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STRACT ey

i
This report contains propellant test results from cartons of

TP-H1043 propellant representing selected batches used in the aft
closure of First Stage Minuteman Motors. Data from TP-H1043 pro-
pellant obtained from the aft closures of the LGM-30 A, B, F and G

Motors are reported in regression analyses for the fifth time and 4

the fourth time using the G085 computer system. Testing was accom-
plished in accordance with MMWRME Project M8293.cC.

An analysis of all parameters indicate that no significant |
degradation is anticipated for at least two years past the oldest
data point. L

Each point on the regression plot represents all samples at

that particular age. The number of samples at each point is indi-
cated on the sample size summary sheet on the page accompanying

each regression plot. The data range at any age can be found by

O P

suitable inquiry of the GOBS system.
A
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GLOSSARY OF TERMS AND ABBREVIAT IONS

Aging Trend A change in properties or performance result-

ing from aging of material or component

CSA Cross Sectional Area

DB

Dogbone

Degradat ion Gradual deterloration of propertics or performance

Modulus (psi), defined as stress divided by
strain along the inftial linear portion of the
curve

End Bonded

Effective Gage Length

Strain at max imum stress

Strain at rupture

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

JANNAF Jolnt Army, Navy, NASA, Air Force Committee

MAGCP Propellant Lab Section at O0AMA

Q0AMA

Ogden Air Materiel Area, Air Force logistics
Command

Regression The general form of the regression equation
Equat ion i ¥ = & 4+ By

Regression Line representing mean test values with respect
Line to time

Standard error of estimate of the regression
coetficient

S or S St adard deviation ot the data about the
regression line




GLOSSARY OF TERMS AND ABBREVIATIONS (cont)
SN Max imum Stress
Sr Stress at rupture

Standard
Deviation(sS ) Square root of variance

Strain Rate Crosshead speed divided by the EGL

t" test A statistical test used to detect significant
difterences between a measured parameter and an
expected value of the parameter (determines if
regression slope differs from zero at the 953
confidence level)

Variance the sum of squares of deviations of the test
vesults trom the mean of the serles after divi-
sion by one less than the total number of test
results

j Sigma Band The area between the upper and lower 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 popu-
lation is normally distributed.

90-90 Band It can be stated with 908 confidence that 90% of
the inventory represented by the test samples
would fall within this range assuming that the
population is normally distributed.
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SECTION I

INTRODUCTION

A. PURPOSE:
Quality assurance tests have been conducted for 12 1/2 years on First | ]
Stage LGM-30 TP-H1043 aft closure propellant.
Statistical analysis of the tests performed, as directed by Engineer-
ing, should provide early warning if serious degradation trends occur.
Bvaluation of the propellant provides data that can be put directly into
engineering reliability and service life predictions. Testing was per-

formed in accordance with MMWRME Directive GTD-1C, Amendments 1 and 2.

-y

B. BACKGROUND:

TP-H10L3 propellant is used in the aft closure of LGM-30 A, B, F and
G First Stage Motors.

This test period represents the fifth time that TP-H1043 propellant
has been reported by regression analysis. This is also the fourth time
that data has been processed utilizing the GO85 System.

This report represents a large increase in the number of samples |
tested. Moreover, the age distribution increased to cover a 12 1/2 year
time period (4 to 16 1/2 years).

The slope of the respective regressions for this report (Figures 1
thru 14) and the previous reports (1976 and 1977) are very close. The
regression slopes of three successive test periods matched very well.

This is probably due to the increased number of samples and the stabiliz-

ing of post cure chemical changes in the binder.




o

C. SAMPLING PLAN:

As many as four aft closures are cast from the one TP-H1043
propellant mix. In order to reduce the number of tests, only one
batch from each mix will be tested to obtain uniform test results.
The selected batches are from the same batch as those previously

tested and reported in MAGCP Reports 185(70), 195(70), 239(72),

Low rate tensile, high rate tensile and hardness tests were
pertformed on each propellant batch mix.

D, STATISTICAL APPROACH:

Linear regression analysis was used as the method of data
evaluation. Data from different time periods were used to establish
a least squares trend line for the 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 sample distribution fall within
this interval. This tolerance interval was extrapolated to a
maximum of 24 months. The "t" values and the significance of this
statistic, which are reported for each regression model, give an
indication of the "statistical significance" of the slope of the
trend line as compared to a line of zero slope.

Each point on the regression analysis is a calculation of all
samples at that particular age. The number of samples at each point
is indicated on the sample slze summary sheet accompanying cach

repression plot. The data range at any age can be found by suitable

inquiry of the GO85 system.
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SECTION IX

TEST RESULTS

A. LOW RATE TENSILE:

ALl of the low rate test parameters show a statistically signifi-
cant decrease (Figures 1 thru 5). The strain regressions (Figures 1
and 3) show a very gradual decrease. Regression slopes for stresses
and modulus (Figures 2, 4 and 5) show a change with respect to tima.
nis change is less than in the previous report. Although all of the
regression trends show a decrease, the propellant still shows good
stability and from this analysis the propellant will perform satis-

factorily for at least two years beyond the last data point.

B, HIGH RATE TENSILE:
The strains and maximum stress regressions show a statistically sig-
Cicant decrease. The stress at rupture shows no significant change.
(he modulus shows a statistically significant increase (Figures € thru 10).
For those regressions showing a statistically significant change, the

s1opes are gradual.

C. HARDNESS:

‘hore A Initial hardness test data regressions shows no significant
change while the ten second regression shows a statistically significant
gradual increase (Figures 11 and 12). The Shore C regressions show a

statistically significant decrease (Figures 13 and 1%).

-




SECTION III

CONCLUSIONS AND RECOMMENDATIONS

The slopes of the regressions are gradual and close to a line of
zero slope. From this analysis, no significant degradation seems
likely and the propellant service 1ife may be extended for at least
two years beyond the date of the last testing.

[t is recommended that testing be continued to assure service

life extension and confirm the present trend.
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