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Abstract: In order to evaluate accurately the comprehensive performance of assembly
packaging ammunition using small samples, a new test and evaluate method is
presented. Firstly carry out the consistency test on the performance parameters
of electronic parts of ammunition before and after the experiment, which are
liable to the influence of various environmental factors, if the result of test is
consistent, then firing test is carried out in order to check the reliability of
whole ammunition. In the course of the consistency test, according to the
difference of electric parameters rank sum test and T-test is used, and the
Bayes method is applied in the whole ammunition’s reliability evaluation, and
an example is demonstrated in order to verify the validity of this test and
evaluation method.
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1. INTRODUCTION

For testing the quality of inner ammunition in general, all kinds of
environmental test on assembly packaging ammunition should be carried out
according to the demand of ammunition support. By virtue of the difference
of experiment’s method, packaging test can be divided into two kinds, one is
static test, such as stack test, pressure test, temperature test, humidity test etc,
the other is dynamic test, such as falling test, impacting test, collision test
and others. After doing traditional tests, firing test must be put up to analysis
the protecting ability of the packaging material and the rationality of
structure. But the test samples of new armed ammunition which is expensive
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is small, it is very difficult to get exactly the performance of packaging with
common methods'?.

From the result of research on the design and production process, in
expensive ammunition we can see the quality of inner electronic parts are
liable to the influence of various environmental factors compared with others
in the same condition. The states of most electronic parts can be checked
through special test window, therefore we can get the data of performance
before and after traditional packaging test experiment easily. If the
difference between two results is distinct, we can draw a conclusion that
packaging is not reasonable, if the results are consistent, then firing test is
carried out to test the reliability of whole ammunition in order to judge
whether it reaches an appointed technical index.

2. EXPERIMENT SCHEME

At first we select » ammunition samples from a batch of accepted
products at random and test electrical parameters, and get the test results,

which is denoted as: X = (X,,X,, -+, X,). Then the environmental stress

test is carried out which includes stack test, pressure test, temperature test,
humidity test, falling test, impacting test, collision test etc. At last we take
out the ammunition tested with stress experiment from package box, and test
each one’s electrical parameter again, which is denoted as
Y :(Y],Yz,"‘,Yn) .

Analyze the consistency of X and Y with the statistical method, if the
difference of the two results is distinct, the quality of the packaging is not
reasonable, otherwise if the result is compatible, then the firing test is carried
out in order to verify the quality of the whole ammunition further. Through
the firing test, the result function (s, f) is obtained, the variable s indicates
the number of success, findicates the number of failure. Given the degree of
confidence y, we can figure out the lower level of the reliability R, with the
formula (s, f), and compare R, with the ammunition’s reliability technical
index R; . By above way, we can judge the level of the ammunition’s
reliability is remarkable or not, and the conclusion of the packaging test is
got. The experiment scheme is shown in figure 1.
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Figure 1 Experiment scheme

3. STATISTIC ANALYSIS METHOD OF DATA

3.1 Test method of consistency

3.1.1 T-test of two collectivities

Given X ,X,,---,X, and Y,Y,,---,Y are two different samples
selected from  continuous  collectivity ~ F(x) ~ N(y,0°) and
G(x) ~ N(u,,0%). For checking the consistency of X and Y, that is, the
hypothesis is as follows: H : g, = g, H, i gy # 4, .

we sign:
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Given a check level &, the formula (2) is set up.

X -7|>St,,,,,(a/2) = Reject;

o @
X 7| < St,,,,(c/2) = Accept. )

3.1.2 Rank sum test

Given X, X,,---,X, and Y,Y,,---,Y, are two different samples

selected from continuous collectivity F'(x) and G(x). For checking the
consistency of X and Y, that is, the hypothesis is as follows:
H,:F(x)=G(x).

Put X and Y together, and arrange these data in order from small to big.
The serial number of each data is called rank. Sum the rank of small samples
compared with X and Y, denoted as T. If the hypothesis H is true, the

difference of two collectivities F'(x) and G(x) is no distinct, and the value
of T will be suitable.

Lookup the rank sum table of Wilcoxon
T: and T, under the test level «.

B4 we can get the critical value

P{T <T<T,}=1-a 3)

If 7, <T <T,, we say the hypothesis H is true, and the difference
between F(x) and G(x) is not distinct. If 7 <7, or T >T,, we say the
hypothesis H,, is false, and the difference between F'(x) and G(x) is

distinct. If the value of n and m is larger than 10, the statistical variable T
belongs to the normal distribution, this is:

4

T~N[n(n+m+l) nm(n+m+1)]

2712
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Therefore we can use U check method, and select statistical variable is
shown bellow.

T_n(n+m+l)

2
U= ~ N(0,1 5
’nm(n+m+l) ©h ©)

12

Under the check level ¢, the rejection region W is as follows.

W={u>u_,,} (6)

We can use software such as SAS, GAUSS, SPSS, MATLAB etc to help
us calculate the number of T easily. In this paper, we use the rank sum
function [p,h]=ranksum(x,y,alpha) in MATLAB to do this work, in which
the variable P is shown below.

p=P{T, <T <T,} ™)

If the value of P is larger than the given level, we reject H, and draw a
conclusion that the difference of two collectivities is distinct, otherwise we
accept H, and draw a consistent conclusion.

3.2 Method of reliability assessment

The result of the reliability assessment is explained with the lower limit
of the reliability R;, that is, given the degree of confidence » the equation
P{R >R, } =r is true, in which the variable R is the reliability of system.

If the collectivity belong to the distribution B(1,R), the test result is false
or true only, we select » products as test samples at random, and the number
of false result X meets the equation (8).

P{X=k}=C:R"™(1-R)" k=0),",n (8)

If we select Bayes method to assess the reliability of system, the
distribution Beta(a,b) is adopted, in which it’s density function is shown as
follows.

_T(a+b)

a-1¢.1 _ b-1
=TT ®) R'1-R)" 0<R<1 ©

7(R)
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In above function the variable @ and b is the super parameters of
distribution before testing. After we get Beta(a,b) and the test samples
(s, f) , by the Bayes theory calculate the distribution after test
(R|s, f)=Beta(a+ s,b+ f). So the lower limit R,, under the level of
y can be gotten by the formula (10).

[“7(RIs, NaR=I(Ryysa+s,b+ f)=1-7 (10)

Parameters a and b is confirmed with the information before test. Usually
for the ammunition product, (a,b) is set (1/2,1/2)P,

4. APPLICATION EXAMPLE

In order to test the packaging quality of one type missile, according to the
test and accepting rules of ammunition, select eight products as test samples
in qualified products. By special measurement instrument, 28 different
photoelectricity parameters of each product were attained, in which 16
parameters belong to the distribution of B(1,R) and they need not test.
Among all parameters only 12 connect with the quality of ammunition
closely, in which there are 8 parameters belong to the normal distribution
and we use T-test to check their consistency before and after experiment, use
rank sun test to check other 4 parameters which the distribution is unknown.
If one of 12 items checked parameters is distinct, it is shown the quality of
packaging will not be qualified. Table 1 is the test data of winding’s voltage
of OK, which belong to the normal distribution and Table 2 is the test data
of EBT resistance values. The analysis procedure is shown as follows.

Table 1 The Voltage of OK, (V)

Results before test X 0.11 -0.09 0.16 0.27 0.20 0.08 0.22 0.03
Results aftertest Y  -0.10  0.10 028 -0.16 0.08 0.19 -020 -0.39

Under the check level of o =0.05, we get X —Y =0.1475 and
S =0.96981 with the formula (1). Lookup the T-test table, we get
1,,(0.975) = 2.14479 , because of fX—Y' < 8t,,(0.975) , the difference
before and after test is not distinct.
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Table 2 The resistance values of EBT (Q2)

Results before test X' 3.5 3.0 33 2.7 1.5 43 2.2 1.3
Resuits after test ¥ 2.9 4.5 2.0 3.6 1.9 1.8 1.6 2.6

Under the check level of & = 0.05, we get the value of variable T is 70.
Lookup the Rank sum test table, we get 7, =52 and T, = 84 . Because
T, <T <T,, the difference before and after test is not distinct.

According to above method, under the level of & =0.05, 12 test
parameters are all not distinct. Then the firing test is carried out, and the
result is: the success number s is 8 and the failure number f'is 0, given the
degree of confidence y is 0.8, we calculate R, with the formula (10),
R, =0.90532. Compare with the designed mdex R, =09(y=0.8), we
can get the conclusion that the quality of ammumtlon is good and the
protecting ability of ammunition packaging is eligible.

5. CONCLUSIONS

Because of the particularity of ammunition, it is not easy thing very much
for assessing and testing the integral performance of the assembly packaging
ammunition, so this paper presents a problem of testing the performance of
the assembly packaging ammunition under the condition of small samples.
About this problem, a method of connecting checking and assessment is
introduced, and an example is demonstrated in order to verify the validity of
this method, which can evaluate the integral performance of ammunition
packaging accurately and offer a new mathematics theory method and path
for testing the integral performance of ammunition.
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