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Abstract. The strength reliability of a solid rocket motor shell is analyzed. The
maximum entropy test method, which is based on information theory, improves the
test entropy of a single test sample by reducing the load capacity of the engine shell
design under the condition of keeping the load of the engine housing unchanged, so
that the total sample size that is required for the test is greatly reduced. The results
show that test method of maximum entropy can solve the problem of shell strength
reliability assessment when the engine sample size is small. This method can also be
applied to small sample reliability assessment in other fields.

1. Introduction

The rocket sled test is a test method that simulate the flight speed and acceleration characteristics of
the tested products. When the rocket sled is moving at high speed in the track, the vibration
environment of the sled is bad because of the track irregularity and the gap between the slipper and the
track, which affects the safety of the engine. The study shows that the average vibration acceleration
of the sled car is 74.6g when the speed of M is running at the speed of 100m/s. The acceleration will be
greater if the speed is further improved. The structural reliability of the newly developed rocket engine
is not only related to the success or failure of the test, but also to the personal safety of the test
personnel.

The rocket engine is one of the disposable products, and the price is expensive. The new evaluation
methods of the reliability of the new rocket engine include the Bayes method %, the safety factor
method ®*! and the classical statistical method. On the basis of the information theory, the maximum
entropy test method keeps the engine shell from bearing the load, and reduce the load capacity of the
engine shell design as far as possible, thus reducing the test times and solving the less sample size of
the engine.

2. Maximum entropy test method
In information theory, information source is the source of information and the source of producing
news or message sequence. In communication system, the source can be described by a sample space
X:
: . . &, 8, a,
and its probability measure - probability space. They are
p: Pis Pyyeey Py
probability of sending messages to a source which is called self information, and its value is
expressed by the negative value of its probability logarithm, that ist":

H=-log, P (1)

} .Among them, p;is the
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In the form:H-Entropy, P-The probability of the information source to transmit the signal
successfully,  a-At the bottom of the logarithm.

Similar to information theory, the reliability test information obtained from each sample test can be
defined as information generated by sources.

TH =-InR=-In(1-Q) (2)

In the form: TH-Test entropy, for computing convenience, R - the probability of success in testing,
that is, product reliability, Q - the probability of failure in testing, that is, product reliability.

Cp is the carrying capacity of product design, Ce is the actual carrying capacity of the product.,as
shown in Figure 1 81 M=Cp/P5 is called the function margin coefficient.
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Fig. 1 the relationship between the unreliability of the product and the load and carrying capacity.

In Figure 1, the success and failure (F=0) tests at B point (using design load PB) and at A point
(using intensified load PA) are analyzed and compared.

N,(=InR,) =Ny (-=InR;) =-Inl-7) 3)
In the form: R-for reliability,y-for confidence,N-for all successful samples.

As a result, the entropy of a single test sample can be greatly increased by strengthening the load
(or reducing the load capacity), so that the total sample size required for the success or failure type
(F=0) test under the strengthened load is greatly reduced. The basic formula of the maximum entropy
test method is derived from Figure 1 below.

The coordinate values of the load P, and Pg are first converted into the standard positive and state
distribution ', and can be obtained from Fig. 1:

P, — = P
et S (E LN EE @
o) o o)
il R ©
(o) O O
After finishing:
N — In@-7) ©)

m%—®PK—Dﬂ—K®1mﬂ}
()

In the form: R - reliability of products,y- the confidence required,u- the mean of product function
parameters (ability),c- the mean variance of product function parameters (ability),K- entropy
strengthening coefficient,N- the sample size required for maximum entropy test,@- the normal
distribution symbol.

After the maximum entropy test is carried out, the above formula can be used to evaluate the
reliability of the product.
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3. The method of determining the influence factors of reliability assessment
Through the product reliability calculation formula of maximum entropy test method, entropy
strengthening coefficientk ™ and material strength variation coefficient(D=c/11) can be seen™".

3.1. determination of entropy strengthening coefficient K [*°

In the test of the structural strength of the rocket motor, the bearing capacity is minimized when the
load remains unchanged. The load capacity decreases, the load capacity is constant, the load
increases.The decrease of load capacity is equal to the increase of load when the carrying capacity is
constant, C, —C. =P, - F;.

The definition of entropy strengthening coefficient 9 and the function margin coefficient:

C,-C C,-C
K=1+—L2—FE=1+—L2 "EM (8)
PB CD

In order to guarantee the success probability of test method of maximum entropy, the structure
strength for skid engine is C. > P, , so the value range of entropy strengthening coefficient
isl<K<M.

In practice, the experimenter is not aware of the design margin (or design load) of the tested

product.M is unknown. In this case, the entropy enhancement factor K can be estimated using the
average load ratio of each unit carrying capacity.

R _PelCe _Co ©)
P,/C, C.

K"s point estimation is biased estimation, but the estimated value is small, biased to conservative
estimation, which will not affect the reliability test and evaluation result, which will only lead to the
increase of test samples.Therefore, in the case that the function margin M is unknown (or the design
load P, is unknown), the entropy strengthening coefficient F in the basic formula of test method of

maximum entropy can be replaced as K value.

3.2. determination of variation coefficient D=o/ .

The variation coefficient of the structural strength of the engine shell can be easily calculated by
using the total coefficient of variation ™.Its basic method is based on the characteristic value of the
sample mean and sample standard deviation, mathematical statistics method, calculate the confidence
lower limit such as sample mean type (13) and the sample standard deviation confidence limit such as
type (14), and that is equal to the population mean J and the overall standard deviation of the

characteristic value of 4, to calculate the characteristic value of the total variation coefficient .

PI(X ~K.S) < 1 <] =y (10
P(o; S\/K728i):7 (1)

In the form: K, -K, =t,, INOE K,-» Ky=(n=1)/ % -confidence,  -risk ratio, n -the
number of samples is 24~50M2.
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4. Reliability analysis of engine structure

4.1. shell thickness design

Rocket engine is for rocket skiing sports power components, in order to make the whole vehicle in
meeting the requirements of the technical indicators of quality of speed, load, etc, requirement of
rocket engine thrust 3231kgf , hours of work for 3.5s .In propellant performance parameters,

charging and motor structure parameters must be the case, using the zero dimension interior ballistic
equations ™ to calculate the maximum pressure of gas in the engine 12.1MPa |,

peq(+50°C) =15.1MPa propellant in 50 “C when the balance of pressure, maximum pressure by
the calculation formula of 4 ;
Pn = Peq(+50°C) -k, -r, (12)
In the form; kp - pressure jump coefficient 1 ~ 1.25, 1 - pressure peak ratio 1 ~ 1.2.

The calculation can be obtained after substituting in the above formula.Calculation formula of
minimum wall thickness of chamber shell I,

S = i i (13))
2.3¢[o]-pp,

In the form: ¢ - pressure fluctuation coefficient, 1.1 ~ 1.2, 1.1, & - weld strength coefficient, 0.9 ~
1.0, from 1.0, D, - outer diameter of the shell and b,[c]- the shell material 30CrMnSiA allowable
stress, according to the material manual [c] =833/1.15=768MPa, and substitute the values of
D,, p,, and [c]into the above formula to obtain J,,, =3.512mm.The wall thickness of the actual

product is 4.0mm.

4.2. shell strength test

Stage of product development, manufacturing of shell thickness of 3.6 mm 30 motor shell sample,
test its structural strength is 825MPa, to calculate the allowable stress sample mean for 85MPa,
allowable stress sample standard deviation is 812MPa , allowable stress are obtained by type (13), the
overall average for m, allowable stress are obtained by type (14), the overall standard deviation for n,
the resulting: the coefficient of variation

D=0o/u=83/812=0.1022

4.3. ground test test.

Install 5 before the rocket engine on the static test bench for the ignition experiment %), by pressure
sensors and force sensors, will be in the process of combustion pressure and thrust into electrical
signal, the data acquisition system for processing, to obtain parameters such as pressure, thrust can
satisfy the requirements of indicators, including measurement, 5 times the minimum value of
maximum pressure is 22.1MPa

4.4. reliability evaluation

Test, in the case of the load unchanged (maximum pressure according to the requirements of thrust
calculation), to minimize the carrying capacity after (test product processing when the wall thickness
for 3.6mm s less than the actual product is 4.0 mm thickness), entropy coefficient of reinforcement
are obtained by type (12) :

K :&: 22.1x252/3.6x2 11358
Cc 22.7x252/4.2x2

The reliability of the product is obtained by equation (10) at the request of the confidence y =0.8.
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(11358-1) 222 _ {1_eXp{'n<1—50-8>}}
=0.9548

R—® 83

1.1358

Based on the above calculation, the maximum entropy test of the five ground tests is obtained, and
the results of the evaluation of the structural strength of the engine shell are obtained by 0.9548.1f the
same reliability is assessed using conventional test methods of success or failure, it is necessary to do
at least u test of ground test N = In(1—»)/In R =1In(1-0.8)/In 0.9548 = 35 .1t can be seen from this

that it is very effective to solve the problem of small sample reliability test and evaluation with
maximum entropy test.

5. conclusion

Using the maximum entropy method based on information theory, the structural reliability of
engine test, under the condition of constant maintain engine load, reduce engine design carrying
capacity, improve the individual test samples passed the test information, thus greatly reducing the
reliability evaluation of the sample, solved the engine sample size is small, difficult to evaluate
structural reliability problems.
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