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Abstract. In this paper, the function relation of air-to-air missile body structure reliability
optimization is studied. The relationship between structure quality and structure reliability of
air-to-air missile is studied deeply, and mathematical model between the reliability of missile
structure quality and structure parameters is established, then the reliability of the air-to-air missile
body structure is optimized by taking the parameters of the second class missile and some cabin
sections as the original data, which put forward a new research method for the reliability
optimization of the air-to-air missile body structure.

Introduction

The structure with the best reliability is a structure with minimum quality or minimum cost in the
case for a given structural scheme and structural reliability [1]. It is equivalent to the question that
the optimal structure in the sense of reliability is the greatest reliability for a given construction
scheme and a given structural quality or cost [2]. More specifically, the structural reliability
optimization task may be determined by determining the geometric shape of the body structure
section and the required reliability based on the analyzed external forces acting on the structure [3].
It indicates that under the action of external load, the structure has the most reasonable arrangement,
the quality or the cost of body structure should be minimal.

Relationship between Quality and Reliability of Each Structure of the Air-to-Air Missile
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Figure 1. Initial image

In order to determine the relationship between reliability, quality, and cost, the following analysis
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can be performed when the reliability of the body structure is optimized. An increase in structural
reliability results in an increase in the mass of the structure [4]. In the case of a cabin structure, the
reliability of the structure is equal to 1 when its mass is infinite. With the decrease of cabin structure
reliability, cabin structure quality decreases. And the structural mass of the cabin is approximately 0
when the structural reliability of the cabin is equal to zero [5]. It is confirmed by the analysis of the
calculation results of a large number of components and cabin structures.

Through the analysis, the relationship between the reliability and the quality of cabin structure is
shown in Fig. 1.

As can be seen from Fig. 1, When the reliability P. is greater than 0.5, the relationship between

structural reliability P, and mass is approximately shown as follows.

M =k@d-PR)™ (1)

During the above formula, « and k are unknown parameters, they shall be derived from two
different reliability values of the component or the cabin.

Assuming that the mass of the cabin or the component is M, , the corresponding reliability value

is P, and the corresponding reliability value is P,, when the mass is M, ,and then
M, =k(1-PR,)™

M, =k(@-P,)*
Divide the two sides of the two formulas separately, and the following formula can be get.

M, _[1=Ry
M, (1-P,

After taking the natural logarithm both sides of the formula, the following result can be get.

n| Mo |Z g 1P
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Therefore ¢ and k are available as follow.
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If the calculation can’t be completed in advance, the approximation is desirable.

k =0.67M, (4)
During the above formula, M, is the structural quality when the safety factor 1.5 is taken to
design the structural quality in the traditional design method; and the « =0.01.

Reliability Optimization of Air-To-Air Missile Body Structure

For different parts of the structure, the parameters « and k values are different [6]. Table 1 lists
the values of o and k for some sections of the secondary missile and the entire body structure
[7]. Eq.1 is equally applicable to structure at all levels of the missile and body structure.
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In the traditional design method, the relationship between the safety factor and the structural
reliability can still be modeled as that between the structure quality and reliability [8], approximate
expressions are given.

Yk = kf(l_ Pr)ia
In the formula, y, is the safety factor used in the traditional design method; k, is the

utilization factor.
Based on experience, it can be assumed that the mass of the structure is proportional to the safety
factor, that is to say,

M :(%]H
7o

Table 1 Parameter values for secondary missile classes and certain cabin sections

Structure name k/Mg a ks
Head 0.6 0.007 0.91
Instrument compartment 0.7 0.004 1.14
Fuel tank 0.7 0.130 1.10
Tail cabin 0.6 0.016 0.94
First - level structure 0.6 0.03 1.07
Secondary structure 0.7 0.013 1.10
Projectile structure 0.7 0.013 1.10

In the formula, M, is the structural quality when the safety factor is selected as y,, in the
traditional design method; y,, is the traditional safety factor used in the first phase of the design,
generally take 1.5. Therefore the parameter y, can be available as follows.

=Ty = Lo gqpYyr =k, (1-P)“
Yk M, M, ( r) f( r)

So the parameter k; can be obtained.

k, =k Zo M = L0 k(- p ) =k, (1-P )"
MO 0
When the structural reliability is the optimal value, the optimal value of the safety factor of the
traditional design can be obtained [9].

Ve =K (1_ P )
In the formula, the parameter P’ is the optimal value of structural reliability.

It should be noted here that the assumption that the safety factor of the traditional design is
proportional to the mass of the structure is not necessarily correct in the case of structural instability
[10]. But in general, this assumption gives a good approximation.

If the structural reliability of the body and the safety factor used in the traditional design can’t be
determined, the following empirical formula can be used to make some estimation in the case of
high structural reliability.

~lg(1-P,)=25y, —27
The relationship between structural quality and cost can be expressed as follows:
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C=¢p(M)

A better and more detailed functional relationship can be given by analyzing the data of the
previous design of missile structure. After eliminating quality from the relationship between
structural quality and structural reliability and the relationship between structural quality and cost,
the relationship between structural quality and structural reliability can be obtained as follows:

C=1(R)
This relationship should be used when optimizing the structural reliability according to the cost
curve. In particular, there is a relationship between the structural quality and the cost as follows:

C, =AM/nB,

In the above formula, C, is the manufacturing cost of i-th kinds of parts, A is a constant
related to the cost of i-th component, M, is the mass of i-th component; g is the index taking
is the number of i-th component. B, is the

average number of cost reductions for manufacturing n i-th components, which depends on the
production expansion coefficient and the number of manufacturing.
The coefficients A, g, and B, can be determined based on the statistical data. If the number

into account the impact of the quality on the cost; n.

of manufactured components n, is known, the average cost C,/n, of the component can be

determined, and then the cost of the entire body structure can be determined. The cost is generally
used in reliability optimization of the body structure.

Conclusion

In this paper, the mathematical model of function relationship for structural reliability optimization
of air-to-air missile body structure is established through in-depth study on the structure of optimal
reliability. The reliability of air-to-air missile body structure is optimized based on the established
relationship model of structural quality and structural reliability of air-to-air missiles and taking the
parameters of secondary missile class and certain cabin sections as the original data, the effect of
the optimized reliability in engineering practice is effective. A new research method for the
reliability optimization of air-to-air missile body structure is put forward.
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