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The findings in this report are not to be construed as an official
Department of the Army position.

Disposition
Destroy this report when no longer needed. Do not return to the originator. .




L Note
E : This report is the first in a planned serles of the study of high
- pressure-temperature coefficient provellant for the M203 charge,

L e

- Contained in this report is propellant data for PY77 and PY79 o
production. As data for FY30 and subsegquent yesars becomes avallable,
this report will be updated and continued until the high ‘pressure« © Y

temperature coefficient problem is resolved.
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NS T~ Abstract ;
/,isﬁrﬁo M203 propeliing charge had exhibited a high lot to lot
. vaciability of gun pressuze (at hot firings) in the recent

production lots. A statistical analysis was conducted to
search for possible cause of the variability.™
3> A computer data file was generated for storing the data. Two
.. computer programs provided by MISD were used for speeding up
i the analysis. In addition several computer programs were
written to retrieve data for the plotting routine and for the
stepwise regression analysis. =7.°

L Two types of trends were observed from the plots and were

: sunmarized in Appendix 1. Results of the stepwise regression
indicated that the pH value '(Nitroguanidine) and §& Total
Volatile (composition) show a relatively high correlation to
the gun pressure (at hot firings), also, the § Graphite
(composition) and the combination of § Total Volatile
{composition) and & Moisture (Potassium Sulfate) exhibit a
functional relationship with the DP/DT (70 to 145)°FP
(difference in pressure/at different temperature range). A
summary of the final regression results is presented in
Appendix 2.

Some major changes in the source of ingredients and process
conditions were observed from Radford Manufacturing data. In
FY79, the supplier of the Ethyl Centralite was switched from
Chemische Werke, West Germany to Van de Mark, New York. The
source of Potassium Sulfate was also changed from Naval Ammo
Depot Crane, Ind., to Mellinekrodt Inc. In the same year, the
amount of graphite added to the process of blending/glazing was

. reduced from 5 1lb 6.4 oz to 3 1lb per 5400 pounds of

- propellant.




: Introduction

| . M30Al propellant produced in FY77 for the 155MM M203 propelling

. charge exhibited a pressure -~ temperature coefficient of
approximately 60 psi/CPF at the temperature range from 70°PF
(ambient) to 145°F (hot). All the hot firings of these
particular M203 prop charges resulted in relatively low

_ pressures. The sane type of propellant manufactured in PFY79

. has exhibited a pressure temperature coefficient of about

. double the coefficient observed in FY77 production. The hot

) firings in this case have resulted in higher pressures. These
high pressures have significantly reduced the safety margin
between the service pressure and maximum pressure requirements,
which were anjoyed from FY77 production.

: To investigate the cause of variability of the pressure -

I temperature coefficient, Radford AAP was requested to furnish
all manufacturing data including those acceptance test results
of all ingredients.

This report is a statistical analysis of all the data provided
by Radford AAP.

Discussion

A statistical analysis of all manufacturing data including the
acceptance test results of all ingredients was conducted. The
purpose of this analysis is to search for any functional
relationships between the manufacturing data and pressure -
temperature coefficient. Besides the pressure - temperature
coefficient, other output results, such as the closed bomb and
peak chamber pressure, were also considered during the
analysis. Since the output results depend highly on the
manufacturing data (purity of the ingredient, process, etc)
therefore, the output results in this case are defined as
dependent (or response) variables and the manufacturing data
defined as independent variable. The dependent and independent
variables which were considered in this analysis are summarized
in Table 1 and Table 2, respectively.

Two types of approach have been utilized in this analysis. The
first approach is to plot the manufacturing data against the
pressure - temperature coefficient or other output results. By
plotting, a decreasing or increasing trend could be easily
identified. The second approach is to conduct a stepwise
regression analysis on those variables.
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This stepwise regression is a statistical procedure of
selecting the best correlated independent variables for a
pacrticular dependent variable, and fit them into a regression
equation. A preselected F value, F(l,n-2,a), is required in
this stepwise procedure and is highly dependent on the degrees
of freedom (n-2; where n is the number of observation) and the
specified percent of confident level ( o& ) of the entering
independent variable. The preselected F value in this
particular analysis is 5.12 and vwas obtained from the F
distribution table at F(1,7,0.95). The process of selecting is
based on the partial F value calculated at each stage. 1If the
calculated F value of a entering independent variable is
greater than the preselected F value, the variable will be
retained into the regression equation; otherwise, the variable
will be rejected and another variable will be entered. This
process is continued until no more variables will be enteced
and no more are rejected.

After selecting the best variables chzougb comparison of the P
values, a correlation coefficient (R?) will be calculated.
This correlation coefficient is an indicator of measuring the
degree 0of correlation of the variables. As the correlation
coefficient approaches to unity, the regression equation
obtained from the stepwise procedure will become a precise
model representing the relationship between the independent and
dependent variables. This equation will be further used to

. predict the outcome of the dependent variable with a given

- value of the independent variable.

Because of a large amount of data involved, a computer data
file was then generated to store them. Two computer programs

- provided by MISD were utilized to speed up the analysis. One
program is used to plot graphs and the other one is used to
conduct the stepwise regresgsion analysis. Several computer
programs were also prepared to retrieve data for plotting and
as well as for the stepwise regression analysis.

After plotting all the manufacturing data against the pressure
data or other output tested results, two types of trends were
actually observed with the following classification (a) strong
trend (b) slight trend. Both of these trends are summarized in
appendix 1.
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Pour independent variables which belong to the strong trend t
catagory have been retrieved for the stepwise regression
analysis.. The dependent variables which are used in the
regression are the pressure data (fired at 145°F) and DP/DT

(70 to 145°F, difference of pressure data at the temperature
range from 70 to 145°P). The result of the regression has
indicated that the pH value (nitroguanidine), contained P value
egual to 15.837, and § graphite, contained P value equal to
30.90, show a relatively hig: correlation to the pressure at
145°F and DP/DT (70 to 1435)°F, respectively. A summary of

the final result of regression analysis is presented in
Appendix 2.

One major problem noted during the analysis was that some data
represented the ingredients at time of purchase rather than
when it was utilized. Por example, all the average particle
diameters of the nitroguanidine were measured at the source.
This material was then storeda for several years before use.
Because of inadequate storage conditions, the crystal structure
is believed to have grown. Although this report showed no
correlation of nitroguanidine size with pressure obtained,
analysis of particle size at the time of use might correlate.
But this additional data was not available at the time of this
analysis. Also some parameters upon review showed little to no
vacriation in recorded values and were not utilized in this
analysis. 1In addition, some major changes which were noted
from the Radford manufacturing data are important enough to be
mentioned in this report. These changes are as follows:

1. Changes in source of ingredients:

a. In 1977, the original supplier of Ethyl Centralite
was Chemische Werke, West Germany. In FY79, Van De Mark, New
York has become the new supplier of this ingredient.

b. Potassium Sulfate was originally obtained from

Naval Ammo Depot Crane (manufacturer unknown) and is currently
obtained from Mallinckrodt.

2. Changes in process conditions: In FY79 the amount of
graphite added to the process oOf blending/glazing was reduced
from S 1b 6.4 oz to 3 lb per 5400 pounds of propellant.

-




Conclusions
1. The analysis of data showed the following:

a. Data plottings of independent variables (e.g. % Total
Volatile, 8§ Ethyl Centralite, etc.) vs dependent variables
(e.g. pressure at 145°F, DP/DT (70 to 145)°F, RQ, etc)
indicates the existance of strong and glight trends (see
Appendix 1), FPor example, several independent variables (e.g.
S Graphite, & Total Volatile, pH of Nitroguanidine, etc.)
appear strongly to increase the pressure (145°F) of the
propellant. .

b. Results of stepwise regression analysis indicated that
the pE of Nitroguanidine and & Graphite in the propellant show
a relatively high correlation to the pressure at 145°F
and DP/DT (70 to 145)°F (difference of pressure at
temperature range from 70 to 145°F), respectively. A summary
of the final results is presented in Apendix 2.

2. There was insufficient data available to determine the
following:

a. If changes in physical data of a constituent material
from time of manufacture to the time of incorporation into the
propellant affect the pressures obtained.

b. If changes in sources of supply of constituent
materials affect pressures obtained.

¢. If changes in process conditions affect pressures
obtained.

Recommendations
Based on the preliminary results obtained, it is recommended
that the study be continued to:

a. Evaluate those parameters which appear to cause
pressure increase.

b. Determine if the following factors affect the pressure
observed:
l. Aging /storage conditions of constituent materials.
2. Changes in source of supply of constituent
materials.
3. Changes in propellant processing conditions.
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Appendix 1: Evalustion of Computer Graph Output

As previously mentioned all plots were generated by a computer program.
A title and & table of data sppesr om every plots. The values listed at
the left side of the table are the values of the independent variable and
were plotted on the X coordinate; likewise, the values at the right side
ars belouged to the dependent variable and wvere designated on Y
coordinate. These pairs of X,Y values are arranged in a chronological
order. A sywbol X on the plot is an indication of the first pair of X,
Y valus being plotted. The rest of data was then plotted snd connected -
by the lines in a chronological order,

Types of trends observed from the plots are summarized below.

A. Summary of The 3trong Trend Plots

lig ¢ Independent Variasble Vs. Dependent Varisble

1 pH Value (Nitroguanidine) Pressure at 145°°F

2 Total Volatile (2 Composition) Pressure at 145°F

3 Z EBthyl Cencralite (X Composition) Pressure at 145°F
%/pt, (70 -145)°F

4-7 2 Moisture (Potassium Sulfate) T2 /op (70 -165°P)

8-11 Total Volatile (X Composition)
25T /0T, (~65 ~145°P)
2Q90 - (RQ ~40)
OF/or, (-65 -145°F)
P¥/pe, (70 -145)°F

i2-16 2 2;:p:i:oéi:p::::;oition) %%—%%ﬁ%%% /DTy (70 -145)°F
DE {IESTr (65 ~145)°F
BQ90 - (RQ ~40)

be/DT, (70 -145)°r

DP TEST °
BF cu.:./"z (70 =145)°F

DP TEST o
OF m/lﬂl(-ﬁ -145)°F

’
22-26 Yr (Storage) Nitroguanidine
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Appendix 2 = Stepwise Regression Analysis
The regression equation used in ghis analysis is described as follows:

¥ = Bg+ B1X] +BX2 +.....+ Bl Xi +&
where :

Y represents the dependent variable

xi, X2+000es X§ are the independent variables
Bl, B2....Bj are the coefficient constants of the
independent vaciables )
& 1is the random error in each production lots
Bo is the constant of the equation

The entering independent variables are:

l. § Total volatile (composition)
2. § Graphite ( .

3. % Moisture { .. )y -
4. pR Value (Nitroguandine)

The entering dependent variables ares

l. Pressure fired at 145°F
2. DP/DT (70 - 145)°F
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APPENDIX 3: MANUFACTURING DATA OF “30A]l propellant
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