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ABSTRACT

This report contains test results from L~~— 3O F and G , Stage II

and Stage III propellant . Data are shown in linear regression plots .

The differences between polymers used in the propellant are

shown in the composite plots for very low rate tensile , high rate

tensile and stress relaxation data and is most evident in gradient

stress relaxation modulus.

Case liner bonds continue to show significant degradation al-

though the rate of change has slowed.
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GLOSSARY OF ABBREVIATIONS AND TER~~

Aging Trend A change in properties of performance resulting
fr om aging of material or component

MA Aerojet Propella nt , Stage III ( AND 3066 Formulation )

ANT Thioko l Propellant , Stage III ( AND 3066 Formul ation)

AND Aerojet Propellant , Stage II ( AND 3066 Formulation )

ASPC Aerojet Solid Propulsion Company

CSA Cross Sectional Arei

DB Dogbone

Degradation Gradual deterioration of properties or perfo rmance

E Modulus (psi), defined as the slope of the line drawn
tangent to the initial linear portion of the curve

End Bonded

EGL Ef fective Gage Length

em Strain at Maxim-inn Stress (in/in)

er Strain at Rupture (in/ in)

“F” ratio - The ratio of the variance accounted for by the regression
function to the random unexplaine d vari ance . The regres-
sion function having the most significant “F” ratio is used
for plotti ng data. The ratio is also used in detecting
significant changes in random variation between succee ding
time points .

JANNAF Joint Army , Navy, NASA, Air Force Committee

MANCP Propellant Laboratory at OOALC

OOALC Ogden Air Logistics Center

Post Curing Period up to 12 - i.6 months after manufacture
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GLOSSARY OF ABBREVIATIONS AND TERMS (CONT.)

Regression The general form of the regression equation is
Y — a + bx

Regression Line representing mean test values with respect
Line to time

Sb Standard error of estimate of the regression
coefficient

Se or S,~. ~ 
Stand ar d dev iation of the data about the regression
line

Maximmnn Stress (psi)

Sr Stress at Rupture (psi)

Standard Square root of variance
Deviation C S )

Strain Rate Crosshead speed divided by the ECL

Thiokol Thiokol/Wa satch Division

“t ” Test A statistical test used to detect significant
differences between a measured par ameter and an
expected value of the parameter (dete rm ines if
regression slope differs fr om zero at - the 952
conf idence level)

Var iance The s~~ of squares of deviations of the test
results from the mean of the series after
division by one less than the total ninnber of
test results

3 Sigma Band The ar ea between the upper and lower 3 sigma
limit. It can be expected that 99.732 of the
inventory represented by the test samples would
fall within this range assuming that the population
is normally distr ibuted.

90—90 Band It can be stated with 90% confidence that 90% of
the inventory represented by the test samples
would fall within th is rang e assuming that the
popu lat~ou is normally distr ibuted. 
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SECTION I

INTRODUCTION

A. PURPOSE:

The purpose of testing ANB-.3066 propellant, used in Minuteman II

Stage II and Minuteman III Stage II and Stage III, is to nonitor and

evaluate aging effects on thi s propellant which will contribute to the

operational motor serviceabili ty pr~~iction . Testing was performed

according to General Test Directive (~fD—2C , Amen~~ent 1, and !‘94WRM

Project M03677C/WNL915141.

B. BACKGROUND:

Service life testing of ARB—3066 carton propellant from Aerojet

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

III StageIll was transferred to Thiokol , the propellant samples from

both Aerojet and Thiokol were tested. As lined cartons were produced ,

these were tested adding propellant liner bond specimens to the pro-

gram. This report contains data from all these sources for prop ellant

aged 13 to 1147 months .

Although many of the par ameters tested indicate signi ficant aging

trends , only case liner /insulation bond strengths appear to be approach-

ing the alert limit. Significance tables for aging trend lines are

given in the resp ective secti ons of the report .

Statistical ana lysis is shown in Section III .
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SECTION II

TEST PROGRAM

Cartons representing raw material combinations were subjected to a

random selection pr ocess designed to test all material lots within a two

year-four test periods interval . When pr opellant cartons have been aged

one year , they are added to the test program.

Propellant cartons are identi fied by source of manufacture. Stage II

and III propellant manufactured by Aerojet Solid Propulsion Company is

identified as ANB arid ANA respectively. Thiokol Comp any Stage III propel-

lant is identi fied as ANT . All regressions use 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-

pliers for polymers for Stage II propellant , “a” polymer manufactured by

General Tire arid Rubber and “P” polymer from Phillips. In this report

the two polymer types have been treated statistically.

Lined and unlined cartons of A1~B have been combined in regression

analysis for comparison purposes and. cover the time span from 12 through

1147 months .

The physical-mechanical tests whi ch relate directly to stress analy—

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

conditions , and high rate rails tested under pressure relate to ignition.

Stress relaxation modulus also relates to storage conditions . Thermal

coefficient of linear expansion reflects so~~ of the thermal stress to

which the motor is exposed.
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Low rate w,.ie.xial tensile tests and hardness are routine tests

for all propellant . These dat a were subjected to statistical analyses

in the last report. Poisson ’s ratio and cohesive tear ener~ r tests

have been applied to only a portion of the cartons . Data from these

tests has been ana lyzed for this report .
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SECTION III
STATI STI CAL SWQ~ARY

Data analyses of all propellan t tested by MANCP having the MB

3066 formul at ion are contained in this report. MB 3066 propellan t is

divided into three grou ps , each group pertaining to a specific rocket

motor application . These propellan t groups are further classified with

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

The two manufa cture rs of MB 3066 polymer are General Tire and Rubber

(‘ C ’ type) and Phillips (‘p ’ type) . The three propellan t group s are - A

designa ted in this report as follows:

Code Polymer Type Manufacturer and System App lication

MA G Aeroj et: MINUTEMAN III , Stage III

MB G and P Aerojet : MINUTEMAN II , Stage II

ANT P Thiokol: MINUTEMAN III , Stage III

Prope llan t specimens for the MA group were taken from unlined car tons

and contains only “C” type polymer . Specimens for the MB and P.NT groups

wer e taken from unlined cartons and also from car tons having a simulated

cas e liner along one surface of the carton . Propellant f rom the ANPI group

contaiu~s bo th “C” and “P” type polymers . ANT propellant contains only “P”

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

lots .

Test data from each prope llant grou p have previously been analyzed to test

for similarities between prop ellant lots with in a given propellan t group , as

well as polymer type and car ton type . The results of th ese analyses indicated

statisticall y significan t differences in the test data which prec lude combining

3 - 1
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data from different groups , lots, or cartons . (Ref MANCP Reports 374(77) and

398(78)).

The statistical approach used for this report was to characterize the

aging trend for each test parameter using linear regression analyses .

Regression techniques were used to study a particular test response as a

function of propellan t age. A simple linear regression model of the form ,

V a + b(X1), was us ed by assigning propellan t age to the variable in
0

the model . -

Separate regression analyses wer e performed for each propellant group

and sub group; i .e. , for a specific carton type within a given polymer and

prope llan t group. Regression plots have been included wher e the slope

of the regression line is significantly different from a line of zero

slope. Tables providing a su ary of the significance or non—significance of

- - the regression analysis for each test parameter are included in an appropriate

section of this report for each test conducted . Table 2—1 provides a su~~ary

of means and standard deviations for all tests on each propellant gro up and

sub group.

Several regression analyses were performed on combined data from var ious

carton types and propellant groups. Car ton types and propellan t groups are

differentiated on the plots for these analyses by using different plotting

symbols. Regression plots of these combined or “composite” data are

included in this report solely for comparison with corresponding plots from

the last test period. (Ref . MANcP Report 398(78)).
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SECTION IV
VERY LOW RATE TENSILE

This test uses a 1/2 inch thick ( 1.27cm) JANNAF dogbone. The specimens

are tested at a croashead speed of 2 x l0—~ in/sin (8.5 x io 2 cm/sec) 77°F
(25 •C) and ambient I~~. Very low rate tensile testing is related to strain

capability for storage at 60°F.

Lined cartons show a statistically significan t decrease in strain at

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

(Figures 4—8 , 4—14, 4—20, 4—29 and 4—35). Maximum stress and modulus are

statistically increased except for MB C where the trend is not significant.

(Figures 4—7 , 4—13, 4—19, 4—28 , 4—34 and 4—9; 4—15 , 4—21, 4—30 and 4—36).

Maximum stress shows a statistically significant increase in fewer cases

than in the last report. (Figures 4—1, 4—13, 4—16, 4—19, 4—28, 4—3~L and 4—34) .

The trend is not significan t for MB C and MB P unlined and MB G lined and

combinations of these. (Figures 4—4, 4—7, 4—10, 4—22, and 4—2.5) .

As previously noted, strain at rupture decreases significantly in

- lined cartons . (Figures 4—8 , 4—14, 4—20, 4—29, and 4—35). Unlined cartons

show a statistically significant increase. (Figures 4—2 , 4— 5 , 4—11 , 4—17 ,

4—23 , 4—26 , and 4—32) . Unlined cartons hav e a lower strain at rupture than

lined cartons for both polymers (see Table 1~~l) .

~t dulus is the least consistent of the parameters since unlined car tons

shoii both increases and decreases which say be significan t or not significant.

Lined cartons of “P” polymer show a significant increase.

In s~~~ary , lined car tons show greater consistency than unlined cartons

with lower standard deviations .
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TABLE 4—1
VERY LOW RATE TENS ILE

Signifi cance of Regression Slopes

SYSTEM Sm Fig er Fig E Fig

MA C Unlined Sig inc 4—1 Sig inc 4—2 NS 4—3
MB G Unlined NS 4—4 Sig inc 4—5 Sig dec 4—6
MB G Lined NS 4—7 Sig dec 4—8 NS 4—9
MB P Unlined NS - 

4—1.0 Sig inc 4—11 Sig dec 4—12
MB P Lined Sig inc 4—13 Sig dec 4—14 Sig inc 4—15
ANT P Unlined Sig inc 4—16 Sig inc 4—17 Sig inc 4—18
MT P Lined Sig inc 4—19 Sig dec 4—20 Sig inc 4—21
ANA & MB G Unlined NS 4—22 Sig inc 4—23 Sig dec 4—24
MB G & P Unlined NS ‘+—25 Sig inc 4—26 Sig dec 4—27
MB G & P Lined Sig inc 4—28 Sig, dec 4—29 Sig inc 4—30
MB & ANT P Unlined Sig inc 4—31 Sig inc 4—32 Sig dec 4—3 3
MB & ANT P Lined Sig inc 4—34 Sig dec 4—35 Sig inc 4—36

NS = Not significantly different from zero slope
Sig Inc = Positive slope
Sig Dec Negative slope
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SECTION V

aia~ RATE TENSILE

A. HI~1~ M~~ TRIAXIAL :

This test utilizes a spec~~en 3/4 inch (1•9 CI) CL rail by 5 inches

(12.7 cm) lOng. The specimens are tes ted on the ~~S at a crosshead speed .
of 1750 ia/~i~n (74.08 cs/sec) with 600 psi (42.18 kg/sq c~)• Strain rate

is 1000 i~/in/~1n• These conditions simulate that of the n~ tor at ignition

There are a greater nt ber of significant trends than in the last

report. Lined cartons of “P” pro pellant show significant trends for all

parameters Unlined cartons do not show this consistency with almost one—

third of the regressions being not significant (Table 5—1).

The most consistent statistical feature of the test is the lower stand—

ard devia tion of lined cartons compared to unlined . This character—

istic is most noticeable in the stan dard deviation of ~odu1us which , in

many cases, is less than half that of unlined car tons . Since determination 
-

of a consisten t modulus has b een a problem in high rate testing, the much 1
reduced devi ati on in lined cartons seems all the more restarkable. ~ -

B • RIQi RATE DOc~~ONES a ~ -

This test - is per formed under the saae conditions as the rail speci~ era~ . ~

The speciaens are shortened dogbonee with a nominal gage length of 0.75” . ~

A~ll aystems ah oy a significan t increas e in ~aximui~ stress and odulus • :
Only PaNT P i~d J~NI G liflad car tons do not shah a significant decrease in . -

strain at rupture (Table 5—2) .
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TABLE 5—1

aIcE EATE TRIAXIAL

Signifi cance 0±’ Begression Slopes

SYSTEM Sm Fig er ~ ~~ig E Fig

ANB G Unlined NS 5—1 Sig inc 5— 2 NS 5—3
ANB G Lined NS 5—4 NS 5—5 Sig inc 5—6
ANB P Unlined Sig inc 5— 7 NS 5— 8 Sig dec 5— 9
ANB P Lined Sip inc 5—10 Sig dec 5—11 Sig inc 5— 12
ANT P Unlined Sig inc 5—13 NS 5—14 MS 5— 15
ANT P Lined Sig inc 5—16 Sig dec 5—17 Sig inc 5—18
laNA & ANB C Unlined NS 5—19 Sig inc 5—20 Sig dec 5—2,].
ANE G & P Unlined Sig~ inc 5—22 Sig inc 5—23 NS 5—24
ANB G & P Lined Sip inc 5—25 Sig dec 5—26 Sig inc 5—27
A.NB & ANT P Unlined NS 5—28 Sig dec 5— 29 NS 5—30
A.NB & ANT P Lined Sig inc 5—31 Sig dec 5—32 Sig inc 5—33

TABLE 5—2

RI~~ RATE DOGBONES

Significance of Re~~’ession Slopes

SYST~~4 Sm FiA~ er Fig ~ ______

ANA G Unlined Sig inc 5—3I~ Sig dec 5—35 Sig inc 5—36
ANB G Unlined Sig inc 5~ 37 Sig dec 5—3 8 Sig inc 5—39
ANB G Lined Sig inc 5— 1~O NS 5-J~l Sig iflC 5—~2
A~NB P Unlined Sig inc 5—43 Sig dec 5—4~ Si& inc 5—45
A~NB P Lined Sig inc 5—46 Sig dec 5—4 7 Sig inc 5~ 1~8
ANT P Unlined Sig inc 5—49 NS 5—50 Sig inc 5—51
A1~T P Lined SiR inc ~ 5— 52 NS 5—53 Sig inc 5— 54

NS Not signi ficantly different fr~~ zero elope
Sig inc — Positive slope

a 
‘ Sig dec = Negative slope IL
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SECTION VI

STRESS RE LAXATI ON AND STRAIN DILATATION

A - STRESS RELAXATION : 
-

An end bonded 1/2” x 1/2 ” x W’ specimen (1.27 x 1.27 x 10.16 cm) is

tested on the stress re1axc~eter. Load is applied at 2 in/mm (.085 em/sec).

Timing begins when the load is applied. Specimens have been strained at

both i% and 3%.

The use of 1% strain over the range of temperatures was not introduced

into the program ~~ti1 Phase 3 of Minuteman III testing and Phase B Series

2 for Minuteman II. In this report , data for both 1% and 3% at 77°? are

shown for a comparison between applied strains . As a result of a change in

the program , Aerojet is now using 2% strain. Thiokol has shown that strains

introduced into the propellant during machining remain in the samples and a

higher strain is required to give reproducible and accurate relaxation mod—

F uli . The 1% strain is considered to be very marginal insofar as reproducible

data is concerned.

Table 6—1 gives the signi ficance of ‘t’ for both 1% and 3% strains . The

ntanber of specimens represented in each regression is shown so that the pre—

ponderazice of test data at 3% strain is obvious . 
-

ANA “G” is not significant at 1% strain (95 mo),  but shows a significant

~ecr-ease at 3% (107 mo) .

Unlined cartons of AITh “G” show a significant decrease for both 1% and.

• 
3% (15 14 mo) while there is no signi fi cant change for lined cartons (55 mo) .

Unlined cartons of A1~B “P” show a significant increase up to 1147

months. There is no significant change in lined cartons at 1% (65 mo) ,

but the 1000 second modulus at 3% shows a significant increase.

6 — i
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Unlined cartons of ANT “P” do not show a significant decrease at

1% (81 mo), but the decrease is significant at 3% (91 ma). Lined

cartons (80 mo) still show a significant increase.

These data tend to contradict ASPC’s findings which suggests that

samples prepared from cartons appeared to decrease in modulus after 3.5

to 14 years of storage (ASPC 0162—O6sAAS—21).

Gradient stress relaxation does not show a change from the last

report. Minima occurs at approximately 2.2 inches from the liner.

B. STRAIN DILATATION :

The same type of specimen is used for this test as for stress relax-

ation . Testing is done in a gas dilatometer at 17~F (25°C) without

pressure.
- 
Poisson ’s Ratio at 15% strain and dilatation at maximi, strain con— -

sistently show a significant decrease ( Table 6—2). On]y- 2oisson ’s

ratio at m~ -~4mi strain does not show consistent significant decrease

whi ch does occur for ANB “P” unlined and ANT “P” lined. No parameter

is significant for ANA “G” unlined cartons.

6 - 2



TABLE 6-1
STRESS RELAXATION

Significance of Regression Slopes

10 sec 1000 sec
SYSTEM N 1% N 3% 1% 3%

~~A G Unlined 54 NS 178 Sip dec NS Sip dec
ANE G Unlined — 144 Sig dec 634 Sip dec Sip dec Sip dec
ANB G Lined 136 NS 88 NS NS sip dec
ANB P Unlined 129 Sip inc 517 Sip inc Sip inc Sip inc
ANB P Lined 48 NS 110 NS NS Sig inc
ANT P Unlined 125 NS 357 Sip dec Sip dec Sip dec
ANT P Lined 93 SIg Inc 217 Si~ Inc Sip inc Sig inc
ANA & ANB C Unlined 198 Sig dec 

_____ _________ Sip dec 
_________

ANB C & P Unlined 273 NS 
_____ _________ 

NS 
_________

AN EG&PLined 84 NS 
_ _ _  _ _ _ _ _ _  

NS 
_ _ _ _ _ _

ANB & ANT Unlined 255 Sig inc _____ _________ 
Sip inc 

_________

AN~ & ANT Lined 141 Sip inc _____ _________ 
Sig inc 

__________

TABLE 6—2
DILATAT I ON

Significance of Regression Slopes

POISSONS RATIO POISSONS RATIO DILATATION AT
SYSTEM AT 15% STRAIN AT MAX STRAIN MAX STRAIN

AM G Unlined NS NS NS
ANB G Unlined Sig Dec NS Sig Dec
MIS G Lined Sig Dec NS SIg Dec
ANB P Unlined Sig Dec Sig Dec Sig Dec
ANB P Lined SIg Dec NS Sig Dec
ANT P Unlined Sig Dec NS Sig Dec
ANT P Lined Sig Dec Sig Dec SIg Dec

NS Not significantly different from zero slope
Sig inc — Positive slope
Sig dec Negative slope
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SECTION VII

TNEWAL COEFFI CIENT OF LINEAR E~~ANSION

Thermal coefficient of linear exp ansion is rim on the DuPont 990

Thermal Analyzer using the thermomechanical analyzer with expansion

probe . The specimen used is a wafer appromimate ly .200 ” ( .5 08 cm)

thick by .33” ( .8 1~ cm) diameter. The specimen is cooled to —110°C

(— 166°F) then heated at 5°C/mm (9 °F/mm ) to 1
~o°C (101~°F). The

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

According to .ASPC , where a volume coefficient of expansion is

determined, the glass point for propellant stored at 80°F ranges from

—91°C (—132 °F) to —79 .5°C (—111°F) .  Values at OO—ALC are determined

from slopes drawn from —110°C and from —20°C (see Figure 7—22) - ANA

“G” and ANT “P” unlined and ANB “P” lined cartons do not show a trend.

All others show a signi ficant lowering of the glass point .

Expansion below the glass point is not considered to be a signifi-

cant factor in analysis. This region is linear . Lined cartons of

ANB “P” and ANT “P” do not show a trend. Others show a signi fi cant

increase except for A~NB “G ” lined cartons which show a significant

decrease (Table 7— 1) .

TCLE above Tg does not show a trend for ANB “G” unlined and ANB “P”

lined cartons. Others show a significant increase except for ANT 11p11 -

lined cartons which show a signi ficant decrease (Fi gure 7-21).

a The region above the glass point shows devi ations from linearity

as the temperature increases . Figure 7—22 shows this as a dotted line .

Using thi s extrapolated line from —110°C to l~O°C the TCLE would be 10.32

x l0~~ in/in/ °C or 5.73 x 1O~~ iri/in/°F. The line above Tg would give

7 — 2 .
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10.68 x 10~~ in/in/°C or 5.93 x 10~~ in/i~/°F. ~urre~ t practice at

OO—ALC uses the actu.al trace. Using the trace from —110°C to

the TCLE would be 9.31 x 1O~ in/in/°C or 5.17 x l0~~ in/in !
0?. For

the slope above Tg, the TCIZ would be 9. I~6 x 10~~ in/in/°C or 5.25 x

io~ in/in/°F. Both sets of values are within normal limits as deter-

mined at ISPC , but the second method more accurately reflects the

average TOLE . Figure 23 shows a si~i .ar curve for one lot of “0” pro-

pellant. The values here run higher. The extr~po1ated line gives
’

11.56 x lO~~ and 11.96 x 10~~ in/in/°C for 
_iiOO to 1400 

and Tg to 1e0

or 6.142 x 1O~~ and 6.56 x 1O~~ in/in/°F. When the trace is used the

values are 10.27 and 10.140 x 1O~~ in/in/°C and 5.70 and 5.68 x l0~~

in/in/°F. The extrapolated TCLE above Tg does not show a trend for

ANB “0” unlined and .ANB “P” lined cartons. Others show a significant

increase except for ANT “P” lined cartons which show a significant

decrease (Figure 7-21). Values are higher than those reported by ASPC.

The temperature range over which thermal expansion is measured must

be known before strict comparisons are made. ASPC has reported measure-

ments made for the range 140 to 130°F, or 0 to 1145°?. Figures 7—214 and

7—25 show how the values differ for the two temperature ranges calcu-

lated from the same run. Lots are the same as for Figures 7—22 and

7—23.
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.SECTION VIII

CASE LINER BONDS -

Cartons of p9peilant were lined with SD—851—2 liner/V45 rubber

simulating motor conditions. In the preparation of the cartons, liner

• sometimes penetrated the propellant to a depth of 0.5 inches. Irregular-

ities are most apparent on outer surfaces. Corners may be particularly
a

affected by curvature of the insulation.

Liner colcr varies from a pale buff to a deep pink which apparently

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 statistically 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.

A. CONSTANT LOAD SHEAR AND TENSILE:

Constant load shear specimens are 2 inches (5.08 cm) in diameter

and 0.2 inches (.508 cm) thick bonded to aluminum tabs. Specimens are

mounted in shear mode on a constant load frame.

Constant load tensile specimens are 2 inches (5.08 cm) in diameter

with a filet which reduces the propellant/liner/insulation interface to 1.5

inches (3.81 cm). The propellant below this interface is bonded into pipe

sections. An aluminum end tab is bonded to the insulation. Specimens are

tested in tensile mode on a constant load frame.
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Loads are supplied by steel plates (nominally 10 pounds, but

weighed accurately) suspended on steel rods. the load is applied when a

hydraulic jack is released. Time—to—failure is measured by a stop watch

at high loads or by electrically activated clocks with low loads. Times—

to—failure between one minute and 100 minutes, are to be desired. However,

because liners vary considerably in properties it is difficult to obtain

such data directly. Therefore, three specimens are stressed at each of the

four loads.

The statistical analysis of the data includes correlation plots of

the parameters log stress vs log time—to—failure for both tests (figures 8—1

thru 8—4). These analyses can be used to predict the amount of stress needed

to cause failure at a specified time. These data have been extracted for one

minute and 100 minute time periods and su arized in Table 8—1. In this type

of regression analysis aging effects are not visible as the data are not

arranged chronologically.

In order to determine if aging is affecting the propellant—liner

bond, a time—dependent regression analysis was made on selected parameters

(figures 8—5 thru 8—8). In these analyses sample age is the independent

variable and the parameter “t ime—to—break” is the dependent variable. In

order to obtain enough data points for a meaningful study a range of stress

values (20—30 psi or 40—50 psi) was used.

The results of these analyses indicate that age is not affecting

the parameter “t ime—to—break” either in the tension or shear mode . However,

the data has considerable scatter which may be masking any aging effects.

B. MINI—DPT :

This specimen is a 1.0” x 1.0” x 0.5” (2.54 x 2.54 x 1.27 cm) bonded

to aluminum end tabs . The specimen is tested in the tensile mode on the

m atron at 0.5 in/mm (0.02 cm/sac) .

8—2
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Regressions for ANB “G” and “P ” polymer are given in figures 8—9

and 8—10. There is a significant decrease in maximum stress for “C1’ and

“P” polymer , with a significant increase in time to maximum stress for lip”

polymer.

C. HIGH RATE BOND SHEAR:

This is a poker chip specimen 2 inches in diameter tested at 100

in/mixi (4.23 cm/sec) on the high rate tester with 600 psi nitrogen. No

regressions were made since not all the data is in the computer. Time—

to—failure , however , is much less than reported by ASPC .

D. OTHER TESTS:

Swell ratio and gel filler have been determined on a limited number

of specimens , but no regressions have been made. There should be suf—

ficient data at the next report period so that regressiàns can be made .
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SECTION IX

TEAR ENERGY

Tear ener~~r specimens are microt~~ed to a thickness of 0.1 in

( .25 1~ cm) fr ~~ a block of propellant 3” a 1 1/8” a 1 1/2” (7 .62 cm

x 2.8 cm x 3.8 cm) - The ~icrotomed specimen is bonded to wood and a

1 inch (2 .5l~cm) sli t is cut lengthwise in the center of the specimen.

Specimens are tested at four temperatures ( 1~~ O , 770
, 120° and 160°?)

and three rates (0.01 in/nu n, 0.1 in/mm and 1.0 in/mm ) on the In—

stron -

Time to tear is measured at crack initiation. Cohesive tear

energy is calculated from the critical stress and strain at that same

time . The dimensions of the specimen also enter into the calculation.

Table 9—1 shows quite clearly that there is no consistency in

either parameter. There is no true pattern to the data, although in

general , cohesive energy decreases with in creased temperature and time

to tear da~creases with increasing rates .

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

-

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



TABLE 9—1 
-

Significance of Regression Slopes

System T~~p 
0F Cohesive Ener~ r Time to Tear

ANA G Unlined 40 NS Sig Inc
77 NS NS
120 NS NS
160 Sig Inc Sig Inc

ANB G Unlined 140 NS Sig Inc
77 Sig Inc Sig Inc
120 Sig Inc Sig Inc
160 Sig Inc Sig Inc

ANB G Lined 40 NS NS
77 Sig Inc Sig Inc
120 Sig Inc Sig Inc
160 NS NS

ARE P Unlined 40 NS NS
77 Sig Inc NS
120 NB NS
160 Sig Inc Sig Inc

A N B P L ined 40 NS NB
77 NS NS

120 NS NS
160 Sig Dec Sig Dec

ANT P Unlined 140 NS Sig Inc
77 Sig Inc Big Inc
120 NS Sig Inc
160 Big Inc Sig Inc

ANT P Lined 40 Big Inc NB
77 Sig Inc NB
120 NS IfS
160 Big Inc Big Dec

NB a Not signifi cantly different from zero slope
Big inc Positive slope
Big dec — Negative slope
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