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This figure illustrates what the various sample

orientation terms mean with respect to a segment

of the motor a-

A JPINNAF dogbone is used in the illustration to

depict the areas from where the specimens are

obtained ,

inner—.. circumferential

o u t e r_-_ -—.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- bipropellant

z ~ a-a-, ... — axial

FIGURE 6
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ABSTRACT

This report contains test results from propellant and insulation

materials obtained from three Minuteman Stage 2 dissected motors and

their corresponding propellant cartons. Testing was performed in

accordance with Service Engineer ing General Test Directive GTD — 2

Dissect dated 28 June 1974 and Project M83258C.

Statistical analysis includes data from both inner (ANP 2864) and

outer (M4P 2862) propellant from the dissected motors and where avail-

able, associated propellant cartons . A computer program was utilized

to test for co~~~n populations of individual dissected motors.

Linear regression plots using unique symbols to identify the dif-

ferent relationships between motor and carton data were used to estab—

lish general trends. Where a change has taken place and where comparisons

could be made, the majority of the regression trend lines are flatter.

Therefore, the data are not exceeding the previous sigma limitations .

In addition, as more specimens are tested, the trends become more realistic.

Most of the test specimens were prepared and tested in the axial

orientation, that is, parallel to the longitudinal axis of the motor from

which specimens were obtained .
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INTRO DUCTION

A. PURPOSE:

1. To provide information on the structural reliability of the pro-

pellant and insulation materials in the LGM—30 Stage II Motor in support

of the Saf eguard Program .

2. To provide age versus physical Property trends using statis—

tical analysis as an aid for determining shelf/service life predictions

of the motor ’s propellant.

3. To detect degradation of propellant and insulation materials

physical properties due co aging or environmental conditions.

B. BACKGROUND:

Since 1963, materials property testing has been performed on propel-

lant specimens prepared from cartons of propellant used in motor manu—

acture. Similarly, insulation materials have been tested.

In 1971, all laboratory prepared insulation materials and case to

pr~pellant bond specimens were destroyed in a conditioning chamber mal-

function. This incident, coupled with near depletion of propellant car-

ton samples, forced a search for other sources of test materials. From

a ~orce Modernization Program ,some older motors became available for testing.

Three motors were selected as being representative of the inventory and

were di ssected for testing. The oldest one, Motor S/N 0022135 is 6.9 months

oh-er t.ian Motor S/N 0022583 which in turn is 6.2 months older than Motor

S/NC022788. To date, four test periods have been completed at annual

intez ‘ils - Additional testing cannot be accomplished on Motor S/N 0022583

4 - because al available material have been tested.

— 1 —
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C. DISSECTION :

The motors were dissected and cut into segments as shown in Figures

1 thru 5. The sample orientation is shown in Figure 6.

D. SPECIMENS :

The Garlock 7765 peel and lap shear specimens from the forward re—

lease area (‘Y’ joint) are illustrated in Figures 7 and 8 respectively.

The case bond shear and tensile specimens are illustrated in Figures 9

and 10 respectively.

E. MOTOR DATA:

Motor Nr Cast Date Age at Test

0022135 63162 13.31 years
0022583 64008 12.73 years
0022788 64197 12.21 years

Each of the three motors contain ANP 2862 (Outer) and ANP 2864 (Inner)

propellant.

Manufacturer: Aerojet Solid Propulsion Company

- — 2 —
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STATISTICAL DISCUSSION

Available data from three dissected motors (0022135 , 0022583 and

0022788) and corresponding carton data (where available) were statis-

tically analyzed and reported . Using the knowledge that all s~ ’~ les

came from the Stage II Propellant Program, it was assumed that for

this analysis all data came from a coimnon population with a comaon

variance. To verify this statistical compatibility a representative

sampling of the data from separate motors were analyzed for tensile,

stress relaxation, and hardness.

The three motors tested in this report do not have the same

date of manufacture and the age spread is 13.1 months. By using the

analysis of covariance at the 5% significant level, it was possible to

test for the null hypothesis of equality of means and compensate for this

difference in date of manufacture. The effect due to age was not

significant for over one half the representative samples, theref ore ,

aging is not the only biasing factor involved.

In almost all cases,it was found that the different origins of

data were not statistically combinable, i.e., the slopes and intercepts

(elevations) of the regression trend lines for each group of data

j indicated that data had multiple biasing factors (Table 34). As a result

of this study, it was decided that data from the various origins would

• be combined in a regression analysis to provide a general population

• aging trend accepting the fact that individual aging trends of different

data groups may be masked.

Individual data points from different time periods were combined to

L
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establish a least squares aging trend line for the overall data. The

variance about the regression line, obtained using individual values of

the dependent variable, was used to compute a tolerance interval such that

at the 90% confidence level 90% of the population falls within this

interval .  This tolerance interval was extrapolated to a maxim*mi of

24 months to give an indication of the statistical significance of the

slope of any aging trends. Data and regression trend lines were

plotted utilizing an IBM—360 computer. Because the data is from three

separate motors represented by both carton and dissected data, a

special plotting program with the ability to use unique symbols to

identif y the data was used . This method of data plotting allows a

visual display of the overall motor—to—motor and motor—to—carton

relationships and will provide capability to observe the relationships

between the various origins of data and how these different data

origins relate to each other. The computed tolerance interval about

the composite regression line is wider than what the tolerance interval

would be about any individual motor regression line because of the

increased data spread introduced by combining different groups of data.

Where data were insuf f icient to conduct regression analyses, the

test data are presented in tables with statistical suimnaries such as

means and standard deviations. To detect any change in the data, the

testing that was performed used the null hypotheses that there is no

difference between the means (H: Mean1 — Mean .. .Mean
k).

Where a change has taken place (and comparisons can be made) , the

major i ty  of the regression trend lines are f lat ter  than those of the

last report [NR 338(76)] .

_ _ _ _ _ _ _ _ _ _ _ _  
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The smybols used in the regressions are :

p
Motor Motor Symbol Carton Symbol

0022135 0 1

0022583 — 0 2

0022788 — A 3

4
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INSULAT ION MATERIALS

Suff ic ien t  insulation materials were not available ~or all scheduled

tests. Virtually all available materials were tested and no more tests

can be accomplished until another motor is dissected.

A sunmiary of insulation testing is as follows:

A. GARLOCK-7765:

1. Tensile maximum stress data for all three motors range from 2292

psi to 3275 psi as compared with a range of 1862 psi to 2777 psi in both

the 1975 and 1972 test periods. The test temnerature was 77° F for all

insulation testing. The lower failure limit for this test is 315 psi at

a test temperature of 60°F. No upper failure limits are given for any

insulation materials.

2. The peel strength of Garlock—7765 bonded to the titanium body

case for all three motors is about 60 lbs/in of width. This compares to

42 in 1975 and 27 in 1972 for motors 0022135 and 0022788 respectively.

The material shows no evidence of brittleness. No failure limits were

given.

3. The lap shear strength for the three motors ranges from 372 psi

to 658 psi. This compares to a range of 101 psi to 805 psi for the three

motor s in 1975 and 305 psi to 600 psi for motors 0022135 and 0022788 in

1972. The lower failure limit is 96 psi at 60°F.

4. The lap shear at the ‘Y’ j oint is about 120 psi. No failure

limit  is given.

— 6 —



B. GEN—GARD V-~44:

The tensile maximum stress range is 1332 psi to 1787 psi for the three

motors as compared to a range of 1470 psi to 1780 psi for motors 0022135

and 0022788 in 1975 and a range of 1455 psi to 1780 psi for the three

motors in 1972. The lower failure limit at 60°F (aft boot release area)

is 500 psi.

C. DC—65 10 :

1. The tensile maximum stress range is from 235 to 1056 psi for all

three motors, compared with a range of 525 to 1050 in both 1975 and 1972

for the three motors. The lower failure limit is 7 psi at 80°F.

2. The peel strength range for motors 0022583 and 002788 is 5.8 to

36.7 lbs/in of width compared with a range of 8 to 45 in 1975 and 11 to

39 lbs/in of width in 1972 for the same two motors. No failure limit

was given.

3. The lap shear for motors 0022788 and 0022583 has a range of 16

to 120 psi , compared with a range of 41 to 119 psi in 1975 and 58 to

139 psi in 1972 for the same motors. The lower failure limit at 80°F is

4.8 psi.

D. AVCOAT II :

The tensile maximum stress range is 448 to 1624 psi for motors 0022135

and 0022788 compared with a range of 257 to 600 psi for the same motors

in 1975. The lower limit at 80°F is 270 psi. All failure limits are

from Aerojet—Ceneral Report 0l62—1OFAS—R.

- —~~-

The above test results, especially when compared with known lower

failure limits, indicate no motor operational failures in the near

futur e due to insulation failure.

— 7 —



N TEST RESULTS

A. UNIAXIAL TENSILE:

The r egr ession s generally have a flatter slope than the previous

test period . In the few exceptions that do have steeper slopes,the in-

creases are small. All of the results are statistically significant

(Figures 11 thru 22). Raw data are contained on Tables 1 thru 5. For

covariance analysis,see Tables 35 thru 46.

B. BIAXIAL TENSILE:

Some of the regressions have a flatter slope than previously . Slightly

more than half of the test results have a non significant slope.

(Figures 23 thru 28). Raw data are contained on Tables 6 and 7. For

covariance analysis, see Tables 47 thru 52.

C. HIGH RATE TRIAXIAL TENSILE:

The regressions for this test parameter are presented for the first

time using two time periods which does not provide sufficient data for

definitive or realistic conclusions. The maximum stress regression

lines are not significant. The strain at rupture for both outer and

inner propellant shows a statistically significant increasing slope

(Figutes 29 thru 34). Raw data are contained on Tables 8 and 9.

For covariance analysis, see Tables 53 thru 58.

D. HIGH RATE HYDROSTATIC TENSILE:

The regress ions for this test parameter are also presented for the

first time using only two time periods. The maximum stress and modulus

f or both inner and outer propellant has a non significant slope. The

trend line for the inner strain at rupture has a small negative and the

outer a small positive slope. Raw data are contained on Tables 10 and 11

— 8 —



and multi symboled regressions in Figures 35 thru 40.

E. BURNING RATE:

The regression for inner propellant at 500 psi initial pressure has

a flatter slope than previously . No new data for outer propellant is

available (Figures 41 and 42). Raw data are contained on Tables 16 and

17.

F. TCLE (THERMAL COEFFICIENT OF LINEAR EXPANSION) :

The regressions below the glass point show a statistically signif i—

cant decrease while TCLE above the glass point shows an increase in the

trend lines. (Figures 43 thru 46). Raw data are contained on Tables 18

and 19.

The expansion rate of propellant increases with temperature both

below and above the glass j~oint (Tg). Because of this, the TCLE varies

considerably depending on the temperature range used and test results are

not directly comparable except for identical temperature ranges. To

make direct comparisons possible, equations of the TCLE curves related

to the current test period are included in this report.

The TCLE is represented by the equation:

AL/LTCLE
~~~~~ T

Where: L = Specimen length , inches

AL — Change in length, inches

- I AT — Change in temperature, °C

TCLE is recorded from a preconditioned specimen in the Thermal Mech—

anical Analyzer as the temperature is raised from —120°C to 0°C. A

change in expansion rate occurs at the glass point and since the TCLE

-



is not linear either below or above the glass noint , two—third order equa-

tions , one below and one above the glass point were derived to describe

the TCLE for each test specimen tested in the current test period (see

Table 19 for TCLE equations). Newton’s method of divided differences

was used to derive the equations. The equations may be used to deter-

mine the TCLE at any given temperature range for a specific specimen.

In the derived equations for the TCLE curves, X represents degrees cel-

sius and Y the proportional change in specimen length. Use of the equa-

tions to determine a TCLE value is accomplished as follows:

1. Determine two Y values separately by entering the two tempera-

tures representing the range desired in the equation for a specific

specimen.

2. Determine the change in length in inches by multiplying the dif-

ference between the Y values obtained by a test instrument constant of

0. 0005.

3. The change in length obtained is then the AL value to be used

in the TCLE formula.

EXAMPLE :

Range desired —50°C to —10°C

as determined by substituting —10°C in the appropriate
equation

= as determined by substituting —50°C in the same equation

L = as listed by each equation

TCLE ~(0.OO05)(Y1 - Y2) / L
40°C

— 10 -
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C. HARDNESS:

The regressions for outer propellant show a non significant trend .

The inner propellant hardness regression trend line has a flatter slope

than in the previous report (Figures 47 and 48). Raw data are contained

on Table 20. For covariance analysis see Tables 67 and 68.

H. STRESS RELAXATION MASTER CURVE AT 0.5% STRAIN:

The relaxation modulus results at —65° and —40°F were not used in the

master curves because in most cases they were above the programmed capacity

of the n lot te r.

The high modulus is probably due to the fact that, iii most cases ,

—65°F is close to the glass point of the propellant. Apparently at —40°F

there is enough of the crystallinity that characterizes the glassy region

to cause a high modulus. The master stress—strain curves are shown in

Figures 49 thru 52. The covariance analysis are contained on Tables

59 thru 66.

I. ADDITIONAL TESTING:

Additional raw data on propellant and insulation materials is in-

cluded where data were not available for regression analyses. Raw data

are contained on Tables 12 thru 15 and 21 thru 25 for propellant and

Tables 26 thru 33 for insulation materials.

— 11 —



CONCLUSIONS

Test results from any one of the three dissected motors cannot be

pooled with results from the same test , from either of the other motors,

or from their carton propellant without masking individual data trends.

The three motors have approximately equal inconsistency. Motor

Numbers 0022135, 0022583 and 0022788 are inconsistent 4, 5, and 6 times

respectively in 26 regressions having three or more test periods for

all three motors.

The inclusion of carton propellant data (where available) in regressions

with dis’~:~~ 1 motor data provided good visibility in displaying the

relationship of various age groups to each other. Although a statistical

trend line was not plotted for individual motor carton data an indication

of group trends occurring with time may be found from the composite

regressions.

Where data from four test periods is available, individual motor trends

are readily evident by visual examination of the regressions. When data

from three test periods is available,the individual trends are not readily

evident in some tests. No attempt was made to visually evaluate the

regressions when data from two test periods were available.

The visual examination of the regressions as detailed above does not

indicate that any serious aging problems will occur in the near future.

The insulation In~Lerials test results, especially when compared

with known lower failure limits, indicate no motor operational failures

in the near future due to insulation failure.

______________________ 
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RECOMMENDATIONS

It is recommended that:

1. The additional motor scheduled for testing be dissected immed-

iately so it can replace Motor Nr 0022583 in the testing program. There

is not sufficient case bond or insulation material or propellant remain-

ing from Motor 0022583 for additional testing. Data from at least three

motors are required to reasonably well represent the inventory.

2. Testing be continued on the case bond and insulation material

and propellant as part of the LGM—30 Safeguard Program.

IL

$
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TABLE 2

LOW AND VERY LOW RATE
DISSECTED MOTOR TENSILE

(OUTER) (AXIAL POSITION)

X-HEAD TEST MAXIMUM STRAIN AT
SPEED TEMP TEST ATT STRESS RUPTUR E MODULUS

MEN (In/Mm ) (° DATE 
____ 

(PSI) (IN/IN) (PSI)

0022135 0.002 +077 77110 160 50.000 0.32599 361.00
49.500 0.31999 424.00
52.799 0.32699 402.00

77119 167 48 .129 0.27599 411.00
48 .469 0.33299 420.00
48.759 0.28699 422.00

0.02 +077 76314 161 63.799 0.33969 528.00
70.329 0.33959 646.00
59.959 0.39319 454.00

+120 76320 161 48.000 0.28829 399.00
48 .299 0.28199 444.00
48.589 0.29239 437.00

0.2 +020 76317 161 194.20 0.57339 1989.0
222.85 0.44539 2249.0
224.43 0.28509 2341.0
190.62 0.58529 1834.0
209.03 0.43469 2238.0
197.78 0.51429 2044.0

+077 76315 161 82.409 0.45949 703.00
87.009 0.45499 768.00
89 .889 0.32099 807.00

2.0 +077 76315 161 113.09 0.42359 1128.0
114.72 0.49129 1235.0
111.21 0.49259 1093.0

20.0 +020 76317 161 425.23 0.32109 5153.0
416.90 0.32009 5098.0
389.08 0.41689 4809.0

0022583 0.0002 +077 76342 155 44.099 0.18599 325.00
43.639 0.17799 316.00
42.859 0.28399 268.00

0.002 +120 77117 160 37.519 0.23599 263.00
40.039 0.25499 286.00
39.239 0.25299 288.00

0.02 +077 76349 155 90.279 0.36819 668.0
90.609 0.37709 661.0

• 91.500 0.36899 645.0
• 0.02 +120 7634 3 155 55.309 0.29309 413.0

56.000 0.30199 409.0
57.519 0.28259 429.0

0.2 +020 76344 155 96.639 0.51629 225.0
111.69 0.45689 217.0

98.229 0.48509 212.4
0.2 +077 76349 155 79.389 0.11109 798.0

89.109 0.55809 702.0
94.449 0.51929 663.0

2.0 +020 76344 155 133.09 0.56549 3348.0
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TA BLE 2 (cant)

! LOW AND VERY LOW RATE
DISSECTED MOTOR TENSILE

(OUT ER ) (AXIAL POSITION)

X-HEAD TEST MAXIMUM STRAIN AT
SI~EED TEMP TEST- ATT STRESS RUPTURE MODULUS

MSN (In/Mm ) (°F) DATE .Q~1 
(PSI) (IN/IN) (PSI)

0022583 2.0 +020 76344 155 142.97 0.48419 3712.0
135.38 0.53899 3976.0

2.0 +077 76349 155 135.62 0.50009 972.00
151.22 0.49609 1144.0
139.46 0.49569 1114.0

20.0 +020 76344 155 188.69 0.42439 4154.0
186.81 0.45499 4098.0
190.86 0.44869 4282.0

0022788 0.0002 +077 76342 149 51.469 0.16999 418.00
50.899 0.17799 357.00
54.039 0.16259 489.00

0.002 +077 77110 153 63.199 0.30079 420.00
63.699 0.27439 467.00
61.569 0.30559 432.00

0.002 +077 77119 154 62.099 0.30899 428.00
62.989 0.27799 465.00
63.299 0.27799 462.00

0.02 +077 76310 148 71.399 0.41299 524 .00
74 .899 0.37799 577.00
69.099 0.48699 398.00

0.02 +120 76324 148 58.250 0.32709 388.00
59.169 0.40279 328.00
58.789 0.39889 342.00

0.2 +020 76317 148 226.10 0.42939 2985.0
221.68 0.44259 2988.0
228.26 0.41679 2929.0

0.2 +077 76308 148 91.549 0.41499 647.00
93.689 0.40049 828.00
93.019 0.45029 827.00

2.0 +020 76317 148 282.23 0.49439 4224.0
298.64 0.45219 4235.0
291.31 0.48849 4523.0

2.0 +077 76309 148 126.62 0.51269 896.00
131.44 0.57029 988.00
131.01 0.51889 1026.0

20.0 +020 76317 148 396.08 0.35479 4478.0
399.82 0.33149 4580.0
405.15 0.37069 4567.0
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TABLE 6

P LOW RATE BIAXIAL
DISSECT ED MOTOR TENSILE

(AXIAL POSITION)

(OUTER )

X—HD TEST MAXIMUM STRAIN AT
SPEED TEMP - TEST AAT STRESS RUP TURE MODULUS

MSN (IN/MIN) (°F) - DATE ~Mo) (PSI) (IN/IN) (PSI)

0022135 0.02 +120 76329 161 55.379 0.20599 502.00
56.539 0.20149 538 .00
56.129 0.20709 464.00

•Mean/S 56.0/0 .59 0.205/0.003 501.3/37.0

0.2  +077 76328 161 92.919 0.33439 788 .00
85.439 0.38229 602.00

101.02 0.31599 864.00
• - .Mean/S 93.1/7.79 0.344/0.034 751.3/134.8

2,0 +020 76358 162 375.51 0.23029 4805.0
383.50 0.22889 5020.0
374.78 0.24289 4171.0
374.78 0.21449 4527.0

- . .Mean/S 377.1/4.25 0.229/0.012 4630.8/367.0

2.0 +077 76328 161 126.09 0.42109 1114.0
127.21 0.39619 1094.0
133.07 0.35559 1186.0

• . .Mean/S 128.8/3.75 0.391/0.033 1131.3/48.4

0022583 0.0002 +120 75318 142 44.059 0.23059 267.00

0.2 +077 76350 155 87.549 0.45359 698.00
95.659 0.39089 725.00
96.449 0.34369 745.00

- - .Mean/S” 93.2/4.93 0.396/0.055 722.7/23.6

2.0 +020 76344 155 316.42 0.30069 3295.0
315.75 0.30909 3003.0
309.25 0.29289 3240.0

• . .Mean/S 313.8/3.96 0.301/0.008 3179.3/155.2

2.0 +077 76350 155 125.13 0.43789 1027.0
113.37 - 0.54439 993.00
135.56 0.49849 1087.0

• ..Mean/S 124.7/ 11.10 0.494/0 .053 1035.7/47.6

0022788 0.0002 +120 75297 135 57.599 0.00000 336.00

0.02 +120 76331 148 61.699 0.23769 534 .00
59.159 0.27109 418.00
60.829 0.24939 470.00

- .Mean/S 60.6/1.29 0.253/0.017 474.O/58J
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TABLE 6 (cont)

LOW RATE BIAXIAL
DISSECTED MOTOR TENS ILE

(AXIAL POSITION )

(OUTER )
X—HD TEST MAXIMUM STRAIN AT
SPEED TEMP . TEST ATT STRESS RUPTURE MODULUS

MSN (IN/MIN) (° F) DATE ~~~~ ~~ SI) (IN/IN) (PSI)

0.2 +077 76328 148 102.72 0.35909 751.00
109.63 0.37619 820.00

.Mean/S— 106.2/4.89 0.368/0.012 785.5/48.8

2.0 +020 76358 149 362.07 0.22789 5080•0
359.55 0.20589 4530.0
358.08 0.29389 5103.0

- . .Mean/S~ 359.9/2.02 0.243/0.046 4904 .3/324 .4

2.0 +077 76328 148 141.43 0.49569 1061.0
140.93 0.43289 1127.0
133.86 0.48729 876.00

- . .Mean/S— 138.7/4.23 0.472/0.034 1021.3/130.1

i
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TABLE 7

LOW RATE BIAXIAL
DISSECT MOTOR TENS ILE

(AXIAL POSITION )

( INN ER)

X-HI) TEST MAXIMUM STRAIN AT
SPEED TEMP . TEST AAT STRESS RUPTU RE MODULU S

MSN (IN /MIN) (°F) DATE (MO) (PSI) (IN/IN) (PSI)

0022135 0.02 +120 76329 161 64.979 0.29019 445.00
65.019 0.29789 408 .00
70.299 0.28409 448.00

• . .Mea n/S~ 66.8/3.06 0.291/0 .007 433 .7/22 .3

0.2 -4-077 76328 161 121.77 0.38029 769.00
123.47 0.41549 699.00
122.68 0.40639 741.00

- - .Mean/S~ 122.6/0.85 0.401/0.018 736.3/35.2

2.0 +020 76358 162 384.53 0.21459 4850.0
389.85 0.22879 5139.0
382.16 0.17539 4889.0
373.15 0.29659 4355.0
230.69 0.33889 3581.0

- - .Mean/S 352.1/68.1 0.251/0.066 4562.8/618.1

2.0 +077 76328 161 163.05 0.46099 1019.0
162.47 0.43559 1132.0
156.19 0.49809 998.00

Mean/S— 160.6/3.80 0.465/0.031 1049.7/72.1

0022583 0 2  +077 75125 136 111.43 0.48059 516.00
121.77 0.49909 562.00
113.63 0.5019 448.00

- - .Mean/S~ 115.6/5.45 0.49/0.011 508 .7/57 .4

0.2 +077 76350 155 102.25 0.51419 436 .00
100.25 0.49739 413.00
104.06 0.60369 434.00

- - .Mean/S 102.2/1.91 0.538/0 .057 427 .7/12 .7

2 0  +020 76344 155 301.25 0.42059 2522 .0
305~00 0.42349 2609.0
310.58 0.55029 2657.0

- . .Mean/S’ 305.6/4.69 0.465/0.074 2596.0/68.4

2.0 +077 76350 155 123.97 0.68829 651.00
136.10 0.59439 640.00
126.16 0.71189 629.00

- - .Mean/S ’ 128.7/6.46 0.641/0.066 640.0/11.0
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TABLE i(cont)

LOW RATE BIAXIAL
DISSECTED MOTOR TENSILE

(AXIAL POSITION)

(INNER )

X-HD TEST MAXIMUM STRAIN AT
SPEED TEMP. TEST AAT STRESS RUPTURE MODULUS

MSN (IN/MIN) (°F) DATE (MO) LPSI) (IN/IN) (PSI)

0022788 0.0002 +120 75338 150 44 .729 0.29079 219.00

0.02 +120 76329 148 58.329 0.32989 276.00
58.209 0.35879 284.00
58.789 0.37439 285.00

- .Mean/S~ 58.4/0.31 0.354/0.0226 281.7/4.9

0.2 .s-077 76328 148 100.35 0.53179 440.00
101.39 0.50609 475.00
102.89 0.49179 463.00

, ..Mean/S 101.5/1.28 0.510/0.020 459.3/17.8

2.0 +020 76358 149 345.81 0.36069 391.20
346.25 0.31189 391.10
360.88 0.36609 440.80

- 
•..Mean/S” 351.0/8.58 0.346/0.030 407.7/28.67

2.0 +077 76328 148 127.84 0.60959 664.00
128.79 0.59149 696.00
136.07 0.63599 687.00

- - .Mean/S ” 130.9/4.50 0.612/0.022 682.3/16.5

. 
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TABLE 16

BURN RATE
INITIA L PRESSURE — 350 PSI

(NON-ORIENTED)

TEST AAT BURN RATE
MSN DATE (IN/SEc)

(OUTER) 0022135 76315 161 0.267
0.263
0.261

.Mean/S — 0.264/0.003

76352 162 0.275
0.285
0.274
0.295
0.397
O - 352

• . .Mean/S. 0.313/0.050

0022583 76323 154 0.232
0.231
0.230

- - .Mean/S 0.231/0.001

76352 155 0.255
0.256
0.259
0.250 -:

0.233
0.235

....Mean/S— 0.248/0.011

0022788 76315 148 0.232
0 230
0.225

- .Mean/S 0.229/0.004

76352 149 0.250
0.252
0.247
0.250
0.258
0.248- . .I4san/S.’ 0.251/0 . 004
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TABLE 17

BURN RATE
INITIAL PRESSURE — 500 PSI

(NON-ORIENTED)

TEST AAT BURN RATE
MSN DATE ~~ ) (IN/SEC )

INNER 0022135 76315 161 0.279
0.257
0.273

.Nean/S— 0.270/0,011

76352 162 0.408
0.407
0.402
0.404
0.393
0.381

...Mean/S— 0.399/0.010

0022583 76323 154 0.382
0.379
0.375

- - .Mean/S— 0.379/0.00 4

76352 155 0.429
0.423
0.422
0.421
0 413
0.423

.Mean/S.’ 0.422/0.005

0022788 76315 148 0.365
0.379
0.367

• - .Mean/S— 0.370/0.008

76352 149 0.396
0.400
0.401
0.390
0.385
0.408

•..)4ean/S— 0.397/0.008
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TABLE 18

THERMAL COEFFICIENT OP LINEAR E~~ANSION
(NON-ORIENTED)

Temp — 120° t o O’C

TCLE/ CLASS TCLE/
TEST AAT BELOW POINT ABOVE

MSN DATE (HO) (IN/IN/°c (°C) (IN/IN/° C)

Outer 0022135 76314 161 0.0000561 —57.0 0.0001065
0.0000580 —59.0 0.0001067
0.0000607 -55.0 0.0001023

- - .Mean/S— 0.0000583/0.000002 —57.0/2 .0 ‘0.0001052/0.000002

0022583 76322 154 0.0000574 -50.0 0.0000874
0 0000597 -61.0 0.0000923
0.0000610 —59.0 0.0000927

- - -Mean/S— 0.0000594/0.000002 —56 .7/5 .9 0.0000908/0.000003

0022788 76314 148 0.0000623 —01.0 0.0001023
0.0000571 —60.0 0.0000950
0.0000529 —61.0 0.0000941- . .Mean/S— 0.0000574/0.000005 —60 .7/0 .6 0.0000971/0.000006

Inner 0022135 76313 161 0.0000619 —59.0 0.0000979
0.0000522 —59.0 0.0001013
0.0000619 —61.0 0.0000998

• - .Mean/S— 0.0000606/0 .000002 —59.7/1.2 0.0000997/0.00000 2

0022583 76322 154 0.0000624 —67.0 0.0000894
0.0000581 —63.0 0.0000830
0.0000493 —42.0 0.0000916

• . .Mean/S— 0.0000566/0 .000007 —57.3/13.4 0.0000880/0 .000004

0022788 76314 148 0.0000585 —63.0 0.0000985
0.0000604 —65.0 0.0001023
0.0000581 —60.0 0.0000981- - .Mean/S’. 0.0000590/0.000001 —62.7/2.5 0.0000996/0 .000002
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TABLE 20

HARDNESS
DISSECTED MOTORS
(NON-ORIENTED)

(OUTER)

TEST AAT SHORE—A
MSN DATE ~~ ) 10 SEC.

0022135 76314 161 67.0
66. 0
68.0
67.0
66.0
66.0
68.0
6.0

- J4ean/S.. 66.8/O .8~,

0022583 76317 154 68.0
67.0
67.0
66.0
65.0
65.0
64.0
64.0

...Mean/S. 65.8/1.49

0022788 76303 147 64.0
66.0
66.0
64.0
64.0
66.0
65.0
6 7 0

...Mean/S’. 65.3/1.16

INNER 0022135 76301 161 70.0
69.0
69.0
69.0
69.0
68.0
69.0
69.0

- - .Mean/S 69.0/0.53

0022583 76317 154 61.0
60.0
61.0
61.0
61.0
60.0
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TABLE 20(cont)

HARDNESS
DISSECTED MOTORS

(NON-ORIENTED)

TEST AAT SHORE-A
pATE (MO) 10 SEC

INNER 0022583 76317 154 62.0
61.0

- - .Mean/S— 60.9/0.64

0022788 76303 147 61.0
62.0
62.0
62.0
63.0
62.0
61.0
62.0- . Mean/Sm’ 61.9/0.64
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TABLE 22

TEAR ENERGY
(AXIAL -ORIENTATION)

OUTER Raw Data

X—HD TEST COHESIVE
SPEED MT TEMP. ENERGY

MSN (INJMIN) TEST DATE (MO) ~~F) u N—LB/IN2)

0022135 0.01 76345 162 +40 L6246
76345 1.5769
76345 1.3438
76352 0.9410
76352 L8948- - .Mean/S— 1.48/0.358

76344 162 +77 0.9857
0.3262
0. 3820- - .Mean/S— 0.63/0.167

76362 163 +120 0.3078
76362 163 +120 0.7433

- - .Mean/S— 0.63/0 .167

76363 163 +160 0.4388
0.3871
0. 5636

- - .Mean/S— 0 46/0.091

01 76352 162 +40 2.0499
1. 5418
1. 9868

- - .Mean/S’. L86/0.277-

0022135 0.1 76344 162 +77 0.5167
0. 7598
0.3210

.~~Mean/S— 0.53/0.220

76362 163 +120 1.6012
76362 163 +120 0.9877

..Mean/S— 1.29/0.434

76363 163 +160 0.5864
+160 0.8125
+160 0.7791
...Mean/S— 0.73/0.122

1.0 76344 162 +77 0.9405
0.4343
1.3167

..Msan/S— O.90/0•443

_ _ _ _ _  
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
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TABLE 22 (cont)

TEAR ENERGY
(AXIAL—ORIENTAT ION)

OUTER

X—RD TEST COHESIVE
SPEED MT TEMP. ENERGY

MSN (IN/MIN) TEST DATE (MQ) (°F) (IN—LB/IN2)

76362 163 +120 2.3145
1.8062
1. 7060

..Mean/S— 1.94/0.326

76363 163 +160 1.1044
76363 163 +160 0.4128
76363 163 +160 0.6991

- - .Mean/S— 0.74/0.348

0022583 0.01 76352 155 +40 1.0957
0.9472
0 9084

...Mean/S— 0.98/0.099

76344 155 +77 0.2233
0. 2663
0.4147
0.3409

- - .Mean/S— 0.31/0.084

76355 156 +120 0.1365
0.4855
0.4645

- - .Mean/S 0.36/0.196

76363 156 +160 0.1927
0. 1391
0.1081- - .Mean/S— 0.15/0.043

0022583 0.1 76352 155 +40 2.0573
1.6119
1. 7241

...Mean/S 1.80/0.232

76344 155 +77 0.2845
0.1962
0. 2931

...Msan/S— 0.26/0.054

- 5 0 —
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TABLE 22 (cont)

TEAR ENERGY
(AXIAL-ORIENTATION)

OUTER

X-HD TEST COHESIVE
SPEED MT TEMP. ENERGY

MSN (IN/I-fIN) TEST DATE (MO) (°F) (IN-LB/IN 2)

76355 156 +120 O•4155
0.6390
0.6550

•..Mean/S— 0.57/0.134

76363 156 +160 0.2795
1. 0628
0.4138

- - .Mean/S— 0.59/0.419

1.0 76352 155 +40 2.5647
1.7864
1.6468

.-.Mean/S— 2.00/0.495

0022583 1.0 76344 155 +77 0.7299
0.5282
1. 3240

.Mean/S— 0.86/0.414

76355 156 +120 0.6971
0.5865
0. 8953

.Mean/S 0.73/0.156

76363 156 +160 0.9555
0. 4636
0. 7895

• - .Mean/S— 0.74/0.250

0022788 0.01 77014 150 +40 1.8701
1.2377
1. 6597

•..Mean/ S— 1.59/0.322

77010 150 +077 0.9876
1.2311
0. 7156

...Mean/S 0.98/0 .258

0022788 0.01 77011 150 +160 0.6406
0.8770
0.8002

...Mean/S’. 0.77/0.121

I
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TABLE 22 (cont)

TEAR ENERGY
(AXIAL-OR IENTATION)

OUTER

X-HD TEST COHESIVE
SPEED AlIT TEMP. ENERGY

MSN (IN/MIN) TEST DATE (MO) (°P) (IN—LB/IN 2)

0022788 0.1 77014 150 +40 3.1263
2.5327
2.8296- - ..Mean/S’. 2.83/0.297

77010 150 +77 2.0164
1. 6851
2.0226

.Mean/S~ 1.91/0.193

77011 150 +160 1.3968
1.4434
1. 1776

- - .Mean/Su. 1.34/0.142

1.0 77014 150 +40 4.7295
3. 4181

- .Mean/Su. 4.07/0.927

0022788 1.0’ 77010 150 +77 2.6913
3.0477
3. 0212- - .Mean/S’. 2.92/0.199

77011 150 +160 1.8708
1.9518
2.3770

- - .Mean/S— 2 .07/0 .272

I
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TABLE 23

TEAR ENERGY
(AXIAL-ORIENTATION)

Raw Data
INNER

X-HI) TEST COHESIVE
SPEED MT TEMP. ENERGY

• MSN (IN/MIN) TEST DATE (
~ç) (°F1 (IN-LB/IN 2)

0022135 0.01 77032 164 +40 0.7416
1. 1831

- - .Mean/S’ 0.962/0.312

0.01 77032 164 +77 0.7720
0.8754
0. 7605- - .Mean/S 0.803/0.063

0.01 7701A 1 3  +i60 0.8570
0.8795
0.9886- . .Mean/S . 0.908/0.070

0.1 77032 164 +40 1.8331
1. 3588
1. 4882- . .Mean/S 1.560/0.245

0.1 77032 164 +77 0.3400
0.7172
1.0519

• - .Mean/S ’ 0.703/0.356

0.1 77014 163 +160 1.0215
1. 3848
1.2447

- - Mean/S 1.217/0.183

1.0 77032 164 +40 3.6486
4 2 6343

3.3490
• - .Mean/S 3.211/0.521

1.0 77032 164 +77 2.1075
1.0558
2.0540- - .Mean/S. 1.739/0.592

1.0 77014 163 +160 1.6158
1. 8786

- 
2.0540

..Jfean/S.u 1.849/0.221

— 53 —
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TABLE 23 (cont)

• TEAR ENERGY
(AXIAL-ORIENTATION)

INNER

X-HD TEST COHESIVE
SPEED MT TEMP. ENERGY 

2MSN (IN/KIN) TEST DATE (MO) (°P) (IN—LB/IN )
0022583 0.01 76356 156 +40 1.7770

0. 9998- - .Mean/S— 1.389/0.550

0.01 76344 155 +77 0.4227
0. 6524
0.3484.. Mean/S— 0.474/0.158

0.01 76358 156 +120 0.1724
0.0919
0. 2528

- - Mean/S— 0.172/0.080

0.01 76363 156 +160 0 4022
0.5378
0.4286- - Mean/S.. 0.456/0.072

0.1 76356 156 +40 2.6298
2.0101

...Meaa/S— 2..320 0.438

0.1 76344 155 +77 1.6930
1. 1085
0. 7729- . .Mean/S— 1.191/0.466

0.1 76362 156 +120 0.7902
0.8599

...Mean/S— 0.825/0.049

0022583 0.1 76363 156 +160 0.5988
0.7856
0.6450

...Mean/S— 0.676/0.097

1.0 76356 156 +40 5.2173
5.4921
4.4206

...Mean/S— 5.043/0.557

1.0 76344 155 +77 0.9786
2.0451
1.0880

.~~Man/S— 1.37)/0.587

— 5 4 —
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TABLE 23(cont)

TEAR ENERGY
(AXIAL-ORIENTATION)

INNER

X-HD TEST COHESIVE
SPEED MT TEMP . ENERGY

ZSN (INJMIN) TEST DATE (MO) (°F) (IN-LB/IN 2)

0022583 1.0 76362 156 +120 1.3521
1.6327
0.9973- - .Mean/S— 1.327/0.318

1.0 76363 156 +160 1.0648
1.0141
1.1207

- - .Mean/S— 1.067/0.053

0022788 0.01 150 77014 +40 1.3198
1. 3639
1.1585

- - .Mean /S— 1.281/0.108

0.01 150 77010 +77 0.6355
0.5675
0.4323

• - .Mean/S— 0.545/0.103

0.0]. 150 77011 +160 0.7661
0•9130
1.2401

..Mean/S— 0.973/0.243

O•i 150 77014 +40 1.9781
2.1353
2.6246

• . .Mean/S— 2.246/0.337

0.1 150 77010 +77 2.6532
1.6789

....Mean/S— 2.166/0.689

0022788 0.1 150 77011 +160 1.3356
1.7260
1.5701

...Mean/S— 1.544/0.197

J 

1.0 150 77014 +40 2.6943
2.4843
2.8067

...Msan/S— 2.662/0.164

1.0 150 77101 +77 3.6668
2.8101

i ~~~~~~~~~~~~~~~~~~~~~~ - - --—--~~~~-- - -~~~~~~~~—- -- 
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TABLE 23 (cont)

TEAR ENERGY
(AXIAL-ORIENTATION)

INNER

X-}il) - TEST COHESIVE
SPEED MT TEMP. ENERGY

MSN (IN/MIN) TEST DATE (MO) (°F) (IN—LB/IN!)

2.4089
...Mean/S 2.962.0.643

1.0 77011 150 +160 1.2395
1.1966
1. 1085- - .Mean/S- 1.182/0.06 7
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TABLE 26

0 INSULATION MATERIALS

TENSILE (MAX/STRESS)
Test Temp — + 77°F

X—HD Speed 20.0 in/mm

Maximum
Motor Test Age at Stress

Insulation Materials SIN Date Test (mo)  (PSI)

Garlock/7765 Internal InauL 0022135 77083 165 3169
2292

- 2797
2479

I 

Mean/S— 2684.3/384.6

1 0022583 77083 158 2657
3275

- 3208
3432

Mean/5’- 3143.0/337.3

0022788 77083 152 - 2961
2822
2938
3093

Mean/Se- 2953.5/111.1

4
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TABLE 27

INSULATION MATERIALS

TENSILE (MAX/STRESS)
Test Te~.np ~ + 77°F

X—HD Speed — 20.O(in/min)

Maximum
Motor Test Age at St ress

Insulation Materials S/N Date Test (iso) (PSI)

V—44 Internal Insulation 0022135 77081 165 1464
1499
1475
1450
1452
1402
1374

~‘kan/~= 1445.1/43. -~

0022583 77081 158 1332
1398
1489
1406
1392
1407
1452
1381

Mean/S— 1407.1/46.8

0022788 77081 152 1726
1742
1777
1787
1698
1675
1711
1698
1717
1757
1770

Mean/S 1732.5/36.7

—60 —
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TABLE 28

P INSULATION MATERIALS
TENSILE (MAX/ STRESS)
Test Temp - + 77°F

X—HD Speed — 20 (in/mm )

Maximum
Motor Test Age at Stress

Insulation Materials _ S/N Date Teat (iso) (PSI)

DC—6510 External Insulation 0022135 77080 165 526
294
332
331
266

- 
281
288

- 235
Mean/5 319.1/89.5

0022583 158 863
728
862
921
948
734
988
845
903

Mean/S . 865.8/88.7

0022788 152 596
796
526

1004
1056

-
~ 938

691
643

Mean/S 781.3/198.8

— 61 —
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TABLE 29

INSULATI ON MATERIALS

TENSILE (MAX/STRESS)
Test Temp + 77°F
X—HD Speed 0.05(in/min)

Maximum
Moto r Test Age at Stress

Insulat ion Materials S/N Date Test (mc) (PSI)

AVCOAT II Bonded to Titanium 0022135 77069 165 1538
1454
1630
1467
1642

945
1632
1449
802

1403
448

1747
Mean/Sm 1346.4/399.0

0022788 77069 152 959
1042
912

1044
1136

899
820
985
983
812
988
845

M ~i/S~ 952.1/98.5

- 6 2 -
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TABLE 30

p4 INSULATION MATERIALS

PEEL

Test Temperature— 77°F (1” x 12”) Crosshead Speed 12.0 in/m m

Average Peel
Motor Test Age at at 1800

Insulation Material S/N Date Teat (iso) (Lbs/in—width)

Garlock/7765 Bonded to 0022135 77059 165 78.9
Titanium 75.0

66.0
76.0
55.1
78.0- - .Mean/S” 71.5/9.3

0022583 77059 158 66.2
57.0
55.2
61.5
65.0
681
57.2
62.0

.~~Mean/S.’ 61.5/4.7

0022788 77059 151 56.8
49.0
45.8
49.5
56.3
85.1
56.0
46.0
47.1

...Mean/S’ 54.6/12.3

DC—6510 Bonded to Titanium 0022583 77059 158 35.5
14.4
29.1
35.2
5.8
36.3
6.3
18.0
19.1

...M ean /S 22.2/12 .3  ‘ 
-
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TABLE 30(cont)

INSULATION MATERIALS

PEEL

Test Temperature— 77°F (1” x 12”) Croashead Speed — 12.0 in/mm

Average Peel
Moto r Test Age at at 180°

Insulation Material S/N Date Test (iso) (Lbs/in—width)

DC—6510 Bonded to Titanium 0022788 77060 151 13.6
196
24.8
17.0
176
19 • 0
18.2
11.7

Mean/S 17.7/4.0

- _ _ _ _ _ _ _  - iT~~~ ~~~~~~~~~~~~~~~~~~ T~~: - 
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TABLE 31

INSULATION MATERIALS

LAP SHEAR

Test Temperature — 77°F Crosshead Speed — 0.05 ln/mi.n

Lap Shear
Motor Test Age at Strength

Insulation Material S/N nate Test (iso) (Pg)

Garlock/7765 Bonded to 0022135 77104 166 614
Titanium 658

552
543
554
578
552
592

- ..Mean/S 580.4/39.6

0022583 77104 159 450
622
615
451
490
446
421
522

- .Mean/S ’ 502.1/78. 1

0022788 77104 153 457
471
512
372
503
489
377
476

...Mean/S 457.1/53.9

DC—6510 Bonded to 0022583 77108 159 120
Titanium 103

90
‘- 87

99
92

115
78
70

...Mean/S ’ 94.9/16.3

0022788 77108 153 66
35

-
~~ 77

_ _ _ _ _ _ _  - — 
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TABLE 3l (co~ t )

INSULAT ION MATERIAL S

LAP SHEAR

Test Temperature = 77°F Crosshead Speed = 0.05 in/mm

Lap Shear
Motor Test Age at Strength

Insulation Material S/N Date Test (ma) (PSI)

DC—6510 Bonded to Titanium 0022788 77108 153 58
58
16
45
51.

- . .Mean/S’ - 51.1/ 19.0

—66 —
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TABLE 32

INSULATI0I~ MATERIALS

LAP SHEAR
AT ‘Y’ JOINT

Test Temperature — 77°F Croashead Speed — 0.05 in/mmLap Shear
Motor Test Age at Strength

Insulation Material S/N Date Test j~~) (PSI)

Carlock/7765 at ‘Y’ Joint 0022583 77160 158 153
123
122
103
077
113
139
120

...Mean/S— 118.8/22.8

I
I

— 6 7 =
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TABLE 33

INSULATION MATERIALS

TENSILE (MAX/STRESS)
Test Temp 120°F

X-HD X-Sec Maximum
Speed Test AAT Area Stress

MSN (in/s4c) Date (iso) (jn!) (PSI)

Case/Linen 0022135 0.0002 76272 160 1.0000 25.46
Propellant 24.98

23 .04
Mean/S 24.5/1.28

76286 160 2.4053 19.25
0.002 76271 160 1.0000 28.11

24.69
31.97

Mean/S 28.3/3.64

76272 160 2.4053 20.45
22.90
23.07

Mean/S 22.1/1.47

0022788 0.0002 76274 147 1.0000 17.40
17.50

Mean/S 17.5/0.07

0.002 76268 146 1.0000 26.01
23.81
15.54

Mean/S 21.8/5.52

0.0002 76279 147 2.4053 14.14
19.25
19.53

Mean/ S” 17.6/3.03

0.002 76273 147 2.4053 18.50
1T.67
17.38

Mean/S— 17.9/0.58

— 68 —



TABLE 34

4 Analysis of Covariance
Motor—to-Motor , Comparing 22135, 22583 and 22788 at the 5% Significance Level,

Test Temp. — 77°F , Dissected Only

Regression Line Comparisons

Tensile Effects Due
Test Test Slopes Elevations To Age

OUTER
Very Low Rate SM S S N.S
Tensile ER N.S. S S
(CHS — L0002) E N.S. S N.S

INNER

Very Low Rate SM S S N.S
Tensile ER N.S S. N.S
(CIIS—O.0002) E S S. N.S

OUTER
Low R a te SM S S S
Tensile ER N.S. S N.S
(CBS—O.2) E S S S

INNER

Low Rate SM S S S
Tensile ER S S S
(CHS—0.2) E S S S

OUTER
Low Rate SM S S S
Tensile ER N.S S N.S
(CHS—2.O) E

INNER
Low Rate SM 5 S S
Tensile ER S S N.S.
(cHS—2.0) E N .S.  S. S.

OUTER
Triaxial. SM S S S
Tensile ER N .S 5. S.
(CHS—1750/ E N S  N.S N .S
500 psi)

INNER
Triaxial SM N.S. N.S S
Tensile ER N..S. S. S.
(CHS—1750/ E N S  N.S. N.S
500 psi)

—69 —
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TABLE 34 (cont)

Analysis of Covaniance
Motor to Motor Comparing 22135, 22583 and 22788 at the 5% Significance Level,

Test Temp. — 77° F, Dissected Only

Regression Line Comparisons

TensiJe Effects  Due
Test Test Slopes Elevations Due to Age

OUTER
Stress 10 sec N .S S. N.S
Re laxation 50 sec N.S .  S N.S .
0 .5% Strain 100 sec N .S S. N .S.

1000 Sec LS. 5.. N.S.

INNER
St ress 10 sec N.S .  S. N .S .
Relaxation 50 Sec N S  S. N_ S
0 . 5% Strain 100 sec N.S.  S. N .S.

1000 see N.S. S. N.S.

OUTER
Hardness 10 sec S. S. S.
(Shore A)

INNER
Hardness 10 sec S. S. N.S
(Shore A)

NOTE: NS = Not  Significant
S = Significant
The Regression Elevation is Y—AXYS Intercept

—70 —
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