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ABSTRAC?

• This repor t contains test results on S tage II , LQ4—30 F and G,

ANB—3066 propellant from unlined tar tons and nLne lined cartons.

Data were compared to previous MANCP data to detormine the effects

of aging on AhB—3066. Testing was accomplished under I IEMP Project

4MP -054P .

Unlined carton data for a specific parameter was consolidated

into a single linear regression analysis. “Worst lots” described

In Sectio’~ ITt , were used in regression analysts of three tests .

One lot with average tensile properties was subjected to

further t’sting to de termine other properties of the propellant.

Lined carton data are presented tn Append ix A.

StatJ~’tically significant trends are not of sufficient magni-

tude to caune failure in twenty—four months.
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C .OSSARY OF TER}~ AND ABBREVIATIONS

Aging Trend A change in properties or performa’ice result-
ing from aging of material or component

CSA Cross Sectional Area

1)6 Dogbone

Degradation Gradual deterioration of properties or performance

K Modulus (psi), def ined as stress divided by
strain along the initial linear portion of the

• curve.

ES End Bonded

EGL Effective Gage Length

em Strain at maximum stress

er Strain at rupture

“F” ratio The ratio of the variance accounted for by the
regression function to the random unexplained
variance. The regression function having the
most significant “F” ratio is used for plotting
data. The ratio is also used in detecting signi-
ficant changes in random variation between
succeeding time points

J#NNAF Joint Army , Navy, NASA, Air Force Comeittee

MANCP Propellant Lab Section at Ogden Air Logistics Center

Ogden ALC Ogden Air Logistics Center, Air Force Logistics
Comeand

r or R The Correlation Coefficient is a measure of the degree
of cio eness of the linear relationship between two
variables

LT Regression The general form of the regression equation
Equation is Y - a + bx

• Regression Line representing mean test values with respect
Line to time

• 5b Standard error of estimate of the ~eg ession
coefficient

• viii
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CLOSJARY OF TER}~ AN D ABBREVIATIONS (cont)

Se or SY X  S tandard deviation of c i te  dat zi  about the
regression line

Sm Maximum Stress

Sr Stress at rupture

• S tandard Square root of variance
j Deviat ion (S q)

Strain  Rate Crosshead speed divided b y the EGI

“t” test A statistical test used to detect s ignif icant
differences between a measured parameter and an
expected value of the parameter (determines if
regression slope differs from zero at the 95%
confidence level)

Variance The sum of squares of deviations of the test
results from the mean of the series after div i-
sion by one less than the total number of test
results

3 Sigma Band The area between the upper and lower 3 sigma
limit .  I t  can be expected that 99.73% of the
inventory represented by the test samples would
fall within this range assuming that the popu—
lation is normally distributed .

90—90 Band It can be stated with 90% confiden ce. that 90% of
the inventory represented by the test samples
would fall within this range assuming that the
population is normally distributed
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SECTI ON 1

IN TRODUCTION

A . PURPOSE:

The p irpose of tei ting LGM—30F Sta~&e II ANV—3066 propellan t is

to evaluat.. the ef f e c t .  of aging on operationa l mo tors containing

this propellant. Propellant data obtained from this test period are

related to previous testing of ANB—3066 beginning with Phase A

• (Jan 72 — Dec 73). Testing was performed according to MIIEMP Directive

• GTD—2C, Amc tdment  1, MNEMP Project 4MP—°54P and MA }TCP Projects

4185—12—73 and 4186—12—73.

B. BAQ(CR()UNI,:

Servltn Jife testing of ANB—3066 block propellant began at O0/ALC

in 1966 . This report contains data from Phase A (fou r test periods)

and Phase a (one period) testing .

Failure c r i te r ia  for propellant which were developed from struc-

tural ana1ys1~ are given in Aerojet Report 0162—O6AS—F. inner bore

hoop strain faUure Is the predicted failure mode. Failure criterion

for allowable strain for storage and ground handling at 60°F [s 4.9%.

This value ¼!ecreases to 4.3% for b~’oster flight (First stage burning)

at . 60°F and .ncreases to 11.5% for flight (Second stage burning) at

• 60°F.

1 — 1
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SECTLON II

SUMMARY OF TEST RESULTS

Regression analyses are shown in Soctiona IV through XIV and

are summarized in this section. Un1es~ “worst lots” are referenced ,

statements refer to testing of all, lots .

I. Low rate tensile shows a stati~ttical1y significant incre.~se

in all paiameters exc pt stress at rupture.

For “worst lots” only strain at maximum stress and modulus show

a significant trend .

2. Very low rate tensile shows a significant increase in strains

and stress at maximum as opposed to “worst lots” wh ich were chosen

because of significant decreases in strain.

3. Hardness shows a significant increase.

4. High rate triaxial tensile does not show significant trends,

although “worst lots” show a slgni ’ icant decrease in stresses.

5. High rate hydrostatic tensile shows a significant decrease

in strains.

6. Low rate biaxial tensile shows a significant increase in

strains.

7. Stres•; relaxation shows that there is a s.gctftcant decrease

In modulus at 1000 sec.

“Worst io.~s” show a significant increase at 10 sec and 1000 sec.

2 - 1
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8. Gel swell ratio is decreasing and cross—link density is

increasing.

• 9. O~.ly minimal changes have been noted in thermal properties.

10. Lined carton data are statistically different from unlined

car ton data from the same propellant lots. Insufficien t data covering

a very shor t a~e span have accrued to es tablish trerds (See Append l.x A) .

2 — 2

- 

~~~~ ~~~~
.. 

- 

~~ ~~~~~~:- .  •~~~~~~~



a
00

~~~~~~~~~~~~~ V~~1I~~~~ 00~~fl ~~ U~ ~) •,4
CS 0 C S C S C S V )00 Z X~~~~Z~~~ Z Z CS

0~ (‘1 ‘0 r~ ‘0 I .  ~ 4 P- r~.0% o~ ‘-4 00 P- N ~~4 0~ N N ~~

sJ ~~ ‘-4 O~ l(%
~ -4 ~~ —4 4 r~. 0 00 0% -4 0o r-r~-~oo ~~~c 0 0 0 % 0 0  ~~ ‘0 S1~ N

~~~ ~~ r-
. 0% N N 11% ~~ 0% 00

~,1 ~~~~~~~~~~~~~~~~ N 0 % e 4 r n 0  ‘0 0
00 m ir, V~ m .4 00 00 ~0 ‘0

~-4 P~ P~ 00 00 r~~’0 If” — r-
i1”t (f~ U s I I ~ 1. ‘0 V’s

%0

OS
OSl O ~~~~~~~~~~~~~ )~~~~~~~(A~~fl ~~ ~~

~~ ~r4 -.( U~~C f l C S  Z Z Z ZZ  ~~ m
2

~~~~~~~CS I-I CSt 0 0 0 0o ’ ~ 0O 0 0~~~ 0 N. . . . . . . . . . . . . .
I I I  I I I

0

J

~~~~~~~~~~~~~ 0 0~~~~~~~~ ~~

~~ 
,.4 — -4 ‘—4 — ,.4 4 ~.4 ..4

0 0 0 0 0 0  Q’ OS O% 0%
Z -~ 0-4  r-4 ~4 00 00 00 00 00 0

0% 0% 0’s 0’. 0% ‘-4 ~4 ‘-4 ‘-4 f”s

14
01
4J 0 0

,-4 I,~ — —1 l~~~~ 14 1I 15 14 1.I ~~‘e 01Cfl 4 J c A44 00 00 00 00

P

2 -‘~~~~

__________________________ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - 
- .~~~ ‘- - ~. ~~•

. -
- • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -~ 

~~

.-- . 

~~~~~~~~~~~~

SECTION III

STATISTICAL APPROACH

The statistical approach presented here applie, to th. unlined

car tons. Statistics for lined carton data are presented in Appendix A.

Linear regression was used as the method of da ta evaluation. A

least squares trend line was established for the data . This method

was applied to data which included all Phase A and Phase B testing .

All available data was classitied by manufacturing lots. In

order to determine what lots, if any , could be pooled, a succession

• of linear re~ress ions was sployed to determine thos. lots which had

statistically significant trends.

Analys is of covariance techniques were appli.d to each test

par eter to determine if all lots in a statisticnlly similar group

could be pooled for trend analysis. Age at test was the covariant

par~~eter . This procedure computes a Linear regrsa~ ion estimate for

each lot and performs appropriat, statistical tests to determine if

j regression slopes and intercepts enong the lots are aignificantly

different . If the lot—to—lot differences are not significant , the

data from the3e lots are combined to obtain an estimate of the

population reg ression line .

Using this technique , seven lots could be pooled to prov ide a

I single estimate for each parameter for the three tests (Very Low Rate

Tensile, Stra.s Relaxa tion and High Rate Triax lal Tensile) considered

3 — 1  
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to be the moit important for motor stress analys ts . These lots

encompassed a cross—section of the motor ages in the inventory.

These seven lots , which have the steepest slope in the direction of

th . failur e criteria , have been term ed ‘worst lots ” . Regression plots

for the “worst lots ” are provided for t h e three tescs referenced .

The symbols representing each lot are shown in Table 3—4.

The dati representing all, lots were combined to provide a

composite reg ession analysis except for Very Low itate Tensile,

Stress Relaxation and High Rate Tria xial Tensile. Only those para—

meters having a significant aging trend have been report ed .

Comput4d statistics for covariance analysis of strain at maxi-

mum stress are given in Tables 3-1 through 3—3. This parameter was

• chosen because failure criteria for strain capability are available.

3 — 2
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TABLE 3—4

Plot Syabol Legend

o Lot Nuab,r 006

o Lot N~~b~r 015

~~ Lot Nuaber 027

+ Lot Nuaber 028

X Lot Nuaber 035

Lot Nuaber 04~.

Y Lot Nauber 043
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SECTION IV

TEST PROGRAM

P All carton propellant on hand manufactured prior to 1 May 1972

was eubjec tel to random selection representing a;proxlaatsly six

year s of propellant manufacturing. Twenty—six porcent of this avail-

able propellan t was set aside for testing over a two year interval.

Approximately one—fourth was to be tested each six aonths. This

propellant was then sub—divided into three groups for determination

of failure properties and characterization tests. This report con-

tain. data from the first group of Phase B testing and all Phaa. A

testing .

One carton was recalled for further testing based on the mean of

the low rate tensile strain at maximum tress. Characterization

data (failure envelope, strain dilatation, etc.) a’-e given in Section

XIV .

Motor serial number, batch number , lot number and date of

manufacture are listed in Table 4—1 for propellant tested from unlined

cartons. Tests and data evaluations are given in Soutctiona IV through

Section XIV.

Information on lined cartons is given in Appeidix A.
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TAB LE 4-1

Motor Serial, Batch and Lot Numbers

.

Motor S/N Batch Lot Date of Mf
AA20018 002 070
20028 005 65111
20037 005 65126
20053 006 65193
20098 004 65279
20142 009 b6003
20176 012 66060 ‘

20187 010 66074
20203 010 ‘6101
20247 015 66165
20275 014 66214
20296 017 66242
20317 018 66277
20339 016 €6300
20357 019 66322
20.383 018 6 7009
20401 020 67037
20419 022 67066
20447 022 67121
20463 024 67159
20479 024 57213
2050 5 025 67306
20529 027 (.8037
20557 029 68153
20569 029 68197
20577 028 68195
2058 3 028 68241
20585 028 68240
20633 032 69035

P 20645 032 69073
20672 033 69203
20702 M4709 035 (.9293
20734 M4907 036 70089
20772 . $4952 039 70188
20805 M4931 041 ~O278
20817. $4901 043 70320
20836 $4954 043 71033
20868 $4946 042 71127
20872 M49 18 042 71137
20888 $4919 045 71172
20899 M4949 045 ‘1200
209 L4 M49l2 047 71229
20922 M4936 047 71256
20939 $5101 048 /1292
20960 M4960 048 71344
209fl M4978 048 72 120
20982 $4954 049 

- 

12046
20990 $4909 050 72067
.~099’* $4972 049 72081

AA2 1001 $4933 050 72122
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SECTION V

LOW RATE TENSILE

This Lest uses a 1/2” thick JANNAF dogbone. ~he specimens are —

tested at a croashead speed of 2.0 in/nUn (strain rate 0.667 in/ in/nUn

based on an EGL of 3.0 determined by use of an elec trical, strain gage).

Storage tei.perature is 70 ‘~‘ 10°F.

Phase A and Phase B propellant aged 14 to 110 months and tested

through 74182 has been used in these regressions.

- 

Except for maximum stress, all parameters show a statistically

significant increase (Figures 5— 1 through 5—4) . “F” ratio, “ t” and

correlation coefficient R are all significant. The trend for strains

indicate an itcreased strain capability. No ageout for at least two

years past the oldes t data point is predicted based on strain

capability.
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SECTION VI

‘S 
VERY LOW RATE TENS ILE

This test used a 1/2” JANNAF dogbone. The specimens were tested

at a croashead speed of 2 x ~~~ in/mm .

Regression analyses of the “worst lots” us i ng a single tailed

“ t” teat show that there is il statistical ly significant decrease in

str-iin and statistical Ly significant increase in atrese and modulus

(Fi gures 6— - through 6—5) -

Data from all lot tasting shows a statistlcal.ly significant

increase in strains and maxim um stress (Table 2—1) with intercepts

similar to those of the last repor t [MANCP 298 (74)J.

Vary low rate tensile testing is related to strain capability

under storage condit ions . The “worst lots” show a m-.45ch greater

sit -tin capability than the alert limit of 4.9% at 60°F. No ageout

is 4 red [cte7.I for the n s x t two years bey ’isd the okest data point.

6 — 1
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SECTION VII

HARDNESS

The tab ends of J ANNAF dogbones, prior to teneJie testing, are

used to obtain hardness readings. Shore A durometer readings for

composite lots are used in regression analysis. There is a sigaif 1—

cant increase in hardness as indicated by the 10 second readings

(Figure 7—1) .

Hardnes3 is considered to be a measure of continuing cure in

the propellant during storage. Individual lots may show either an

increase or decrease with decrease more co~~on during the first two

years.
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SECTION VIII

RICH RATE TRIAXIAL TENSILE

The specimen used for this tI-s t is a 3/4” CL rail, end—bonded.

The rail Is pressurized to 600 psi with nitrogen an~i pulled at a

crosahead speed of 1750 in/mm (strain rate 1000/in/in/mm based on

an ECL of 1575). The purpose of this test is to determine the

failure proper ties of propellant under simulated firing conditions.

The requirenent for inner bore hoop strain during flight is 11.5%

(aler t limit) .

Stresses show a statistically significant decrease for “worst

lots” (Figures 8—1 and 8—2) while there are no trends for strains

and modulus. The strain at maximum stress ranges from 16% to 26%.

The variability in the data may be partly caused by the number of

specimens tested (usually one rail per carton).

There are no trends when all lots are ccmb ii-~ed (see Table 2—1) .
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SECTION IX

HIGH RATE HYDROSTATIC TENSILE

This test is performed using a 3/4” GL dogt~one. The spe~iaens

are pressurized with 600 psi nitrogen and run at a strain rate of

1000 in/in/mm .

There is a statistically significant decrease in strains

(Figures 9—1 and 9—2). The rate of change is greater than when

last tested (MANCP Report Nr 266(73)]. Other parameters do not

show a trend. Compared to the high rate triaxial data, strains

£ or the pressurized dogbones are higher.

9 — 1
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SECTION X

LOW RATE B IAXIAL TEST

This test is perl.ormed on a 3/4” CL rail , end -bonded . The

m atron crosahead speed is 0.2 in/mm (strain rate 0.1143 in/in/m m

based on an EGL of 1.75).

Strains show a statistically s ignificant increase (Figures 10-

I and 10-2). These parameters did not show a statistically signifi-

cant trend when last tested (MANCP Report Nt 298(74)). The “F”

ratio and “S t ” have increased as has the correlation coefficient ,

but variances have decreased. Stresse8 and modulus do not show a

statistical trend .

The iutercept for biaxial strain is lower and the slope greater

than for 2”S/min uniaxial data and high rate triaxial data but higher

than for very low rate uniaxial , showing that strain is highly depen-

dt~nt on rate. Aerojet data , which uses a stra in rat! of .80 mm ’’

vs. uniaxial at .74 min~~, also shows a lower strain in the biaxial

specimen. It would appear that the lowered strain in the biaxial

specimen is also related to the type of specin~ n. A comparison of

high rate triaxial vs. high rate biaxial specimens will be made at

the next testing .
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SECTION XI

‘S STRESS RELAXATION

An end—bonded 1/2” x 1/2” x 4” specimen is t,sed on the R~K

Sttess Reia-Aometer . Seven dif ferent  temperatures uere used in

testing . Sttains of 1Z for low temperatures and 3Z for other

temperatures were used .

“Worst lots” show a statistically significant increase in

relaxation nodulus for 3Z strain, 77 °F data, at 10 sec and 1000 see

(Figures Li—i and 11—2). Since lot selection was not a factor in

designing Phase A testing, there is no balanced distribution of

motors by lot and there is a preponderance of data for 1o~s 27 and

28.

Table 2—1 shows that there ii, a statistically significant

decrease for slope at 1000 sec only. In the last report (MANCP Report

Nr 298 (74). 1000 sec data also showed a statisti-~a11y significant

decrease in modulus.
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SECT ION XII

SOL GEL 
-

This test uses a 1/211 cube of propellant. Density is measured

using cyclohexane as the reference. Extraction is made with chloro-

form as the solvent.

There is a statistically significant increasing trend in cross-

link density (Figure 12—1) and percent extractab les (Figure 12—2) .

There is a statistically significant decreasii g trend in gel swell

ratio (Figure 12—3) . There is no trend for piopellan t density .

The increasing cross—link density is an i ndication of hardening

within the propellant , (See FIg 7—1) . As the cross—link density

increases the swell ratio decreases because oi the reduction in size

of spaces for the chloroform molecules to rea t. -
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SECTION XIII

THERMAL ANALYSIS

Several different tes ts were run to determine thermal proper-

ties. Most did not show any statistically signifLcant trends with

age.

a. Thermal Coefficient of Linear Expansion was run on the

Du Pon t 990, THA attachmen t 942. TCLE below the ~!.ass point shows a

statistically significant decrease (Figure 13—1) . However , it is

the TCLE above glass point which is used in stress analysis and

there is no trend in this parameter. There is nc trend in glass

points.

b. Differential Scanning Caiorimetty was run on the Perkin—

Elmer DSC—l. A change frow manual to computer ca~culationa reveals

changes in the total H. Early testing (Ph~ise A, Series I and

Iti) shows marked differences f row each other. Further refinements

in data acquisition and interpretation will bt~ required to determine

if these are significant trends.

c. tgn~tabi1ity is done using a .050” wofer in the Arc Image

Furnace at a flux density of 168 ± 5 cal/cu 2 sec. There is no

statistically significant trend over three years of testing.

d. 8~’rning rate data are obtained fros burning strands with

500 psi nitrogen pressure. There is no stati~ tica1ly significant

trend over three years of testing.

~~~~~~~~~~~~~~~ ________ 

S 
~~~~~~~~~~ 

- . 



,— 
,~~~~~~.... 

- 

~~ -Tr~~
’ -7-’~

e. Pressure Time is run on a 5 gram spei lmen using a high

pressure Parr Bomb (500 psi initial nitrogen pressure). There are

no significant changes.

Minimal changes in thermal stability are prsa.nt, but correla-

tion of these changes with structutal integrity haa not been

determined .
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SECTION XIV

QIAP.%CTERIZATION TESTING

One carton was chosen for further testing based on the mean

values of Low Rate Tensile data. This so-called characterization

testing relates some properties not studied in dapth in iegular

testing . Failure envelope, relating strain rates end t perat ..xe

to tensile parameters , is one test. Poisson’s raUn, a measure of

dilatation is another. Characteristic Tear Energy is a fairly new

measure of cohesive energy. The carton chosen was f rom Lot 27 ,

M20546. Data are presented in tabular for. in Table 14—1 through

14—4 .

1. The,~mal Coefficient of Linear Expansion data ars shown

below and above the glass point. These data are ellailar to other

TCLE data for this lot (Table 14—2) .

2. ?oisson’s ratio was determined using the R~~ gas dilatometer.

Dilatation is small below 10% strain (Table 14—2) 5

3. The temperature corrected failure .nvelcpe as drawn by the

computer does not show the characteristic shape observed in other

propellants. Another carton from the same lot was selected and a

second failur* envelope run which was also uncharacteristic. The

variability in the data from ths two car tons at a ;iv.n temperature

and crosshesd spesd is sufficient to sxplain the differences in the

curves of the two failure envelop.. (Yliur.. 14—1 and 14— 2 and

Table 14—3).

14 — I
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4, ,  Two type. of specimens were utied for Characteristic Tear

Energy. One type developed by Thiokol, uses a 5” x lS68~ x 3/8”

rectangle bonded to wooden tabs with a centra l l.y located slit. The

equation used to calculate tear energy is c Kd~Ea where :

c Characteristic tear energy

k — Constant for specimen configuration — .222

• Cros.head displacement at initial cracking

Relaxation Modulus taken from master stress relaxation

curve where ER v-s log t/aT is computed for each temperature and t is

time in beconds for crosahead travel.

The second type, developed by Lockh eed , uses a smaller propell—

ant sampl e, 3” x 1” x 0.1” with a 0.50” slit at the edge and bonded to

wooden end cabs. The equation used to calculate toa~ energy for this

type of specimen is c .187 h/l0O

Fc
where : c • Critical stress — (W—R)t

— Critical Strain

Fc — Critical load

W — Sample wid th

K • Cut length

t — Sample thickness

I. — Sample gage length

4 
‘ Data from both types of specimens are gi~-en ~or 77°F testing

1 4 — 2
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(Tabl. 14—4) . It i. obvious from these limitt’d data that character —

istic tear energy is dependen t upon crosshead speed and type of

specimen .

This lim~.ted testing doe~ not show trends , since the carton

tested was en average one. In the future “worst lots” will be used

to evaluate propellant charac teristics for aging ti~ends .

1 4 — 3
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TABLE 14-1

TCLE

(~1ass Poin t Before T5 After~~~

T
g s °C Xl0 5 •C~ 3- x10 5 °C 1

— 78 5.41 7.42

—74 4.25 ‘7 .25

—77 4.00 7.17

TABLE 14—2

Poissons Ratio

1SZ 18.75

.44R .388

.44~ .386

.447 .378

14 — 4
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TABLE 14—3

Failure Envelope

Crosahead Strain Stress
Temperature 

- 
Speed @ Rupture @ Rupture

Ak 20546 —40 °F 0.02 . 170 232
• 

• 187 237
.199 229

0.2 .237 289
.23 1. 301
.206 289

Ak 20545 0.2 .256 555
.272 546
.271 561

Ak 20546 2.0 .282 361
. 239 387
.211 384

AA 20545 2.0 .265 367
314 362

.276 360
U 20546 20°? 0 .2  .208 163

.233 160

.208 160
AA 20545 0.2 .249 126

.256 156

.247 160
Ak 20546 2.0 .241 198

.209 203

.205 207
Ak 2054 5 2.0 .252 192

.297 181
. 28ó 186

Ak 20 546 20.0 . 334 235
.215 266
.216 265

Ak 20545 20.0 .261 241
.311 230
. 285 236

Ak 20546 77°? 0.02 .215 104
.204 104
.2 14 104

0,2 .242 112
.241 112
.238 112

Ak 20545 0.2 .27 ’4 138
.234 115

• .285 112

14 - 5
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TABLE 14—3 (Cost.)

Failure Envelope

Crosshe~d St~-tt n Stress
temperature — 

Speed ~~Ru~~~re @~~~~ptu r e

Ak 20546 2.0 .271 133
.282 124
.253 132

Ak 1054 5 2.0 . 328 132
• 313 134
. 306 133

~~ 2054 i 20.0 . 293  167
.28 8 155
300 150

Ak 20545 20.0 313 165
.254 1.66
. 339 159

Ak 20546 120°F 0.2 .186 104
• 190 105
.260 96

AA 2054~ 0.2  .265 97
.270 93
.270 89

Ak 20 546 2.0 .252 124
.275 124
.252 125

Ak 20545 2 .0 .303 110
• 314 111
.274 111

Ak 20546 20. fj .258 149
4

, .259 1.50
. 309 147

\P~ J~5-.~ 20 .~ .29 9 136
.273 1.32
.297 138

Ak ~)5 ’~~ 160~ F 0.2 .223  92
- 204 86
• 194 91

AA ,‘c5~~ 0.2  . 2 .~+7 73
.247 72
.248 72
.246 76

A5\ ‘u 546 ~ .0 .249  109
• ‘36 1.11
. 209 i i i

A~\ ,~~~~S 2.0 . .52  87
87

- 288 84
.267
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TABLE 14—3 (Cont.)

Failure Envelope

Cross~iead Straj~t S tress
Temperature 

— 
Speed 

— € Rupture € Rupture

Ak 20546 20.0 .244 129
.255 129
.218 124

Ak 20545 .288 110
.308 108
.286 111
.311 109

-
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TABLE [4-4

Char~ict eris t1c  Tear Energy

F~i t ~’k ’ 1 Type Specimen

Croashead Speed

1. In /m ir t  .1/mm .Q2Jmin

-j .8~~12 .8521 .7816

.&L’1 8 .5729 .5850

1.374 .4798

4 t. OCkha~ed Type Specimen

Croashend Speed

1. i n f m t ~ .1/mm .011mm

2 .140 1.393 .8524

2 . 2 7 9  1.227 .9102

1.97 5 1.231 .8232

14 — 10

5- ~~~~~~- -~~~~~~~ - -~~~~ 
~~~~~~~~~~~ -

.- 

~~~~~~~~~~~~~~~~~~~~ 
- - - 

~~~~~~~~~~~~~~~~~~~~~ 
- - 

-
- 

- —  -~~~~~~ -~~~~~~~



- -— - - ---- -.--.-.-. .-
~ --.-.--- -~ ~~~~~——-5--— ~~~~~~~~~~~~~~~~~~ 

-
~ ‘~r~~ ‘i-

—- - :, ~~~

- - - -

APPENDIX A

LINE D CARTONS

A. STATISTICAL APPROACH .

Lined pzopellant cartons prepared by Aero ct were tested for

t h e  f i r s t  t ime i i ,  1974. Propol1an~ used in tha se Q” * 9” x 9”

car tons  represented l ive d i f f e r e n t  lot s , only two of wh ich  were

repr esented in the u n l in e d  t -ar to n a .  The data m i -  i fred and unlined

cartons were st r s t t f i od  i n t o  two groups and at t t sd ca l l y  anal yzed

to define any significant within-group and amo-ig-group differences .

The following procedures were followed In these analyses:

1. Bartlett ’s chi-square test was u ed to test for homo-

geneity of variance within each group. The cot iputed K2 for the l ined

and unlined groups were 2.2297 and 2.6&’22 reap ctively. These values

tested at ~<. .05 were not significant , 1ndica~ tng homogeneous vari-

ance within each group.

2. A standard F teSt  at”~. — .05 was ItlIed t o  determine II

there was any significant difference of variant-e between groups .

Data from lots 49 and 59 covering the age 5~* of 21-23 months were

used in thir test . The computed F value of 2.~ 855 was grea ter the n

th~ critical value of 2.45 (0<— .05), and indii-ated a significant

difference between the variances of the two grnupa .

3. Because there were significan t gi oup-to-group variances .

a modified “t ” teat was performed to determine whether the group ‘iaeans

A - I
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w i e  -~t m I l a r .  This test makes use of a ~ompu I~~d cr i t i c a l  valu e

ot ~~~~~~~~~

t i t i a l  ..t1(S 1 n1) + 1 S
2 n2)

2 2,S 1 fl 1 +S 2 “2

wh *cre L
1 

and t
2 
are tl~e tabular t values for  e tch group respectiveLy

aid determined at an appropriate confidence 1e~e1 and degrees o1

~(1— 
0(12) (fl 1 1)

— t (j...~~~~2) (fl 7 1)

and S22 are the respective group van ~nccs. The computed t

sL a t i st ~~c of 3.443 ex(- �eds the  c r it i c a l  value ,f 2 .279 whIch ind icat -s

-~~ !~~~~- i  a li , a n t  d i f f e r en - -e b eiween group means .

LLn e d  carton data is significantly differ nt from the unlined

carton d a t i  as shown in Table A — I .

I h -  ; z -i et age span (six months) precludes regression analysis.

t h c  dat a ar ~ t ibulated in this report  for  r e f e - -ence .

i~~. UE~ 1 ~1EThOES.

1,”ct  l cthotl .~ ~tre the same as thoac used f -- a ~.nhined -:ar ton-

except tor tests related to the liner bonds. 1 Iner bond tests are

hydrostatic bond shear and constant load tensile and shear .

( ri- ;- i R-~Tk .

Ma - - iel la l  numI~ers , l o t  r imi mb cr~. atid ri~i -
~ of lf T f l h l $  ac t i n ’  •~r e

A -  2
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shown In Tahl~ A—2 .  Other data arc shown in 1’ ib les A— 3 through A— LU .

D. DISCUSSION OF TEST RES ULTS .

1. Low Rate Ten~ tle.

- 
. There are both within—lot  and l o t — t o — l o t  differences with

lot 54 showleg the lowes t stra ins and the high st stresses and

nodull. The strain values of this lot are con 4istent with all lots,

but the values for lots 50, 52 and 53 are much higher. See Table

A—3 and compare ~ñth suimsary sheets in Section IV.

2. Very Low Rate Tensile.

For this test as for low rate tensile lot 54 shows the

lowest average strains and highest average atr ~ssea. See Table A—4.

3. Low Rate Biaxial Tensile.

Lot 54 holds the same relative position for all parameters.

See Table A—S.

4. High Rate Hydrostatic Tensile.

Although the modulus for lot 50 is hi ther than for lot 54 ,

the other parameters show that the relative po iU.on for this lot is

the same . See Table A-6.

5. Stress Relaxation.

Tha master stress relaxation curve foi all lots is shown in

Figure A-I. Lot 54 show. Lb. highost relaxatic-n modulus, al though

AA2IOI S has the highest modulus at 7PF. The rankings of individual

A -  3
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blocks varies  at d i f f e r en t  temperatures.

6. Hardness.

Lot 54 has the highest hatdness and 1~’t 52 the lowest

(T-I hlL- A—7) .

7. ~~ar Energy.

The data for Lockheed type specimens are given in Table

A-8. It i~; obvious from these data that the pL t tern for an increase

L i i  t t . t r  energy with higher rates j:~ present , but it is not wholly

consistent . thanges with temperature are neither apparent nor as

consistent -

S. DSC.

These data are similar to data for tha- unlined cartons and

are shown in Table A-9. (See Section XIIIb.)

9. TcLE.

The T~LE both above amid below Tg appe~rs to be higher than

foi unlined cartons (Table A-b ). Lots 50 and 53 appear to be more

corisi~~t~-n :  than Lots 52 and 54.

10. (
~ e~e L lna _ r i3onda

tim many cartons the liner in so irregular that there is deep

p envt ra t i ”n ii’to the propel lant .  Figures A-2 .nd  A-3 show the irreg-

m ’ -~r i t i -  -
~ i n  (-he bond line. The worst case is AA21082 where the

- - 
~:tt ~uded 0.2 in into the propellant . For these specimens

p - ~- c l i~ant was cut 0.3 in.

A - 4
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:i hlytirostatic Shear.

Specimens were t ested on the MTS at 100 in/mm with

600 psi nitrogen pressure . -~everal adhesive-to--cad tab failures

occurred , and there were several other instances of secondary ad-

hesive failure. Data are given in Table A-li .

b. Constant Load Shear and Tensile

These specimens were stored at 200? for four months ,

then at 0°? ~or f our months hefoi. a bonding . everal weeks elapsed

before all specimens were tested .

(1) Sheat

OnL y eight specimens were t sted at 20 psi. Of

these , three were discontinued before break. Table £-12 shows the

actua l stress and  time to failure . Those sp.-cimens which had pink

liners shuwe~ varying degrees of tackiness .  h is n~ ans that when

the halves were plact-d together with slight resaure, a greater

force to separate them was required than was u sed in rejoining thcm .

(2) Tensile.

Data are shown in Table A-l i . As with the shear

specimens , many showed some tackiness.

Those specimens which had bu ff-colored l iner did

not exhibi t tackiness between l iner and propellant although there

was a slight stickiness in the liner i tself  ii the li ner was thick.

A - S
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E. CONCL (~~1ONS

u-~t h l  more data has acm- ru ed , no de f in i t e  oncl ’is lon s can be

~:m awn concerning the case liner bonds.

The fact  tha t some line rs show more tackl oess than others Is a

Tu4Itter of concern.

The rest results are not conclusive of early failure for two

reasons: (1.) adhes ive failu res and (2) insuf fic ien t  data .

At a la ter date , it may be possible to rec~oncile the apparent

differences between lined and unlined cartons Sy comparing data on

arm age basis rather than lot basis.

A -  6
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TABLE A-2

Test Motors

Serial . Nr und Batch Nr I.ot Date af Mant.facture

AA2IOO 8 M5003000L 052 /2159

AA21OIO M4965000L 050 ~2l4 3

M2 1O l~ M4965000L 050 72172

AA21018 l-15009000L 049 ~2l99

AA2 1032 M6936000L 052 2231

AA2 1053 M4908000L 054 72278

M2 1056 M49 18000L 053 2285

taA2 1072 M4966000L 053 2311

AA21082 M4926000L 054 ‘2326

A -  8

______  

F 
— - —- — 

_______________ - - - -
_ :_



—- ~~~‘
_
~~ 

-
~~ ~

-‘-..
~~-~~----—~•----—•—.—_ -- ~~~~~~~~~~ ~‘ -~~~~~‘~r~~ ~~~~~~~~~~~~~~~~~~ 

-
~~~~

- --_ -_ - - — --‘--- —-.- ---_——-
~
——. _— _ - -

ft 

-

ol ~~ ~~~~~
Q C- 0’) ~ ‘ C’J t— N a’. o L’- C-’J ( ‘  (‘.1 ..t N 0 00 C

- - 

~.reuO C~- ~~ ~~ N as. 0’. ‘-o 0 0’. C - 0 F~tJ~ 0 0 0 C -
. . . S • S • • • S S S S S S -- S S S S S

C)00  0 0 0 0 0 0  0 0( ’  0 0 0  0 0 0( 0 0 0  00

tra rI ‘.0 C’- ~~ vs-a 0 U’. 0 Fl —4 L - \ 4-4 ~~ t— 0 0 0 ( 0 0
C— C— N U\ C”. C— 0 0’. C— C’.I ‘.0 1’ . C’J 0 rI 1.r’. tr ’.tPs tu ’.  0 iC’.

~~~~~ ,*c~: ~~~~~~~~
-
~
‘. 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~i--f s-f i-I s—f ,‘- r4 .— .—I s—f s-f , I s--I s-f s-f s-I s-I H r I s—I i-I ri s-f

rIC-0 ‘.-40) t— s..0 - t  0-~-0 -I (“%O)aX) Q 0 0~~~~~~0 00  00
“~ f-i U s.o (‘-Si -~~ ~‘\ ~~~~~~~~ e~ as. s”. ..4’.o ‘.~~) s-i N as. ~‘. 0-s. tn- I’~~ N ..~~ N ~~~S U) S r4 i-I C’.,I 0-s i-I s-I 0 0 i~f (‘.4 N C )  C- s-I Os. N s-f 0 (“ .04 i” ‘ ~~ 0’. C-

N (‘.5 (‘.4 i-I N (‘.1 (‘.1 (sI (\I N N Ci s-I (‘.1 i-I (“.1 (‘.4 N r I N N i-I s-I r4

~ dd do o o o o  o’c~~ ddd d dc~~ c~~c3d dd

ZI
~ csil 00  0 Ci-~ F”. (‘-1 Cu (St N (Si (Si

~~~~~~~~~

(‘i (Si ‘.J 0 0 0 0 0 0 (sI N i -Si ,.4 _4 ,,.4 CV”. C~ % 4V” . a - -
s (‘.5 4W”. CV”. .4 .4

~~ ~~~~~~~ ~~~~‘WW ~9 ~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~ ~~~

4’ (Si C”. (“. C~’5 (Si (Si C’J 0 C)  a 0’. 0 C- C-.~! ~~ ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~

iA s-f s-f i-I i-i s-f s-i s-f s-i

~~ ~~~~~ ~
I J



—‘~ -~~~~ ~~‘~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -~~~~~
‘
~~~~
‘ 

~~~~~~~~~~~ -~~~
-
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

lii i —~~ - — C) 
~~

— (si 0— 0-s. s-i C-- Os. (‘.1 N s-f ‘ (Si 0’..—f i—f

~ ~S~S~ I ~~~ :c~~~~ ~~
- ~~~- - ~ a—. a (“.0’) C’.i so 0 -4 0’. C— (W”.tr’.-4 ‘u 0-04 (r - ’. 0 Cs.) C’’. cs.i 0-1 0.4 H

Y\ N- C’’. s-I (“SQ) ~~ 0 os.s.-0 C— N U\ 0-’. 0 s-I C’) (s . t~~ C-— s.O .4 r-I CO U\ 0’.
S U s S S •  • S S  • • S  • . S  * 5 5  0 5 . 5 5 5  5 •

0-’.ir’. C— ri-a C”. ‘.0 1’— C-— C— sos.a s.~~ s—I 4 .—f vat .4 ira - t _4 c’j rI  .4 CV’. 0 0 0
1-A IP5U\ ir~~~ tn tJ”sU”.U\ U\-~~V\ LAU’a’)A 1J\UV4\ ‘ ) \  \tt”...~T’aO C—’0 ’.i-’.

- 0 i 0  0 08030  0 0 0  3 0 0  08~~ 
( )0 0 0 0’~0

~~~~~~~~0 c~ 0 0 0 0 0 0  0 0 0  0 0 0  0 0 0  ‘ ‘0 0 000  0 00

C i C-— ,—f CO’0 0 (0 C”. 0 s—f sO —4 CO s—f 4 C-’0 L ‘.-4 C”str’. a~ 0-’. “-0
-4~~f i  0’. i—I Os.tA (’J C— C”) s—I C — C u  U”.~”’a-f 0 0 C’) — -TN’0’Lr’.trs~~ (‘Si

S .  ‘I S 5 5 . 5 0  5 5 5  . S .  5 5 ,  • 5 S S 5 .  5 • •
c—s o s .  is ”. C— (Si s—f iA C-— C— C— s.o .4s.o a-’. C’) H H (“5-4 - t-~

- s—I 0 (‘J ‘.0 04 (‘4 c—I
-C - ~~~ ‘~~~ ‘.Q ‘0’O ‘0 ‘0tns..3 ir~’0 ‘4) ‘4) ‘.0 ‘—0 ‘-o a ‘.0 ‘-0 ‘0 SS\’—0 N- N’:j

- -1 C O D  0 0 0 0 0 0  0 0 0  0 0 0  00 0  ( ‘ 0 0 00 C ’ J  0 0C s i
- C) -~~ -~~ (7 0’ 0 04 04 o) 4  C’) -4 “0 (‘4 ‘Q ’,44 ..4 ~~ irs. (‘.4 .4 C--

~~ 1;i -~~~~~~~~~~~~~~~~
-

~~~~~ ~~-)  0 5 5  S 5 5 5 5 5  5 5 5  5 5  S O S O  0 • •  * 0 5  * 5 .
--s c O O  0 0 000 0  0 0 0  0 0’)  0 0 0  C ) 0 00 00  0 0 0

C/i - - 0 0 0 0 CO a) N ~Si C”’. F’. r’.~s s.~ .,~)  Cs) N ( ‘J ’0 N N C’.)

~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~
-
~~~~~~~

‘ 
~~~~~~~~~~~~

~—I -N - 0 0 0 0 0 0”. 0’. 0-’. C’s) Cat (‘4 ~4—4 .4 i c”s..4 C~
-\ V~\ C’) -4 -4 C ’ .

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~t~~~ t i~~s

~~~~~~ ~4 ~~~~ ~~~~~ r - 1 r I~~~~~~~~~~~ ~~~~~~~~~~~~~~
- :  

~~ - -
~~~ ) C D 0 0 0 0  0 0 0  : i O O  0 0 0  ( 0 0 0 0 0  0 0 0

~~
- - \ -f \  1J\ ~~~ ‘) ~~ ‘)~ ‘.A tn ~~ ~

~~~~~~~~ Jj-~~~~~ ~~~~~~

- a- - al C -~~~~-~~ - (‘—L - -- C - C ~-- ;-- I ~--- (‘—C -C - - --N- C— C--N -C- C --N - C - --~~~C -N - N -N - .’-

- —~~~~~~ 

:t —

~~~:: —



_ _ _ _ _ _ _ _  - -

s—I U) 0 U) (%. .4 C— (Cf (‘Si ‘0 s-j  C) C’S-I ‘-u a-s. ‘—1 O’.’.~ ‘. ‘ —1- 0— N Os. ‘-0 C’)
1~~ 0’. ~fs (0 t’— ‘.0 0-1 (‘4 ..~~“f(’. -~~.-C’J .4 s--f (4 a’ 0”. tI’S (0 ( .U\ C- 0s.—4 C”. ‘0CO U) (0 (Vs. CO CV-. 0” 0’. 0”. C) Os. 3 U’ a - ‘(0 COCOa ) CO

(‘) C’.J F l  Os.C’J U\ O s ON  C’) r-l ’~X) cO - i-~--1- 0s.’.ra c I r - IU’sN’-,QN r4 C-CO
r4 -4 _.4 s--I co Os C”..,4 N N — J  s—f s—I \U~’ s--I r-I .4 %0 (‘- (0  (“)0- CO i-la)

I ~~~I ~ ~~~~

a) (0 0-’. “1 (0 CV’. C’) (‘-4 if’. s-f 0 (“. a) ‘0 ‘SQ C’) ’0 a’ “'5-1-C’) C’. C”. 0 ~‘. 0C”.s.Q C’— Q’s s-I C’ O ’LA—4 ..~~ r1(0 Ors.(0s.OC”. ,-I s- -f ‘0 C S J N O N CS  C O-~ ’ 0-s.
Ii (‘4 G’. 0’. 0 (‘-f r I  s-I 0 Os. C-’ C C- s-i C’) s—I C’.-) 0 0’. ci C’) (‘4 C’.I 0 s—f (00  0’.
~ 04 r 1  s-I Cs) (‘4 C’-) C’) C’S) s-I H i-I i—I N (‘.4 (‘4 CSJ C’) H C i (s) Cs) C’.) C’.) N s-I CS) H

S 5 S  5 5 5  • 5 5  5 5 5  • S S S 5 S  0 5 5 0 5  S S S S
0 0 0  0 0 0  0 0 0  0 0 0  0 0 0 0 0 0  ( 0 C0 0 0  0 0 0

u’sso (-w’5 -.1- ’-l s--I (— 0 0  N (“.s.O ti-sO s-I C”%.4 r—I ~~~~~~~~~ 
tW’ssoso C’) 00 Cr ’.

(‘iN Os. s--I (‘‘. 0-, C’fl’.O ’.O .-1- 0’.s.0 U”.O’a r-I a) ,—I s.,O C ” .(0’.O (‘\ F l  N (‘J’.—0 -4

~ ~ ~~ ~~~~
~~~~~~ ‘~4~~~~~ ~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~

Cl) ~~~~~~~~~~~~~in Z S • . . . • . • 5 *  • • . 5 5. 5 .  . . . S S S  5 5 5
00 0  0 0 0  000 000 0-D0000 (‘00000 0 0 0

~~

:1. ~ ~I ~~
0 0 0 C”) NO )  0 0 0 0’. as C’) CS) c s 1 4 4 . 4  a ‘.F’.CV’. Cs-bc’) CV”. —4 —4 —4

~~~~ ~ WW W~ W ~~~~ ~~~~~~~~ W~~~W~’ ~~~~

~~il ~~~~~~ ill LVJiI ~~~~~~~~~~~~

A - U

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - —~ -~~ - 
~~~~~~~~~~~~~~~~

- -

~~~~
- - .~~:. 

-- -  j



-“' ~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~ _~~~~~~~~~ _ —‘----—-~~~~ ---- —
-~~ — -‘= ~~~~ ‘.—“---‘- — _I=—--- 

~~~~~~~~~~~~~~~~~~~~ ~~~‘C~~~ 
- -

~~ 
‘
~~ 

-

N c--I C\l’0sD asa C—— ,4r-I -‘)ifaC’)0 - ) O  C—~0t r’.C’) .—10U
4~ ~~~~~ (‘4 \~ ‘s s-f C’— .4 C— 0 0 Q’. CV’. (‘4 0-s (Vs (“(0 ~~\ ?‘. (‘.4 CV’. C— —1- 0’. CO C) U’.

~~~ ~~~~~~~~ g~~c~ ~~~~~~~~ ~~~-0i
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
-
~~S~ -~X’~~ 8~~’-~888 ~8 88 8 8  8~~8S 0 • • U  S I • 5 5 0  5 5 5 5  5 S O S S I  5 5 5 *

~
- -
~~ ~~~1 

~~~~ ~~~~~~~~~~~~ .!~*~J ~~~~~~~~ ~~~~~ ~~~~

I ~) sQ - )  os -i C) ‘.4) u-’. CX) C’— Si’. s— I N 0 0 (0-. N (s-i ‘s C’) IA 0 s—I C— ‘-0 (‘5 C —

,,i -c ’. 4 C- - C’) N N s-f C’.) .4 C— sI) s--I C’) (-— ‘.0 0- C”’. - - i-’.0 — 40  0 CV’S C’) (‘4 N-
Q\-i , C) N- C— (— C’-— C’) U) tJ”’.C— 0-. C— oY-.Q .4) (‘4 - ‘ ‘i r aQ  (0 c~ 0 0’. (7 0

~ 
c, N (‘J ‘ ~ s - s -  (‘I CM Cai N (‘.1 N (‘4 (‘4 Cs.) C’) (“a C’) C’) “4 CM C’) CM C’) (””. (‘1 C’) a”.

O S  S D O S  • 5 5  5 5 0  5 0 5 . 5 0  5 5 ,  • • •  5 5 .
‘ L ~~~~~~’ 0 0 0  0 0 0  0 00  0 0 0 0 0 0  0 00 0 0  0 00

~~~~ 
g
~ i~ 888888  ~88888  888

C - -  S O  • S S I  I O S  5 5 0  5 •  S 5 5 0 5 5  ~ 5 5 5 0

~~~~~~~~~

N- ‘ -  -~ t - ~t C”L4 (“.4 C’) Q’.,4) ir’. 0 Cc-’. N- (“‘.0 C’— -I —4 s—I -4 ~“‘.0-. s--I (0 s- f
I -, - 

- “ - 1 - ‘ 4  - C’) C- C)’. C’) 4 —4 s.C) N .4 ’4) s-I ~‘\ 0’. 0- - 0 IA 0-N -  0’. CX) s--i ti’s C’.)
f- f  - - - - ~r)  j

~ 
s- —o so ‘if’.’0 (‘4 ‘-4) (S i ”,O c—f C’’. It’. Os. Os. 0-’. - ~ C’-’. CX) U) 5.;-’. -4) 0— “0 0’

‘—4 N (~~ IN s-I 0’) CM C’) CM C’.) (SJ QJ CM C’s) C’) (‘Si (‘4 (‘4 (‘.1 ‘~j C’-i C—i C’) Cs--i C’.) CM (“.1 (“4
‘.~ f — a • * 5  5 5 5  5 O  5 I S O  S~~~~~~ O~~~~~~ S 5  • * 5 0 * 5  5 5 ~~~~i-, (—4 - s C ) 0  C) C D O 0 00  0 0 0  0 00 0 0 0  - a 0 0 0 C) 0 0 0 0

C
- - C’) C’-) , CO CQ(0 ‘4) ‘-0-0  N C’) C’) u”.tAu”a O  0 0 ‘sC’) (“scO CO ~ ) C’) (‘.~ f - i

COCO’1~ ,‘4 r-I r-l u\tts.Si\ (‘\ C””. ( ”.  r-l r-I H H Hr - I  r’.t C s t A 0 0 0  0 — C - N -
N. r- O 0 -  0 00  0 0 0  0 0 0  0 0 0 0 0 0  ) 0 C ) 0 0 0  0 0 0

o r-4 H r-~ H — f r-I H i—f r-I s—f H s--4 .—f -- 1 r’-Ir ir-f r-l -f r I H r I s- 1r4 H HH

1. ~~

C I 
-

a N CM 0 C’ 0 0 0 0 ~ 44 N N N

-~~~ -
~~- _~~~~1~~ ~~~~ ~W’.6’~~~~ 

‘.~W~

U I  ~:~O () C’-z - -; o’s-a u—. C)s. os r-I r--f r’f C’) (’-\ ’.~.~. $ - -J ‘s. 0 ’L - ’ i~~’ s ” , a) CX) C’5)
I) - - - ‘ ~~ (‘4 C- (“ - -  s-I —I C’) C’) Cs--I C’) CM (‘.1 (‘4 ç~ - -1 c—I H C-i Cs-i c’i c-I r-4 s-f 

‘ C . c ~- (  ( ) Q , ~ 0 0  0 0 0 0 N O  ) Q C 0~~~~ C )  0 0 0

- , ~~- t - -0- - ; - -- N-~~ -- N- t’--l ’- Os .C O ’ s ’ s .C) s . ’C ’  Ts. O’~~~~ O 0’0s. (7s.Os O’.

~~ ~ 
4 a s -  

~~~~~~~~~
- . - - C - - — - C’— C- - C— C C’- C— C’— C’— C’- - N- N- C-— C’— a - -- - - C - C’— 0-- C— 0--

— 1,

- - r— -  - 
- 

-_ A



— -— “

~

- --
~~

-‘

~ 

-
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
T - -- --

~
- 7: ~~~~~~~~~~~~~~~~~~~~ ~~‘~~~z~i 

:— . ruu~

0
0 C?

- 0

/ ~~~~
- ‘ “  0

~1 t - ’~~~~ -
‘-‘i--

1’ 0’
/ cx:

Z 

I N
1’ ~~

~~~~

“—C

H~ 10
~~ 0 

—- 1 -— -
- L J :  - JL t - 

~~~
— 

-
‘ i—a ( 1P1

‘-) ‘~~h - C ix:
-w - ‘-“ Li..-

C? .’.. t~C’ ~~
- s-i

~ r’~- ’ z -~~

-~ 5
’ - z

- C
I——

‘3 ‘5- —a - ---‘.~~----, c: Is.4
/ ‘

__
s__ _ _ 

~~/ c — a
_-j __l

- - L&J
— 

/ - Lr
/ I_n

4’ ~r)

- -

/  :‘

4’

C’

—

r ‘-
~~~~~~~~~ - 

-——--‘---- —---r------- —- ------ — - ‘----- --------- - -- 

-‘ 
iEi  (1 I F

i~ J) ; i ’nr~ - ~r ~~~~~~~~~~~~~~ 
:~

- -

-
~~~~~ ~~~—~- - 

~~~~~ . T~~1-~~~~~ L~i ---—-- --—s-
~~~~~~

--- -~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~=-s- 
- - -  

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~



-- - —‘—-- ‘‘~~~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 

- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ‘~~ 
-

0- ~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
e~~ ~, .-~~~~~~~~~~~~~~~ si1 s- ~~~~ —~~~ ‘.i ~~~p.~~~~r- t’-~~ ‘.L P.

— . *4 )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I — s  3P ’ 4 - ~~Id~~) ~‘3 4t’.Ja~I,— ’4’. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .1.
—. e . . s a • 5  1 5 • 5 • • • ~ . . . . .  . . a ,-~

4* d’ f’ S.) Mj  14) ~4) 7~- — ‘~a ~~ ~ ‘ t’- iQ t— *~~ ~~ P.- C’- an a’. a~ ~‘.i .—~ ~i’ ~~
~~~~~~~~ w C ’ -’W~~~~~~~ sD sC ,~~~~’. .-4 ((” -l3~~~ C~~~ ’i O’~~~~~~~ t f l P . - D N’~’ 4’s ~t
*~~a~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a—
• ‘ - ~j) 3 ‘) 3 •) 13 \, -4 - 4  ,4

5’)
I

- IC

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘o’. e’o’ .~~~
s,L- s~~~.C aL~~ai ’ ~‘.i.f-

4 *~~~~~~ C*I~~~- ‘.r% ,C~~~~~a’~~~D s ~~. ) a ’ - --~C ,.- s~ r—~~~ - ~~~~~~~~~ ‘~ C

~~~*W I . , 4~~~~~~I~~C~~~~~~)I P~~~~~~~~~ C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘-C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

~~ S .  S S 5 5 5  5 * 5 5 5  5 5 5 •  5 5 5  I I I
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •

- C- . a -~~

a- a} I 
‘

• Q LI* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a--
• ~$ r - ‘  ~ .

~~ ~ t -
~~ ~ ~If C’ 0 ~:“ ~ ~ ~ 0 0 ~~ -, ~ ‘ 0I 

~~ ~~~ ,~~ -, C~ -~~ ~-ai ~ ~ C. a- C) ~3 t~ •~~ ~) ~ ‘~~ ~‘ ‘~~ ‘~~
- ,- ~~ .. ) ‘.~~ ~ -.3~ 

Q c C� - * - -J 5.i - - 0 ~~ 
- 0 . ~~ - £

If S S • 5  ~~~~S •  ~~~~* S 5 S S  5 5  5 5  5 5 5* 5 5
p— I ~~‘. , ) (~ ‘. ,.. 3 ~ 

CS ~) ‘) a~ C D O  .~~ - )  ~~ -~ a~~ 3 .-3 ~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ C~~~i-4 a P - ’. ..~ 0
$ — -, —4- ~ —4 3 -4 -~~~ - __ 3 —4 C~ -4 3 0.4

—4 --4 - —4 --4 - -4 P

S

3 C.)
I 

:-, -~ ~~~ S ~~-
‘a t

-:‘ -~ C C C

* S U I
-) —~ ‘.I , , - ’. - ‘.

ki-E~.Ji L 
A 

_ _  

__U
-- 

~~~~~~~~~~~~~~~~~ ‘C  ~~~~~~~~~ e —  
—___________ 

- - - - I --



_______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~
“ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — a -  ~~~~~~~___ 
— nc,-_ —,-It—-e~’--~~~_ _ _  -

I’
4’ 1 ) 1 1  4 1 t 1  a t i  ( )  ~~ I ‘ . 1  5 1 4 )  i I ( )~~~~ ) I - ‘ ‘ a  4 , ’ . I  ‘.5 a a ,I~~~~ , ‘ ‘ . 1af) . • . • . . • s • s I • S 0 5 S • I S I ~ ~ SI ( 1 4 ) 4 1 1 ’ .  1 \ 4 s ,J PC’% (’IJ (\~ N \ C4 \ .  I ’\0j  N’ . -  I I-a”.N’s Is.J I •0 ’% I’i”.~~4 ’ . I’~\I 

~~~ ~~~ S ’. ‘.4% - a ’  ‘a I 4 - t .  ‘ .11  ‘.4) ‘ s I  ‘ a I ‘)I 1I 54 I  ‘.t ‘ ‘.t’. SI --1 i i

4)
4-)
I, c - I

• (1) ~-d (- ) 0 ( ) ( ~~4,,j  ( ) L ) ( ) t )I I  ( , ) C )~~~~Q(’ .  (-4 - L I ’ ).? ’  ( )~~~L)0-4-I” • • • • S • • • • • • I • • • • • ~ • • . • • ~ •54 CC’. CM (‘.4 CM CM ‘.0 ~.i- CC’. 4- - j  00 ‘..C) C’— ‘-0 IC’. 4 - It’. 4- 4- 4(1 II) 4- -4- -4 - -N- C’— N- C’— 0— 0-- C -0’-- 0-— ‘ - 0- 0— 0-C’- 0— (‘-1 0-- (-—0 - - 0- 0-- C’— (“- C”1- 

1 :
Ii)— 
4 ’

CM C”-J Cs.) (‘.j (~4~a 0-’ (S’s 0’. Os- Os.0 0 0 0“ f 4- 4- 4.d) C’-.- b— r— t’ - - - C—4) -I i

((1 (‘4 0” a-i1_ - 
~‘) II ’.  4 C- - os-I 1’) 0 s’ I s-I f—a (‘I-: 1.1 l’s (‘.4 CM (~ CMC’ r’ 

~~
- C— C—Is: -

(‘-1 (,~) 0 C)’. (‘as-I4) I ( ”  If’. t I’. -4 ai ’.
9 ‘‘  0 0 C) 0

a—f ,-~ ~~~ a-1 ~rra ~~~ -
C %

•c: I ’\ U-’. IO 0 ‘~L) ‘-0 1(1-
~~ 0 0’ ~~ ‘. 8

U

• H

U A — 1 ~.,

j  
—- -  —— - - — - - -

~~~
--—— -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-________



-‘~ 
y - c -  ,- 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~- - - --- --- - -

- - -- ---— --— --

p -

-~ s - . ’ ~~~- r’.J 0 7 ) O O C\a 0 0 0 - - 
~~~ 4 0 ) ( )

‘ e • . • . . • a • S • S • • • • S s a
I I ,  L I ’S ‘- (S N’. ,f - -I P4’. (‘s.I P4) C) Os. ( C ) I’. - 1 a’s) ,“. a t ’ . ’- - - s- s - - - 

- 
- - s - )  ‘.4) ‘.~L - ~(S Is - f - (1) ‘.4 - ‘.~~

) ‘-C’ I ‘.-i I S _‘ ‘~ I
—i -a
au
( S
4_i

I I I I  I _I ) ( ) ~~~~~~~~ % I I I I ( l ( . ( I  1 4  I I I I r (’
- S • S S S S S 5 5 0 S S S S 5 4 5 • • S

-- I I - I - I 1 4  
~ % ( %  (‘.4 ,I I I’ .  (‘.1 C’.) ( ‘ . 5  (\I I I ‘ ‘. I ) I I

I I I’ I I - C-’- ‘‘— — C’— — C’— - I’—- C-’- I 1— .a ’ I - i i  I I —

-I’ P’’. -f
I ’ .  C -  . I  c—I - I

- ,  r -I s-i
I’ ‘I 4 -4- - 1
3) 1’ - C’ C’- I-

I-.

0
C)

— ‘ - a l’. I-I S4)
C c--I I” )

C - -  (5) (‘4 ‘4)
- I  Cli (‘.4 C\-JI C — C’- I -

- - 
C II’ . ItI’s U’S I , ’ .

- ,  ( I  7) I )

.1 -~-- a__ ’. 4)
- ,  - a- - (~) 0 a -, ‘: ~ - a_ C)

1% I - -4 ‘.4) (\I
I 1 —

1~ I -’ .  ‘ (“I -— ~-- - - I ’. I - 1
s- - - a s -  C) ( I
4 1 s I  I Ir~j

- -1~ 4 —‘I)

- a —

A -  -L6

~~~~~~~~~~ ~~. ____ -



‘- --—S .-’ -‘ ~~~~~~~~~~~~ - ~~~~~~~ 
— ‘~~~ “~L’ ‘E’~~~

’ iC~~~~~~~~T ~;;fi~~ 
‘
~~~ -~~ 

--‘ — —
~~- - -

~~~~
“ 

—

- -vc’_  - - — ~~ ----‘——---—~~~
-—

TARI,E A-8
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Hcilor No CHS 41) 7/
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.5610 .251 3 .2003 .2920
.5994 .4418 .2378 .3220

.1/2 .6:38 .57 81 .5098 4334
_ .7-~21 .7061 .4607 .4903

- - 
.6s-24 .5183 .2378 .6576
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1/20 1.899 L975 1.058 1.057
2.523 1.983 .8437 7306
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TAILE A-8 (cont)

~It ’tor N t  j~~)

M21072 .01 .71 18 2O’~ .5494 . 2 / 2 9
.4522 .3369 .6086 .2560
1.694 .4948 .2775

.1 1.153 .295 .6032 .6652
1.427 1.071 .8611 .4383
1.433 1.223 .4602 .3489
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4675
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iAB1,E A — I l

~-IYDR OSTAT1C SHEAR

- ‘ -Time—To Type of F a i l u r e  ~
~a -- ’ r ~~ r.. -~~~~

- a-Stress .Failure P1 CPP 1.

- .223 sec
1 1 4 . 8  . 144 1:5 ;‘-

c- . t u t U  
- 

1 3 7 . 9  .209 - 
- 70 30

- 107.7 .221 - 

- 60 40
- ~i3 7 1  .159 40

-~ 
- - u1~a 58. .09 5 a ’,

~3 2 .2 .135 15 20 ~~~~,

-~~.~~u L 8  119.4 .135 25

AA21032 ~45.5 
- .169 - - 40 30 Y)

- 
3 2 6  .09 

- 

100

-‘A . L05 3 H3. 6 
- - - 

J60 •
- .. ‘ -

- 9-~ 
-

142 7  . 133 La 5 ~0
(,7.3 . 243 00

AA21056 ‘-) 203 85 !5
i~~i.~1 - .208 90 10

- 
- J~~4 .7  .167 100

AA2 1072 
- 

~t 1S 11  
- .157 a 40

107.6 
- 

215 
- - 

- 
- 

, 20 80

AA2 1082 - a-
. 133 .8 142 

- 

25 65 10
- H 4 .4 .179 7() a

a 124 .5 .186 20 20 60

H -

- 

-
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TABLE A— 12

CONSTANT LOAD SHEAR

Carton Nr Actual Time—To Type of Failure ‘/

Lot Mr Streøs psi Failure, Mlii P1 P2 CPP CPR I.

AA2I008 60.89 .35 50 50
I,ot 052 6(L64 .13 95

41.57 5.7 5 9~
41.76 3.2 2 9H
19 99 20190 2 98
20.09 900 101)

AA2 1OIO 60 64 .075 25 75
Lot 050 60.89 .067 20 80

41.74 4.45 10
41.57 3~ 28 1 15 84

AA2 1O1S 6(L64 3 25 75
Lot (150 60.99 .44 15 1 84

42 19 32 50 1 . 49
4L 73 3.75 20 1 79

AA2 10 18 60.45 .07 80 20
Lot 049 60.16 .27

41.83 .13
41.92 .77 90 10
19.89 2490 20 80
19.96 627 50 50

AA21032 60.64 .12 40 60
Lot 052 60.89 .13 60 40

41.76 1.87 3 35 62
42.14 1.6 2 40 53

AA2 1053 60.64 .05 30 70
Lot 054 60 .89 .08 10 90

42 .19 .7 20 80
41.73 .5 10 90

AA21056 60.89 .23 80 20
Lot 050 60.64 .06 90

41.57 1.4 70 30
41.76 0.03 30
18.65 2189 20 80

• 18.69 2949 30 70

AA2 1072 60.89 0.1 95 5
Lot 053 60.64 .25 98 2

41.57 2.88 95
41.76 5.07 80 20
19.99 2430 60 40
20.09 18600 Discontinued

A — 27 
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TABLE A—1 2 (cont )

CONSTANT LOAD SHEAR

1r~ :i ~ t- Ac tua l Time—To Type  of Fai iu r ’-a  ~.:

I L  Stress psi Failure, Mm P1 P2 CI’P CI ’4  a

A~ 2 L(~I:-’2 60.6 4 .14 1 80

Lot 054 60 .89 .11 90
4L 76  .14 1 95
41.57 2.1 1 85

A -
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TABI.E A-) )

c0NsTAN-r LOAD TENSILE
Type of Failure Z

Cart on Nc ~c tua 1 time-To
t ot Nr - 

Stress~ psi FailureL 
~~~p. ~~ ~ffp

AA21010 59.73 56 15 85
Lot 050 59.91 94 5 50 45

41.11 4613 20 8C
41.19 1759 25 75

AA2 1015 59.73 1.4 100
Lot 050 59.91 2.7 45 55

41.16 1349 80 20
41.19 72.4 95 5

AA2 1018 59~ 73 .68 2 78 20
Lot 049 59 91 .22 75 2 23

4 1.28 6 . 1 80 20
4 1.54 12.8 30 70

AA21032 59.73 .77 5 40 5
Lot 052 59.91 1.4 60 40

41.25 19.7 2 58 40
41.35 10.5 75 25

AA2 1053 59.73 .05 20 20 60
Lot 054 59.91 .08 10 40 50 a

41.25 6 .4  20 10 70
41.35 13.7 10 20 70

AA21056 60.45 7.8 95 5
Lot 053 60 .16 1.75 95 2 3

41.83 207 60 40
41.92 1 5 a-- -

)

AA2 1072 60.45 1.5 99 1
Lot 053 60 .16 .03

41.83 906 95 5
41.92 972 23
19.89 10254 Discontinued
19.96 10254 D~scontinued

AA21082 59.73 1.6 60 60
Lot 054 59.91 6.8 40 ( 0

41.28 169 5 40 55
41.54 81 5 70 25

A - 2 9
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This repor t contains test results on Stage II , LQI—30 F and C, ANB—3066
propellan t from unlined cartons and nine lined car tons . Data were compared to
previous MAZ4CP data to determine the effects of aging on ANB—3066 . Testing was
accomplished under MME~~ Project 4MP—054P.Unlined car ton data for a specific paremeter was consolidated into a single
linea r regression analysis. “Worst lots” des cribed in Section III , were used
in regression analysis of three tests .

One lot with average tensile properties was subjected to further testing
to determine other properties of the propellant.

Lined carton data are presented in Appendix A.
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- Statistically significant trends are not of sufficient magnitude to cause
failure in twenty—f our months .
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