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$ LSTRACT

This report contains test results on MTh—3066 propellant manufac-

tured by Aerojet Solid Propulsion Company and Thiokol Corporation.

Statistical comparison of all types was made on the basis of similar

ages.

Propellant a were analyzed with respect to the type of polymer

used in the manufacturing process and by carton type.

Regressions are given for very low rate tensile, high rate biaxial

tensile under pressure, stress relaxation and case liner bonds.

The test results indicate dissimilarity between Minuteman II, Stage

Ii and Minuteman Ifl , Stage III propellant as described by the linear

regression analysis.~~
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GLOSSARY OF ABBREVIATION S AND TERMS (CONT .)

Regression The general form of the regression equation is
Y = a + b x

Regrt~8sion Line representing mean test values with respect
Lint ’ to t ime

S1 Standard error of estimate of the regression
coefficient

S,~ 
or S~ ~ 

Standard dev iation of the data about the regression
line

Sm Maximum Stress (psi)

S Stress at Rupture (psi)

Standard Square root of variance
Deviation ( S )

Strain Rate Crosshead speed divided by the EGL

Thiokol Thiokol/Wasatch Division

“ 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 differ8 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
division by one less than the total number of
test results

3 Sigma Band The area between the upper and lover 3 sigma
limit. It can be expected that 99.73% of the
inventory represented by the test samples would
fall within this range assuming that the population
is normally distributed .

90—90 Band It can be stated with 90% confidence that 90% of
the inventory represented by the test samples
wou ld fall within this range assuming that the
population is normally distributed.
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SECTION I
INTRODUCTION

A. ‘URPOSE:

The purpose of testing ANB—3066 propellant, used in MInuteman 11

Stige T i  and Minuteman ill Stage II and Stage III, is to monitor and

eval i tut t •  aging effects on this propellant which will conirihute to the

operational motor serviceability prediction. Testing was performed

according to General Test Directive GTD—2C, Amendment 1, and I~ tWRM

Projec t M82937C and M82938C.

B. BACKCROUND :

ServIce life testing of ANB—3066 carton propellant from Aerojet

production began at Ogden ALC in 1966. When production for Minuteman

il l Stage II was transferred to Thiokol, the propellant samples from

bot h Aero~ et anti Thiokol were tested. As lined cartons were produced

1 Ii.~~~ were tested , adding propellant liner bond spec tmeu~ to the pro-

gram . This report contains data from all these sources for propellant

aged 13 to 137 months.

Failure criteria for ANB—3066 propellant which were developed from

structural stress analysis are reiterated in Aerojet Report 0162—O6SAAS—

17. Inner bore hoop strain failure is the predicted failure mode. These

criteria are shown in Table 1—1.

1—1
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SECTION II
TEST PROGRAM

Cartons representing raw material combinations were subjected to a

random selection process designed to test all material lo t s  within a two

year-four test periods interval. When propellant cartons h ave been aged

t’ut ’ vt~ar , they are added to the test progr~~.

Propellant cartons are identified by source of manufac ture. Stage II

and III propellant manufactured by Aerojet Solid Propulsion Company is

identified as ANB and ANA respectively. Thiokol Company Stage III propel—

• lant is identif led as AlIT. All regressions used this nomenclature and the

additional information as to the type of carton, lined or unlined . Symbols

are used on multiple regressions to separate types. There were two sup-

p liers for polymers for Stage II propellant , “C” polymer manufactured by

Cent ’ rai Tire and Rubber and “P” polymer from Phillips. Until recently,

I lie i~~~t r inely harge vat [iit .Ions In data from certain lots had hcen com b I iwd

with cartons having neglible standard deviations. In this report the two

polymer types have been treated statistically.

Stage II ANB—3066 propellant has been tested for more than 10 years ,

but in this report only propellant up to 72 months has been used in co—

variance analysis to coincide with the age span of Stage III propellant.

Lined and unlined cartons of ANB have been combined in regression analysis

- - for comparison purposes and cover the time span from 13 through 137 months .

T h e  physical—mechanical tests which relate directly to stress analysis

are limited . Very low rate tensile test data is related to storage

2—1
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conditions, a~u high rate rails tested under pressure re’latc to ignition .

Stress relaxation modulus also relates to storage conditLens. Thermal

cod I Ic lent of Ii near expansion reflects some of the therma l stresses

to which the motor is exposed.

l.ow rate untaxia]. tensile tests and hardness are rout hie tests for

all propt’llant . These data have been subjected to statistica] analyses in

this report. Poisson’s ratio and cohesive tear energy tests have been

applied to only a portion of the cartons. Data from these tests will be

more rigorously analyzed the next reporting period.

_  
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SECTION 111
STATISTICAL SUMMARY AND CONCLUSIONS

Data analyses of all propellant tested by MANCP having the ANB

3066 formulation are contained in this report. ANB 3066 propellant is

divided into three groups, each group pertaining to a specific rocket

motor application. These propellant groups are further classified with

regards to the manufacturer of the polymer contained in the propellant.

The two manufacturers of ANB 3066 polymer are General Tire and Rubber

(‘C’ type) and Phillips (‘P’ type). The three propellant groups are

designated in this report as follows:

Code Polymer Type Manufacturer and Systom Application

AMA C Aerojet: MINUTEMAN Ill, Stage III

MB C and P Aerojet: MINUTEMAN II, Stage TI

ANT P Thiokol: MINUTEMAN III, Stage III

F Propellant specimens for the AMA group were taken from unlined “attons

and contains only “C” type polymer. Specimens for the ANB and ANT groups

were taken from unlined cartons and also from cartons having a simulated

case liner along one surface of the carton. Propellant from the MB group

contains both “C” and “P” type polymers. ANT propellant contains only “P”

type polymer. Each propellant group is further sub-divided into propellant

lots.

Test data were analyzed to test for similarities between propellant lots

within a given propellant group, as well as polymer type and carton type.

The following comparisons, directed by the project engineer, were performed

in support of service life estimation: 

~
__

~~~~~±•:_~~ ___~~~~~~ ~~~~~
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1. Compare lined and unlined cartons of Minutemau III Stagt~ [11

propellant manufactured by Thiokol. (ANT lined vs ANT on Lined).

2. Compare Aerojet Stage II lined cartons (ANB propellant group)

with Thiokol Stage UI lined cartons. (MB lined vs ANT lined).

3. Perform lot—to—lot comparisons for unlined cartons with ‘G’

type polymer from the AMA and MB propellant groups (AMA ‘C’ vs MB ‘C ’) .

4. Perform lot—to—lot comparisons for lined cartons wi th ‘P’ t ype

polymer from the MB and ANT propellant groups (ANB ‘P’ vs ANT ‘P’).

5. Compare unlined cartons with ‘G’ type polymer and unlined

cartons with ‘P’ type polymer from the MB propellant group. (MB ‘~~; ‘

unlined vs MB ‘P’ unlined).

6. Compare lined cartons with ‘G’ type polymer and lined cartons

with ‘P’ type polymer from the MB propellant group. (MB ‘G’ lined vs

ANB ‘P’ lined).

7. Perform lot—to—lot comparisons for each propellant  group wi th

.1 ~ I yen p~lymcr (ANA ‘C’ lots; ANB’ C’ lots; MB ‘P’ lo ts ;  etc. ,)

Propellant age is considered a possible source of bias in laboratory

test data. That is, part of the observed differences in a given test

response might be ascribed to propellant age. Because of the possible age

effect It is necessary to provide a means of analysis where the bias, or

age effect, could be rmuoved allowing an unbiased evaluation of the true

parameter response.

Analysis of covariance was chosen as the method to determine the effect

or ‘hignificance” of propellant age on the test response. The genera] linear

regression model, Y — a + b(Xjj), is modified for the analysis of covariance

by introducing a “correction term” into the model to adjust the data for the

average effect of the variable Xij. Propellant age was assigned to the

variable Xjj in this report. 

3—2
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StaLlarity among carton types and among propellant groups was determined

by comparing regression lines for each of the data sets. The purpose was

to e*amine whether the linear regressions of the test response on propellant

.~ge cou ld be regarded as the same. It is possible for the regressions to

dii for in slope, intercept or residual variance. Differences due to slope

~~t’~i hi  hod Icate dissimi tar aging characteristics among groups wh i l e  differences

d u e  in Intercept could indicate bias among the data sets. When the regre~.bIon

lines were statistically similar (slopes and intercepts were not significantly

different) the data sets were accepted as being equal and were combined to

prov ide an expanded data base. A “total” or composite regression line was

then used to estimate the aging trend for the combined data.

ANB 3066 propellant exhibits Incomplete curing and inconsistent test

results If aged less than 13 months. All data aged less than 12 months was

excluded from analysis in this report.

In those cases where test data from various carton types or propellant

groups could be combined , plots of the combined data and regression lines

Jrc provided. Carton types or propellant groups are differentiated on these

plots with different plotting symbols. These are shown in the applicable

test sections. In addition to the combined regression plots, plots of

individual group regression lines have been provided for each test parameter

where the regression slope is statistically significant.

Test data for JANNAP dogbones tested at 2.0 in/mm crosahead speed and

short 3/4” dogbones tested under 600 psi N2 at 1750 in/mm crosshead speed

were not subjected to analysis of covariance. Data from these tests were

compared by plotting regression lines for each group on the same graph to

3-3
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al low visual comparison of regression lines. In addition to these graphs,

Tables 10—1 thru 10—6 show regression statistics for each data group.

The results of the analyses performed are suninarized as follows:

1. MT lined and unlined cartons are significantly different for

all , observed test parameters .

2. MB and ANT lined cartons are significantly different for al]

observed test parameters.

3. MA and MB unlined cartons with the ‘G’ type polymer are

significantly different .

4. MB and ANT lined cartons with ‘P ’ polymer have significantly

different regression slopes. - 
- -

5. MB and ANT unlined cartons with ‘G’ polymer , and unlined car-

tons with ‘P ’ polymer show no similarities for observed test parameters.

6. MB ‘C’ lined cartons and MB ‘P’ lined cartons are signif I—

cantly different  for all observed parameters.

7 . Significant lot—to—lot  differences due either to regression siope - -

or intercept  are indicated for all propellant groups and tests with the

following exception :

Propellant lots are similar for the MB ‘P’ propellant from unlined

cartons on the tensile test at 0.0002 in/m m crosehead speed and stress

relaxation modulus at 10 seconds relaxation time. The results are shown

in Table 3—1.

I
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A comparison of the standard diviations for three major tests Is shown

in Table 3—2. The standard deviation is very high for ANJi “F” propellant

I row unlined cartons. ANT ‘u p” unlined cartons show a similar high

~t:~n~tard deviation, which Is reflected in the combinatloim of ANI3 “C”

and “F” and MB and ANT “P” unlined cartons .

A less consistent pattern of standard deviation is shown in the high

rate trLaxiai test. However, the combination of MB “C” and “P” unlined

cartons shows very high standard deviation.

Stress relaxation modulus also shows greater standard deviation for

unlined cartons of ‘u p” polymer which was used by Aerojet.

in summary, it may be concluded that the great variability in trend

lines shown in previous reports can be related to the fact that two

pol ymer sources wer e used In the manufacture of MB—3066 propellant, as

wet [ as two manufacturers. The greater variability of “P” polymer is

~upp.irent’ f rom Table 3—2. SInce t here are also lot—to—lot difference s

to reconcile, tt is not unreasonable to find that the standard deviat ton

is a f fec ted  by the lots tested .
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SECTION IV

VERY LOW RATE TENSILE

This test. uses a 1/2 InCh thick (1.27cm ) JANNA F dog hoiss . The spccinu’rcs

ar&’ testt-d at a cr osshead speed of 2 x io 4 in/mm (8.5 x i0 2 cm/see) 7 1 F

(250 ç) and ambient RH. Very low rate tensile testing is related to strain

Ca P. Ih I I i&y  for  storage at 60’F.

Lined cartons show a statistically significant decrease in strain at

rupture . This holds true for both polymer types and for combinations.

(Figntcs 4—8, 4—14, 4—20, 4—29 and 4— 35.) MaxImum stress and modulus are

statistically increased. (Figures 4—7, 4—13, 4—19 , 4—28, 4—p . and 4—9;

4—15, 4—21, 4—30 and 4—36) .

Maximum stress shows a statistically significant increase except for

tI uc combination ANA and ANEC unlined cartons, where the Increase is not

s i g ni f i c an t .  (Figures 4— 1 , 4—4, 4— 10, 4—16, 4—2 5 , 4— 3 1 and 4—32).

As previously noted , strain at rupture decreases s ignif icant ly in

lined cartons . Unlined cartons show a statistically significant increase

except for ANA where the increase is not significant. (Figures 4—5 , 4—11 ,

:~—17 , 4—23, 4—26, 4—32 and 4—2) .

Modulus is the least consistent of the parameters sincc unlined car—

tons show both increases and decreases which may be signil  icant or not

significant.

U nl ined cartons of “P” polymer have a lower strain at ruptur’e than “G”

polymer and show a greater standard deviation. Unlined cartons have” a

lower strain at rupture than lined cartons regardless of polymer type.
‘S. .

In sununary, lined cartons show greater consistency than unlined car-

tons with lower standard deviations..

4—1
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TABLE 4—1
VERY LOW RATE TENSILE

Signif icance of “t”

SYSTEM ____ — Sm Fig er Fig E l~ig

ANA C Unlined 
— 

Sig Inc 4—1 NS inc _ 4-2 _ NS inç . . _.4~-~~
ANII C Unlined 

— 
Sig Inc 4—4 Sig inc 4—5 Si~ dec 4—6

ANB C Lined SIg inc 4—7 S1g dec 4—8 Sig inc ~~~~
ANB P Unlined Sig Inc 4—10 Sig inc 4—11 Sig dec_ 4-12
ANB P LIned Sig Inc 4—13 Sig dec 4—14 Sig inc 4—IS
ANT P linli ned_ Sig inc 4— 16 Sig inc 4—17 Sig inc 4—18
ANT P Lined Sig Inc 4—19 Sig dec 4— 20 Sig inC 4-21
ANA & ANB G Unlined NS Inc 4—22 SIg Inc 4—23 Sig dec 4—24_
ANB G & P UnlIned Sig inc 4—25 Sig Inc - 4—26 SIg dec 4—27
A N B C I . .  P Lined SIg Inc 4—28 Sig dec 4—29 ~ SIg Inc - 

4—30 
-

ANB & ANT P Unlined Sig inc - 4—31 SIg Inc 4— 32 NS dec 
- ~~~~~ANR & ANT P Lined Sig inc 4—34 Sig dec 4-35 Sig inc 4—36 

-

4—2
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SECTION V

HIG iI RATE TRIAXIAL

(‘Ills test utilizes a spec imen 3/4 inch ( 1 ,9  cm) (il, r . a -  i a - v  5 m a - h a - a--

(L ~,7 cm) long. The spec imens are tested on the MTS at d a- :ra-)SSltCad spc’i’d

it 1750 in/ mm (74,08 cm/see) w i th  600 psi (-42 .18 kg/sq cia - a - )  Str~~1n rat --

is ( 000 in/ in/sec . These (-ondit tons simulate that of t Ia- i’ motor  a-St ign t I t i I i

‘(‘his test does not show the signif icant changes whh’i a - i r a - a-’ eha-i ra c t e r is t ia -

in t h e very low rate tensile test. No type or combination of types has

a- significant change in all parameters . ANT propellant shows a significant

increase in maximum stress and a significant decrease In strain at ruptur i -

Mod u lus shows a non— significant decrease (see Table 5—I),

Thea- most consistent statistical. feature of the test is t he l ower stand-

ard deviation of lined cartons c~~npared to unlined cartons, This cha ra-~ ter-

i a - c t i t -  is most noticeable In the standard dev -iatJa-on of muda- i Ia - a - s  whic h, i a - i

III ;IIIy cases, is less than ha l.f tha t of unlined cartons , Si to -c tha--tertn in~a - t i o n

of a consistent modulus has beer, a problem in high rate resting , the mw’h

reduced deviation in lined cartons seems all the more remarkable.

_  

5-1

-
~ . I

- a

-

- - -- _ _ _ a-- _ _ _ _ w — -a-- ’ —----a-- -a-- - - ‘a - - —--- ---- ‘a-a---—’---’ -—-— ---— —--- ---—-a--— -a--- ’-- - ‘ a-— - -a-——



- — ,_a-,a-- a - ,,,, ,, a- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ a- 
a-T ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ a- ’- ’-” 

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

TABLE 5-1

HIGH RATE TRIAXIAL
Significance of “t a-’

______ 
Sm Fig er 1”~,m:~ ~‘

\~~\ ( i h ~~~~~~d NS dec 5-i NS Inc L~ I I ~~ 1 1~-~A N R ( 1!n lined 
- 

NS inc 5—4 Sig Inc
A N i ~~G Lined —____ - 

NS inc 5—7 NS dec ‘~-8 ~~~~~~~i
’
~~~~ 5’-9~

,-\:~ R I’ Unlined NS inc 5—10 Sig Inc 5 - 1 1  Sig dec f 5-T~a-
A N R P Lined NS inc - 5—l3 NS dee 

- 5-14 Si g_ir~~ ‘T~T~
AN 1a- P unlined 

- 
Sig inc 5—16 “

~ ‘ T e’~T 3’~
’
~iT ’  ‘N~ dec 

--

Lined 
— 

Sig in-cc 5—19 Sig dec - 
5-~

’O NS dec 5 -7i1
I a - \ N A & A NB G Unl ined  “

~‘S dec - 5—22 Sig Inc ~
‘‘3’-~T N~ dec

a- ”a - a -~ R C & P  Unl ined  NS Inc ‘ 5—25 Sig inc 
~~~~

‘

~~

‘

~~~~~

‘

~~

“ Sig de ’
AN iu G & P Lined NS inc a 

-5—28 NS dec ‘T 5—-29 Sig in ~~~~
’ ’5’

~ 3~~
ANI ~~& ANT P Unlined 

- NS dec ’ 5—31. Si g dec ~~~~~~~~~~~~~~~~~~~ NS dei - a- -~“ T31

A !a-I Iu~~~~ANT P LIned Sig inc~ ~~~ 
Sig dec I ’

~
-’
~
’ 

~~~~~~~~~~~~~~~~~~~~
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SECTION VI
STRESS REIAXATI:IN

An end—bonded 1/2” x 1/2 ” x 4” bar (1,27 x .27 x I U.16  t :iia - ) Is taa-sted

on the stress relaxometer a- Load is applied at 2 in/m m (J)P5 ca -n/sec) a -

‘Ia- lin ing begins when load Is applied ,, Spec imens are strained at 1%

‘[‘la-c’ use of 1% s t ra in  over th e  range of te inperorurtn i  w a - a - s not  Lntrod uC ’L ’d

h a-to t i le t eSt  program un t i l  Phase 3 of Minuteman III testing ~ind [‘ha-a-st B

Series 2 for Minuteman II. Master Curves (Figures 6—1 thru 6—7) show that

the temperature shift is not linear and deviation from linearity is most

marked at elevated temperatures, There is very little cona-~istenCy ‘.fl the

super—positioning . For example, ANA (C Propellant) unlined cartons , cor—

responds well with ANT (P Propellant) lined cartons , This agreement is bet—

ter than between lined and unlined cartons of the same typea - There is bettc a-r

agreement at elevated temperatures than at cold temperatures , where the

dIfferL-ncCs are noticeable with all systems ,

In general , streHs relaxation modulus shows a s i gn i f i c a n t  i ui: ra - - ; a - :; a - -.

The exception is Pa-NB ‘G a -  which shows a s ignif icant  decreasc ,  (E ’ igurcs  6—1 ( 1

and 6—11) which holds when combined with ANA (Figures 6—22 and 6—23)a-

When gradient stress relaxation is run there is a definite bias between

ANB and ANT propellant with MIT (P polymer) showing a higher modulus , The

minima exhibited by both ANT and ANB occurs at 2,2 inches from the liner

(Figure 6 32) a-

- 
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TABLE 6—1

STRESS RELAXATION
Significance of “t a- a-

SYSTEM n 10 sec Fig 1000 sec ~~ Fi~_

ANA , C; Unlined 39 Si8 Inc 6—8 Si8 ia-_iC , ~ 6—9
ANB C Unl ined  114 Sig dec. 6—10 Si8 dcc ~ (a - - ] ] .

ANB C Lined 36 NS dec 6—12 NS inc h—fl
ANB P Unlined 84 Si8 Inc 6—14 Sig in a- :  (a--i _i a-

ANB I’ Lined 33 Sig Inc 6—16 Sig Inc : (a-— 1 7
ANT P Unlined 108 NS ins. 6—18 NS inc 6-1 Y
ANT P Lined 57 Sig inc 6—20 Sig inc ~ 6—21
ANA & ANBC Unlined 153 Sig dec 6-22 Sig del- 6—2 3 a-

ANB C & P UnlIned 198 NS inc 6—24 NS dcc 6—25
ANB (; & P Lined 69 NS inc 6—26 Si8 ira-c 6 2 7
ANB A ANT P Unlined 222 Si8 Inc 6—28 Sig ira - c 6— 2 ~)
ANB & ANT P Lined 141 Sig Inc 6—30 Sig inc 6— 3 !

a- 
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SECTION VII

THERMAL COEFFICIENT OF LINEAR EXPANSION

Thermal coef f icient of linear expansion (TCLE) is run  on t h e  l)ti1 oi~t

490 1’MA using an expansion probe . The specimen used Is a w a f e r  approxi—

ImItt ’ly 200’ (.508 cm) thick by 33” diameter (.84 cm) .  The spec imen i~;

(~Ot)I ed w it h liquid nitrogen to —ll0’C then heated at 5 C/miri to 40C and

the glass point (Tg), TCLE below Tg and above Tg are determined .

In the past, TCLE above Tg has been obtained from a line extrapolated

fr om — l l O ’C to plus 40 C. This has resulted In high values of TCLE . Th er—

mal expansion of propellant is not linear and varies considerably when de-

termined in 20 increments from Tg to 40’C. The average value from incre—

mental values is now being used and previous data is being revised to re—

f leet this change as well as to enter data from recent testing .

~-ased on available data , unlined cartons show a signif il -ant increase

in TCI.C w i t h  a decrease in glass point . Regression ana1y ~-~is  w1I~ be g lvC-u

in ( lie next report.

_____ - -~~~~~~~~~~ - - 
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SECTION VIII

CASE LINER BONDS

Cartons of propellant were l ined with SD—851—2 liner/V45 rubber . in

the preparation of the cartons, liner sometimes penetrates tite propellan t

to a depth of 0.5 inches. Irregularities are most apparent on outer sur-

faces, and corners may be particularly affected by curvature of the in—

sulat ion.

Liner color varies from a pale buff to a deep pink w h i c h  apparent].y

develops from the anti—oxidant used. In general, the pink liner tends

to be sticky and strings Out in tensile testing .

Aerojet did a study of 44 manufacturing variables to determine those

which had a significant effect on liner bond strength. According to their

report (MvS— l, June 76) several factors had a statisticall y significant

effect on bond strength. Initial high bond strength and low insulation

moisture content usually mean a longer time to degradation of the liner

bond .

Constant load tensile and constant load shear data from several test

periods have been su~ narized in Table 8—1 . Tensile stress t o  cause failure

in 100 minutes is slightly less than in the previous report , but above the

23.1 psi alert limit for storage for Stage II. Shear stress to cause failure

at 100 minutes is slightly greater than in the previous report and is above

the alert limit of 15.4 psi. Regressions are shown in Figures 8—1 through

8—4. 

8—1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Mini—OPT data are given in Tables 8—2 and 8—3. These data have not

been subjected to regression analysis. In many of the specimens two

m.-ixinnoccur and maximum stress may be early or late in the test. There

does not appear to be any correlation between maximum stress, time to

failure and type of failure.

Moisture in insulation has shown much variability and results have -

not been subjected to statistical analysis. This is also true of liner—

swell ratio.

8—2
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TABLE 8-2
Mini—DPT Stage II

S/N Lot DCfl Test Data S~ (psi) tm (mln)

AA21024 052G 72207 77046 28 - .24
16.2 . 165

AA21036 052C 72244 77046 42.5 .04
58.6 .371

AA21062 053G 72294 77046 64.4 .302
61.9 .294

AA21071 053C 72307 77046 82.78 .125
102.1 .075

AA2 1462 066P 76008 77046 72.3 .076
87.1 .059

AA21448 067P 75307 77046 59.5 .05
47.3 .188

AA2 1465 067P 76020 77046 90.5 .063
96.7 .044

AA21140 054P 73121 78139 77.5 .06
66.96 .185
65.89 .234
69 .07 .27

AA2]148 054P 73150 78139 50.0 .235
55.5 .035
64.57 .04
56.5 .041

AA21329 062P 74196 78139 67.86 .315
61.58 .225

- 
68.0 .249

- 74.5 .387

AA21343 062P 74225 78139 58.74 .20
68.03 .046

- 61.53 .05
65.8 .266

AA21379 063P 75073 78139 79.4 .132
90.2 .051
73.26 .136
74.35 .160

8—8



TABLE 8—2 (cont)

S/N Lot DO1’l Test Date Sm (psi) i~jm i-n)

M21 360 063P 74267 78139 46.49 .27 ~
62.71 .208
60 .16

AA21459 068P 76005 78139 77.8 .048
97.29 .054
86.6 .09

AA21493 068P 76188 78139 104.15 .062
89.20 .169

109.14 .05
90.86 .049

AA21522 069P 77018 78139 102.06 .062
91.88 .056
87 .37 . 104
81.4 .077

AA21547 069P 77129 78139 86.23 .117
78.67 .044
81.73 .05_I
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TABLE 8-3
Mini—DPT Stage III

S/N DOM Test Date S~~(pai)

7240019 72221 77053 56.7 .328
62.3 .352

7240454 72247 70053 61.5 .197
61.9 .053

7110013 72282 77053 96.0 .176
87.5 .189

7110048 72300 77053 83.6 .156
81.1 .120

712003 72335 77053 95.6 .057
105.3 .061

7120036 73070 77053 81.8 .054
86.6 .056

7130002 73115 77053 76.7 .245
78.9 .237

7130018 73144 77053 121.3 .075
114.1 .079

8190011. 73241 77053 89.9 .242
90.3 .054

8190038 73291 77053 81.3 .22
84.2 .185

8250011 75337 77053 119.2 .066
102.2 .065

8250022 76022 77053 105.7 .061
105.9 .062

8200010 73339 78080 52.34 .054
70.0 .09
75.75 .035
56.99 .138

8200037 74038 78080 80.0 .059
84.08 .375
76.52 .157
64.94 .126

8—10
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TABLE 8—3 (cont)
MinI—DPT Stage 111

Test Date Sm(psl) t m (lflj fl)

8220014 74255 78080 79.36 .045
71.4 .126
84.49 .038

8220030 74296 78080 84.32 .129
85.71 .126
90.06 .076

8230008 75027 78080 97.94 .062
94.75 .031

8230031 75099 78080 89.79 .099
67.41 .062
93.59 .077
79.72 .076

8240028 75212 78080 95.72 .041
97.6 .051

- 69.5 .111
83.47 .095

8240042 75295 13080 104.54 .039
42.0 .089
93.59 .077
84.24 .164

8260007 76190 73080 85.6 .096
98.54 .073
113.4 .041
88.29 .077

8260032 76315 73080 88.6 .40
83.24 .10
101.43 .066

S

8—11

__ __ _ _  _ _



SECTiON IX

HARDNESS

A SIk)rt’ A I)u rometer Is used to take I nit :11 and 10 ~~~ 
- - nd rc’:i.l i ii

doghonc ends.

Unl ined cartons of ANB(G) propellant show a significan t decreas& in

hardness, but lined partons 8how a significant increase. ANB(P) p r o p e l—

lant shows a significant increase in hardness for both unlined and lined

cartons. ANT (P) lined cartons do not show a significant change w h i l c -  t h e r t -

is a significant increase for unlined cartons. ANA(G) C3TtOfls show a sig—

nif leant increase. Usually the intercept is higher for unlined cartons

than lined cartons and the standard deviation (Sy) is greater .

A small scale comparison of hardness data was made between G and P

polymer blocks, taking the first reading on the uncut surface o the car-

ton. These data are shown in Tables 9—1 and 9—2. Each value Is an aver - ~g i-

of five readings, using both sides of a dogbone. The cut-ting plans for

lined and unlined cartons differ (see drawings A—i and A-~ ). (Drawing A -3

shows the cutting plan for Thiokol’s unlined cartons). Therefore , a t r ui -

gradient exists only in the unlined cartons. The data do not reflect .-~

trend, and in san e cases, surface hardness is less than for the interior

of the carton. No categorical statements can be made from this data , sf ii e

there are differences between the two types of polymer ard between l ined

and unlined cartons.

9—1
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TABLE 9— 1

HARDN ESS - 10 Sec

UNLI NE D CARTONS
GTR Polymer

AA20850 64.2 63.9 62.8 62.2 62.0 63.9 6 2 . 9
20855 62.4 61.8 61.0 61.2 60.8 60.5 6 1.9 6 1 . 2
20862 61.8 66.0 65.0 65.0 64.4 65.0 64.8 65.1)

AA20867 64.0 69.0 68.5 68.9 68.0 66.8 66.3 6 7 . 9
20872 66.4 68.9 68.1 69.4 68.2 67 .0  67.7 68. ’
20879 65.2 68.9 67.5 67.8 68.3 67.0 68.0 67 . i

AA20939 66.6 71.6 70.4 70.6 71.0 70.0 70.0 70 . 6
20951 70.4 70.3 70.3 71.0 70.3 70.3 70.5 70 .5
20964 67.4 68.7 68.2 68.7 69.0 68.3 69.5 68. 7

UNLINED CARTONS
~hil1ips Polymer

Av€-r;igc ihr
Surface 1 2 3 4 5 6 The Blocks

AA20238 78.6 73.7 68.3 68.0 69.9 70.5 72.8 70 .5
20243 80.6 71.5 67.8 68.0 69.3 68.5 7 1 . 3  69.3
202 5 () 81.4 7 2 . 2  67.7  67.5 75.8 66.7 70.7  1 0 . !

AA2 02 55 76.0  68.7 66 .2 66.7 68.5 69.5 10J~
20262 76 .2  68.7 69.2 66.2 67 .7  69 .()  66 .9
20285 78.2 67.7 65.7 64.0 64.3 67 .5  69 .5  66 .5

AA2027 1 71.8 63.2 62.0 61.8 64.9 64 .2  64.9 63 .5
20298 66.6 61.2 62.3 60.8 63.5 63.0 64.1 62 .5
20312 66.6 61.4 61.6 61.9 64.3 63.8 63.2 62. 7

AA20611. 68.8 69.0 68.9 69.7 70.2 70.5 72.0  70.0
20627 73.8 70.4 70.0 70.0 71.4 71.2 71.8 7 1 . 4
20659 76.6 70.4 70.0 69.2 70.7 71.3 72 .9  70.8

AA20704 68.2 68.7 67.2 68.9 67.4 68.5 69.4 68 .4
20712 68.0 69.9 69.2 69.6 68.4 68.7 67.7
20715 71.4 71.0 71.1 68.5 68.0 68.4 69.4 69.4

AA20814 72.8 71.8 68.2 67.2 66.4 66.5 71.0 68.5
20825 70.4 70.4 66.9 65.6 66.0 69.0 70.2
20844 71.4 71.2 70.3 69.3 66.5 68.0 68.9 69.!)

9-2 
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TABLE 9-2

HARDNESS — 10 Sec

LI NED CARTONS
GTR Polyme r

Ave ragc tOr t

Surface 1 2 3 4 5 6 The Blocks

AA21117 67.0 68.3 68.7 66.0 69.3 69.2 69.3 68.3
21128 69.4 70.0 70.0 69.8 67.5 67.7 67.5 68.8

AA21234 71.6 69.6 70.2 70.0 70.0 70.0 70.4 70.0
21245 69.6 69.6 69.0 69.8 69.8 69.7 69.5 69.5

AA21256 69.4 69.9 69.5 70.0 68.6 67.4 67.5 68.8
21282 66.8 67.5 67.0 66.8 67.5 67.5 67.5 67.3

AA21294 65.6 68.4 67.8 67.6 68.3 67.0 68.0 67.8
21317 65.6 66.5 66.5 66.7 66.3 66.2 66.5 66.4

LINED CARTONS
Ph illips Polymer

AA21084 73.4 71.8 71.6 71.8 72.0 71.~ 1 2 . 4

21101 66.8 68.0 67.2 68.6 68.0 68.2 69.0 68.2

AA21194 70.2 70.8 69.0 70.2 70.5 71.0 70.5 70.1
21211 69.2 69.4 69.5 68.8 68.9 68.9 68.6 69.0

AA21306 61.6 62.8 63.2 62.5 62.4 61.8 62.0 62.4
21326 59.4 65.2 65.0 65.0 64.2 65.0 64.4 64.8

— . _ ~~~~~~~~~~~~~

-- - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _



r~~ 
‘- —- 

- 
~~~~~~~~~~~~~~~~~~~~ . - - - - - - - :L~~~:~~~~~~~~~~~~~ T :  ~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

~~~~ Th ~\
\ \ \ \  \ \~~~~~~ ~

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

~~ ~~~~~~~~ ~~~ I
~~~~~~~ ~~~\ \  )~~~~~~~~~~~~~~~X ~~~ ~~ ~~-i~ ,- \ \ \ I ~~

- II N-..& I \ s’ ~ \ 0 “~• ~~ ~~

~~~_ ,5 
\ \ v_~

_ __ _ _
~ -_.__-d~,_,I__-___7/ \ ~ O1~~44 ~~~~~~~

(~ ..-

~~~i 
S —i ‘4-4~~~O

,t~ 
-
‘ 

(-I--I ~~ ~ 
0

~~~ - - - S 
~; Q) ::

\ ~~~~~\ ~~ ~

~; - ----- 
~
-. ‘~:± 

- \ 

\ 
.

~ .~
- ~ ~4 E

‘-- — ——— c— -~
. w ~~;~

. — --— --— - --- \~ n o
\ ~~~~~ t4~4

~;. -

/‘~\,~) t3. .- -~~ 

-. 

—.-.

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

- :-•--
- 

~~~ ~~~~~~~~~~~~~ ~~~~~ 
—- 

‘
\
\ Y: ~~~V ~~~ 
\ 

- S  ~~~~~~~~~~
- - - I

; 

~ ; 

~~~~~~~~~~~~~~~ 
:~ ~~~~~~~~~~~~~~~~~~~~

~~~ ~~~~~~~ 
:z_ /~~~~~

-;-
~ ~

U
~~~~ \ A ~~~

.. / 7- 
.
~~~~ \ ,, \\

\ / \\ /
~ II \\ I /

(j) \ II ~\ I

V’ n -  ~~
~~~~~

S ~-I ~~ ~~~~~~~~~~~~~~~~ -- 
~~~~~ / / x
\ / — -. /
\ / /

9—4

_ _ _ _ _ _ _ _  
_ _ _ _ _ _



— — ~~~~~~ — -------~-- ~—----- -------- -. --------v---- - --- — - --- --- -
~
: -

~~~~~~~~~ ..~~~~
-- ~~~~~~

t .4~ Lr~

Q Q

-
~~ \ / \ :

~~ / ~~~~
/ 

\ 

- - 

‘

~~~~~~ / /~~~~~~~~~~\\

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ !!;
- v :  ç~~~~ 74~~~~1s

/~
- 
\ / 

/ 

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

/2 // /
‘c:~\\:;\\ 

-

~~~~
- 

~~~~~~

(
/ - - 

/ ~~~~~~~~~~~
// ~~~~ ~~~~~~~~~~ 

,

- /
‘ ~~ 

/ 
- 

~~ 
~
,/

/ I
, 
/ 

/ ~~ 

, 
2

I / z 
-
,

~~ 0 
/ 

/ 
_ /  / / -, - I- 

- ~ /



— ---—----*-- - - -  ----
~
- - - --

~~
----- - - ~~

t— -___
~

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

.--- --——
~~—--—-- — - --

r 
- - -  —

~~~0

‘
I _

/ 1  
\~~~

_
_

/ // — \~

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

-

/ I ~ 
~~~~~~~~~~~~~~~~~~ 

ii
/ c~

. - c~~ ~~ ~~~~~~~~~ \— ---
~ - ‘?

- / 
__~~~~ \‘  

A~ ~~ ~ ~c 0

~\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~

-

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

- -

~~~~~~~~~

- 

~~~~~~~~~~ 

I ~- 
-
~~

- 
- :~ 

-
~/ - - i~~~~~

_
~~~~

- 
- -: 

- -

\ 
- //4~~i J / 

C

/ 
-
~~~~ -

~ -
-
~

- - 
:-

‘ /- ~~~~~

-

‘

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

\ 

\t ~1i~~~~ —_-—-1—-- - -
~

-—— 1-

i

I 

~~~~ 1

9—6

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



______________ -

SECTION X

OTHER TENSILE TESTS

A. lOW RATE LJNIAX IAL TESTS:

l.ow rate uniaxial tests arc routinely run on ANB—3066 pro 1 el[an l -

Standard JANNAF specimens are tested on the Tn str on at 2 in/n m (.08 ’~7

cm/see) at 7 7 F  (25 C) .

Three parameters: max imum stress, strain at rupture and modulus

were chosen for multiple regressions. There are two plots for each

parameter; one comparing ASPC ‘C’ polymer wi th Th iokol ‘P’ polymer arid

the other comparing ‘P’ propellants with ANA ‘C’ as a base line (Fig-

ures 10—1 thru 10—6). Regression information is given in fables 10—1

thru  10—3. 
—

Except for ANB ‘C’ lined cartons and ANB ‘P’ unlined ta r t uns t h - r ~-

is a significant change in maximum stress. These two t~- p - ~ i-i t i n t  ~~h t ’~-

a signifi cant change In strain at rupture or in modulus.

B. M0I)IFIED DOGBONES:

Modified dogbones with 3/4” CL are tested under 600 ~~ nitrogen

pressure (42.18 kg/cm2) at 1750 in/mm (74.08 cm/see).

A comparison similar to that for low rate tensile was math— on the

data (Figures 10—7 thru 10—12 and Tables 10—4 thru 10—6). ANA ‘C ’ Un—

lined cartons and ANB ‘P’ lined and unlined cartons show significant

changes in all three parameters. Other types showed a sign i f i c a n t

increase in modulus.

10—i
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