MINISTRY OF EDUCATION, SCIENCE, YOUTH AND SPORTS OF UKRAINE
                          National Aviation University

METHODS OF DEPENDABILITY 
CALCULATION
РОЗРАХУНОК  НАДІЙНОСТІ  СИСТЕМ  АВІОНІКИ 

Practicum 
Branch 6.051103 „Avionics“ 

performing of the semester task of discipline 
„Dependability of avionics systems “ 

Кyiv   2011
УДК 629.735.05.017 (076.5)

ББК 0560я7

Г ХХХ
Authors:   Gribov V.M, Kozhokhina O.V., Grishenko Y.V.
 Reviewers:   
1. Head of sector enterprise
 "Derzhavtotrans NDI proekt"                                               A.  Chudesov 
2. Head of aeronautical equipment of enterprises of the State "Antonov"                                                A. Kulik

3. Professor of National Aviation University, 
Doctor of Physical-Mathematical Science, 
Professor                                                                 V. Tronko 
Approved by methodical editorial council of National Aviation University (protocol № _ since _ . _ . 2011 р.).

Methods of Dependability Calculation: practicum / Methodical recommendation for implementation of term task for students of branch 6.051103 «Avionics»/ author:  Gribov V.M, Kozhokhina O.V., Grishenko Y.V.  – К.: NAU, 2011. – 32 p. 
Described and illustrated examples of recommendations for calculating of indicators of dependability of avionics systems based on modern probabilistic-physical approach in accordance with the contents of semester tasks, which are performed by students of branch  6.051103 «Аvionics» during  studying the discipline “Dependability of avionics systems” .It could be useful for students of other specialties during performing the calculations of dependability in term papers and diploma works (project).
УДК 629.735.05.017 (076.5)

ББК 0560я7

      (V.M.Gribov, O.V. Kozhokhina, Y.V.Grishenko  2011
INTRODUCTION
The current approach considers the issue of dependability the most important part of the design of aircraft products and systems, including the performance of course and diploma works (projects) [9, 10].

According to the educational purposes of discipline, "Dependability of avionics systems" [3], who studied in the fifth semester, students complete semester task [4] for the solution of problems of dependability with respect to avionics systems on the basis of modern probabilistic-physical method, a model in which dependability is nonmonotonous diffusion (DN) distribution [7].   
These guidelines provide independent work of students in mastering probabilistic-physical method of calculating reliability. The recommendations are accompanied by results of the task items, as well as illustrations and in some cases, reference data, which were absent prior to publishing the work [3]. 

Effective solution of practical problems in any field of knowledge requires the use of modern information technology. In engineering practice, the most common systemic application Mathcad, which for many years past has been the leader in its class of mathematical and educational software. Preparing to address reliability problems in Mathcad, analysis of data obtained by them, the formulation of conclusions based on analysis and protection of the works provide an understanding and zasvoennya theoretical discipline "Dependability of avionics systems."

The recommendations given listings working field Mathcad, which illustrate the individual stages of the binding solution of problems.

A necessary condition for successful mastery of academic material is rhythmic discipline of the student's work during the semester. Students representing the protection problem semester tasks delays the learning process without good reason, score by multiplying the obtained result (in the 100-point scale) by a factor of eurhythmy Ke, by department (for example lag of one week Ke = 0 , 8; for two weeks - Ke = 0.6, three and more - Ke = 0.4).

In preparation for the protection of semester tasks should be detailed and convincing answer to the questions presented in the form semester tasks for each task and provide control of learning a particular subject discipline

1. Dependability analysis of avionics system statistically failure
1. Set duration of work ti  [hours], i[image: image2.png]


, before the failure of the any aircraft systems:

{ti} ( {2589   3408   3992   4160   4858   5437   5752   5785   6279   6512 7741   7818   7830   9839   10589   13919   15119   18625   21462   28758}.
For the purpose of per-page placing of the information in the newly created Mathcad-document, it is expedient to set an initial array for the statistical of failure in the form of a matrix of any admissible size, for example 10x2, where quantity of columns M=10, and quantity of lines N=2 (for N=1 vector ti, operate outside of the Mathcad-document).

2. Building diagram of distributions of failures and histograms of the distribution density of operating time to failure is carried out with USING of function hist (int, t), for the specified number of intervals L, as it shown in listing 1.1

Listing 1.1. Construction sequence of the density histogram

[image: image3.emf]


From practice of use Mathcad it is established that recommended function hist (int, t) constructions of distributions of random variables in the set intervals adequately displays position of diagrams and histograms in corresponding coordinates at a condition of argument shift values of int on the right on an axis of abscises on half of width of interval (t, as is shown on listing 1.1.

	Listing 1.2. The program of norming condition performance


Check of performance of a rationing condition is realized by means of the simple program of summation of the areas of columns of the histogram (listing 1.2). 
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3. Definitions of statistical characteristics of product dependability - mean value and to factor of operating time variation to failure, and also asymmetries of distribution of failures to carry out by means of function [5]:
– mean (t) – a expectation value of a random variable which is presented by matrix elements {ti};  
– stdev (t) – root-mean square deviation t from a mathematical expectation То;

– skew(t) – asymmetry of distribution failures.

Instantaneous variation operating time to failure  
( = stdev(t) / mean (t).
Listing 1.3. Failure distribution function F(t) in the field of the histogram f (t)
[image: image4.emf]


4. When building of empirical function of the distribution failures F(t) in the field of the histogram f (t) appropriate to use a second Y-axis graph, since the value function F (t) and f (t) are significantly different (listing 1.3).
5. Schedules of failures empirical model F (t) and f (t) which are received on the basis of the histogram and on the output statistics {ti} accordingly; it is presented on listing 1.4.

[image: image63.emf]

Listing 1.4. Drawing of distribution function which are received on the basis of the histogram and on the initial statistic
[image: image64.emf]
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6. The empirical dependability model of products is under construction on initial statistics {ti} by means of cyclic calculation (listing 1.5).
Listing 1.5. Executive program conditional test of norming R(t) 
[image: image66.emf]
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For definition of a mean operating time to failure it is necessary to give a conclusion of dependence of the given indicator of non-failure operation from probability of reliability behind empirical model of dependability.

7. The report on task performance contains: statement of a problem and the data out, analytical dependences, tables with intermediate and definitive results, a drawing, text comments and conclusions on task points. The report is made out on working field Mathcad, it is unpacked and given to protection in terms which are established by the working curriculum from discipline [11].

2. Estimation of the dependability of restorable systems avionics
1. This dependence of one indicator of reliability of restorable avionics system on the duration of flight operation t (Table 1), which is obtained by predicting the reliability of probabilistic-physical methods.

                                                                              Table 1

	t(10 – 3, 

f. hours 
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60

	M[m(t)], failures
	0,004
	0,15
	0,95
	3,13
	7,23
	13,5
	22,1
	32,8
	45,5
	60,0
	76,2


2. Initial data and results of calculations of other indicators of reliability of restorable avionics system [8] suggest that you write in the form of vectors t, ( (or М), ( and T1 (listing 2.1).
Listing 2.1 Indicators of reliability of restorable system
[image: image7.emf]
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On listing 2.1 elements of vector t reduced by three orders for reducing magnitude of the vector. After transposition of the vector t value developments are given in accordance with the original data on the multiplication of 103. A similar operation was carried out with the elements of vector (.
3. Dependence of indicators on the duration of flight exploitation are submitted by graphs ((t), ((t) and T1(t); to attach (if necessary) logarithmic scale listing 2.2
Listing 2.2Applying logarithmic scale
[image: image68.emf]

[image: image69.emf]

[image: image70.emf]

[image: image11.emf]


In estimating the durability of a given criterion of extreme position must be used Trace X-Y" [5]. Example of determination the mean lifetime of the criterion limit of Т1min = 500 flight hours are on listing 2.3
Listing 2.3 The estimation of lifetime of avionics system
[image: image12.emf]


5. The intensity of the operation of the airplane, depending on region, type of aircraft and flight path length can be 4 - 18 hours a day.

6. Summary report on the implementation of Task 2 meets the requirements of point 7 (task 1).

3. Study of dependability models

The choice of a different model in predicting the failure of dependability is crucial for obtaining objective quantitative estimates of different indicators. One of the most important criteria when choosing a model of dependability is its adequacy - the ability to describe accurately the shape of the distribution of failures strife of real item[7]. In this task is performed comparative analysis of the adequacy discussed in academic discipline EXP -, LN -, W -, DN - and DM-models of dependability

1. The initial data is a statistics {ti} task 1 and the results of its implementation (Listing 1.5).

2. To ensure the adequacy of the original model of dependability of statistics necessary to calculate the value of the model parameters as a function of the statistical characteristics of field data on failures. It's enough to equate the first and second moments of the theoretical model and the statistics of these equations and find the value of the model parameters. For example, a logarithmically normal (LN) model, of dependability the parameters ( and ( TLN (the first initial moment) and the coefficient of variation of operating time to failure (LN (characteristic of the second central moment) are as follows:

[image: image71.emf]

         (1)

The right-hand side of (1) equates the value of statistical fact То and ( - it provides “stiff connection” parameters of the theoretical model to the initial statistics:           

[image: image72.emf]

                                                                                            (2)
The value of ( and  ( parameters of theoretical LN-model of dependability we can find from the equations (2)

[image: image13.emf]

   [image: image14.emf]


Method "bind" values of model parameters to dependability to the statistics of operational failures is given in [2]

In calculating the reliability function Rmod(t) defines a uniform distance from the axis of experience in the range of existence of an empirical model of dependability, schedule theoretical models Rmod(t) build on the " R(t) – t " (Listing 1.5).

4. The result obtained in Step 4 tasks 3 - model of the original statistics- f (t), F(t) и R(t) on the background of the histogram density developments to failure is shown in listing 3.1 for the most appropriate model of dependability for L = 6.
Listіng 3.1 The histogram of the density of failures and model of dependability

[image: image15.emf]


5. Listing 3.2 illustrates an example of the statistical failure rate, which is built using hist (int, t) with output set to 1.

In constructing the empirical failure rate on the initial statistics, pay special attention to the definition of N(t) - number of products that retained a usable state by the beginning of the k-th interval histogram, for which the calculated value of  (k(t).In the analysis of the curve shape, which can bend around ((t), should be excluded from examining the last two columns in the result of the lack of statistics on these intervals as failures like this, because the number of products that have performance to the top of the 5th interval (Nk(t) = N5 = 3), does not reflect the pattern of change in the intensity of failures.
 6. Summary report on the implementation of Task 3 meets the requirements of point 7 (task 1).
Listіng 3.1 The histogram o instantaneous failure parameter for  L= 6

[image: image16.emf]


4. Alignment of statistical series

1. Performance data on the failure of similar previous avionics products processed (defined by nk the number of failures in each interval (t) and presented table. 2:

Таble 2

Output data to the task of the statistical series alignment
	k
	1
	2
	3
	4
	5
	6
	7
	8
	9

	nk((t,  t)
	40
	36
	20
	12
	12
	4
	4
	1
	1

	The value of the interval:   ( t = 3481,56  hour;
Operating time corresponding to the middle of the first interval:    t1  = 3554,78 hour.


2. Theoretical explanation of the choice models estimated reliability (or models that compete) and examples of solving the problem aligning statistical series given in [2].

3. Validation of the executed resolution recommended test using pirson. bas [3].

4. Summary report on the implementation of Task 4 meets the requirements of point 7 (task 1).
5. Calculation of dependability of the system lambda method

1. As the system considered multilayer printed circuit board (PCB), consisting of rapidly block (CRB) – typical renewal element (TRE) in the avionics structure. CRB avionics are designed to work with real operational factors - electrical, thermal and mechanical loads, which are shown in the semester assignment. Characteristics of system elements are given in Tab. 3 (Output data).

Table 3

 “(-picture” systems (PCB)
	Initial data
	Reference data
	The result of calculation 

	i
	The elements of a system
	ni
	(д.i(106,

h–1
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	Аt.i

	Аm.i
	(s(106,

 h–1
	To ,

hours
	T( ,

hours

	1
	DD  (К561ИЕ10)
	120
	0,214
	0,467
	0,95
	0,05
	
	
	

	2
	R  (type МЛТ)
	86
	0,010
	0,707
	0,75
	0,05
	
	
	

	3
	К10-50 ( ceramics)
	72
	0,014
	0,576
	0,55
	0,05
	
	
	

	4
	Contact sockets
	24
	0,005
	1,0
	0,40
	0,03
	To.r , hours
	T(.r , hours

	5
	PCB
	1
	0,025
	1,0
	0,85
	0,10
	
	

	6
	Connection by soldering
	2260
	0,002
	1,0
	0,35
	0,01
	
	


2. (-method of dependability calculation is based on a strictly exponential probability distribution of failures, the value scale of the conditional distribution of landed failure rate equal to the reference [7].
Reference failure rate (s.i elements, their sensitivity to temperature Аt.i.i and mechanical Аm.i   loads and electrical loads
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 finds coefficients in [3, Appendix 14]

The coefficients of thermal and mechanical loads (Section 1) are CRB in general and the same for all system elements.

The number of soldering points ni is determined by summing outputs, resistors and other elements of cost to install.

Based on the output and reference data necessary to calculate the reliability indices (с, To, Rс(t) and T(  of the considered system (PCB), indicators (с.r (t), То.r, Rr(t) and Т(.r Single dose (r = 1) loaded reserve (overlapping) systems, as well as indicators storability PCB.

3. Failure of (с failure rate determined by the sum of its elements [3, F-La 3.14]. Conclusion calculated according to definition of failure rate (р.i elements of i-th type in the simultaneous effect of operating loads, and
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, Kt.l і Кm.l   given in [3, p. 185-194]
4. When calculating the probability of failure-free operation of the system Rc(t) be aware that PCB quick-release unit is a system of minimum complexity, it lacked a back-up. 

For such a system necessary and sufficient condition for efficiency is efficient condition of all elements.

Structural and logical presentation of such a system is series connection of its elements [3, p. 178-180], is the most easy to understand typical circuit reliability (TSR), the function of communication which is written by multiplying the probability theorem [1] in the form:
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5. For determine the gamma-percent operating time, which satisfies a given semester in the task level of reliability, use the Mathcad "Trace X-Y".

6. To evaluate the reliability indices duplicated system seems structurally logical circuit with parallel connection of the main and backup printed circuit boards (Fig. 1).
The condition of efficiency of such a system is formulated as follows:

system maintains an efficient condition until remains workable at least any one element

Output analytical dependence for the reliability function (RF) reserved system, for which figures are calculated fault tolerance, given in [4, § 3.2.2]. The function of communication Rr(t) = ((t, RS(t), r) has the form:
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7. To determine the mean life of the SPE should backup "get out" on the design formula for the index Тr.о. For this purpose it is necessary to address the relationship that establishes in general terms the relationship between performance and reliability then То і R(t), specify the integrand expression at r = 1 and "take" integral. Design formula has the form (check!):
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8.To determine the failure rate (r reserved PCB can use the relationship between model reliability R (t), density distribution f (t)and failure rate ((t), which is true for systems of any structure [3, p.. 77-81]. Specifying said function to review the situation and given to the fact that
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Formula (3) is interesting because, firstly, the failure rate is a function reserved system operating time t, whereas according to the assumptions adopted in the lambda-method calculation of reliability, failure rate system without reserve (S= const,, and, secondly , the function (r(t) starts from zero and increases monotonically with increasing operating time

9. Charts dependability models not surplus RS(t)and reserved Rr(t) systems present a single field, imagine the same graphics (r (t) and  (с. The value of point reliability indices (S, To ,  Т( ,  To.r  and  T(.r and turn in "(-picture" of the system.

10. When calculating the average and range of percent term storage, as well as the probability of failsafe storage, make a "lambda-portrait" of the system for storage conditions

11. Summary report on the implementation of Task 5 meets the requirements of point 7 (task 1).
6. Probabilistic-physical prediction of dependability of the system
Reliability prediction of probabilistic-physical method performed by the task 5. This will allow a comparative analysis of calculation results obtained on the basis of EXP-and DN-dependability models.

1. Background characteristics of the system elements are entered in the table. 4 - "probabilistic-physical picture" of the system, in which columns 1, 2, 3, 5, 6 and 7 coincide with the corresponding data table. 3.

But unlike the lambda-method probabilistic-physical method of calculation takes into account the dependability:

First, dispersion of elements achievements to failure on average tоi , characterized by the coefficient of variation of life until failure (oi ;
- Second, objectively existing nature one modal intensity of failures (i(t)  elements of developments, so in the reference data indicated not only the value (с.i, but ttest.i,duration tests, with a resulting value (s.i,;in this raises the need for evaluation of mean time to failure tоi all elements of the system as a function (р.i,  ttest.i  і  (oi.
2.The value of the coefficient of variation of life until failure (oi (toС) elements are determined on the basis of Pareto diagrams [3, Firefox 2.8], taking into account degradation processes, yaks are elements in avionics, and sharing in each process in the destruction of the item. Dependence of the coefficient of variation of resource of elements (oi temperature loads in the range of actual operating temperatures are given in Annex data recommendations.
3. Mean time to failure tоi i-th element type is the root of transcendental equation of the form:
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output is given in [3, p.. 198].
For highly reliable avionics systems (R(t)(1) can be taken (р.i (ttest.)  (  f (ttest.),  and equation (4) is converted to the form
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Logarithmic operation equation (5) and the obvious algebraic transformations give the final expression for calculating the mean time to failure toi elements (check!):
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	 Table 4

„Probability-physical portrait” of the system

	              The result of  calculation
	toi (10–5,
               hours
	               11
	
	
	
	
	
	
	           (c   =  ______

	
	
	 (р.i (106,
hours –1          
	10
	
	
	
	
	
	
	

	
	Background information
	(оi (toc)

	                 9
	                0,60
	                0,99
	               1,08
	                0,62
	                1,09
	                 0,70
	   (c =  ​​______ flying hours                                         

	
	
	Ам.i

	8
	0,05
	0,05
	0,05
	0,03
	0,10
	0,10
	

	
	
	Ат.i
	7
	0,95
	0,75
	0,55
	0,40
	0,85
	0,35
	

	
	
	
	6
	0,467
	0,707
	0,576
	1,0
	1,0 
	1,0
	

	
	
	 Ttest.i,
              hours
	5
	20000
	45000
	45000
	110000
	30000
	175000
	

	
	
	(д.i (106,
                 hours–1
	4
	0,214
	0,010
	0,014
	0,005
	0,025
	0,002
	Т           Reliability parameters of the system

	
	Output data
	  ni

	
	                120
	                 86
	                 72
	                24
	111                1         
	                 2260
	

	
	
	The elements of a system 


	                     2
	                   DD  ( К561ИЕ10)
	                   R (type МЛТ)
	               К 10-50 (ceramics)
	     Contact sockets
	                   PCB
	                    Connection by soldering
	


	
	
	 i

	                                      1
	                       1
	                       2
	                       3
	                       4
	                       5
	                       6
	


Example of solving equation (4) using computational unit 
Given / Find [5] is shown in listing 6.1.

Listing 6.1 Analytical solution of transcendental equation

[image: image29.emf]


4. Mean and coefficient of variation of operating time to failure is a function of parameters and reliability of its elements are defined according to the algorithm shown in Fig. 2.

Calculation of the reliability of elements and systems can also be executed by a computer program analis.bas [3].

5. In the probabilistic-physical methods of analytical expression for calculating the dependability of the system model has the form [3, p. 146-149]:
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For convenience  calculation models of reliability given appropriate expression lead to dimensionless form and use the spreadsheet function DN-distribution F(X, () [3, Appendix 11]:
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Х = t / ( - adjusted (dimensionless) developments
6. To determine the reliability indices Rr(t)  and  Т(.r  backup (duplication) of the system should find the parameters (r and (r, characterizing the distribution of life until failure in a system loaded with a total reserve.

The average rate of degradation of the structure in Fig. 6 is determined, according to [3, p. 31-36], as
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Identity as the main and backup systems mind their equal reliability.

Mean time to failure Тоr system loaded with reserve (Тоr = (r) is inversely proportional to the average velocity (8) of the degradation process and is determined according to

(r  [image: image33.emf](
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In works [8] and [4, p. 142-146] proved that the coefficient of variation of operating time to failure (r exactly matches the coefficient of variation (d speed of the degradation process, (r = (аr / ar
The mean square deviation of the generalized velocity of the degradation process in the system relative to ar determined as
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The ratio of expressions (10) to (8) gives the calculated dependence for the coefficient of variation of life until failure nr system that is loaded with a reserve of multiplicity r:
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Model dependability reserved system calculated according to (6) or (7) for the parameters (r and (r, which obtained on the basis of parametric functions of communication (9) and (11).

7. The value of gamma-interest developments, which meet this level of reliability (, is recommended to determine as a graphic ("Trace-Y"), and analytical methods.

8. Particular attention turn to a depth comparative analysis of reliability calculations PCB on the range of efficiency, which obtained by two methods (λ-method and probabilistic-physical). The results of calculations presented in the form of connected graphs models of reliability and failure rate for r = 0 and r = 1. Explain the differences origin results and allow quantitative assessment of methodological errors λ-method.

9. When calculating reliability BJP as a replacement system for the range of its life cycle, use analytic dependence for function recovery, the flow of failures and mean time between failures [3, p. 206-210].

10. For the calculation of indicators of safety BJP [8] - medium and gamma-term interest of safety and probability of failsafe storage, make a picture of the λ system for storage conditions.

11. Summary report on the implementation of Task 6 meets the requirements of point 7 (task 1).
7. Decomposition of the structure of the avionics the calculation of reliability
Given [6, Fig. 4, 20] functionally complete piece of aeronautical structures of the complex plane. Appointment of complex of elements and their output signals as described in [6].

You must write an analytic expression (communication function) to model dependability the considered structures under the assumption that models dependability of all elements of known structure (Fig. 3).


[image: image36]
Fig. 3. Functional diagram of the feed roll mode landing approach
1. Typically, the object represented by functional or structural pattern, undergoes decomposition into groups of elements whose dependability characteristics at the time of the calculation are known. The connection of elements of the object selected in the group may be represented by a typical scheme, dependability, which was mentioned above, when performing the task 5.

An indication of what specific of elements group object

forms a typical circuit dependability is

the availability of communication functions based on

terms of efficiency, which is formulated for TDS.
Recall that the function of communication theory called analytical dependence of the reliability or the failure distribution parameters studied system (object) to the similar characteristics of the elements, which form a system.

2. For successful (correct) solution of the problem decomposition structure given in the templates should have a general idea about the functioning of the facility. Review presented in [6] description of the functional structure according to variant semester assignment.

3. Keep the decomposition structure of typical circuit connection elements and for each circuit we write the function of communication in general form. Highlight the functional of elements the scheme following groups:
a) Meter roll angles airplane - compact vertical gyroscopes (CVG) and quorum-element (QE1) (typical Bank Control Block-18 [6, p. 177-181]) that implements the algorithm of information processing "2 of 3" (Fig. 4) and are the system type „l з s“ [3, p. 181-184].

Typical reliability circuit (Fig. 5) "repeated" compound selected group of elements (Fig. 4).
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Communication features such consumer goods including serial conn-absorption of QE1 written in the form:
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[image: image39]
b) amplifiers A1 and QE2 algorithm works well with "2 of 3" to provide increased signal inconsistencies in roll (Fig. 6). Typical va-circuit dependability corresponds to Fig. 5.
      Communication function is written as:
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c) the elements forming the control signal sensor of angular velocity (SAV) roll, filter (F) signal velocity roll, adder ((2), amplifier (P2) control signal for steering unit (SU) with a feedback circuit consisting of sensor feedback (SF), functional converter (FC)and П3amplifiers to provide the necessary quality control to roll with aileron on the angle (е (Fig. 7).


[image: image41]
This connection of elements has a feedback loop. The condition of the connection of elements performance is recorded as: "connection lost up state in case of failure of at least one element" because it contains the minimum required to control the number of items. Thus, the typical scheme of generator dependability control signal must be presented series connection of all its elements, and communication features recorded in form [3, p. 178-180]:

       RВ  = R∑1( RSAV ( RF ( RA2( RA3 ( RFC ( RSF ( RSU.       (14)

d)Should further raise the interim result of the "rolling up" the original (Fig. 3) functional circuit feed roll.

  Us represent the structure of the channel roll in which the connection elements of which are presented in Fig. 4, 6 and 7, replaced by a single element of reliability indices resulting from the communication features (12), (13) and (14) respectively; also take into account twice loaded reserve structure aileron control, friction coupling (ФМ), which provides the drive failures of elements in shaping the structure and drive aileron (DE)   (Fig. 8).


e)in the scheme of generator will select three channels steering control unit (dvokratnыy loaded reserve). A typical scheme hopes-refineries with oil represented a parallel connection of three identical elements of the characteristics of reliability RВ.  Communication function is written as [4, sec. 180-181]:

RD (t) = 1 – [1 – RВ (t)]3.                             (15)

f)now functional diagram of the channel has a roll-linear CCD in its provisions - it is a typical dependability circuit is presented 
by series connection of elements (Fig. 9)
Communication channel function roll (Fig. 9) of elements in series connection has the form:
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After substitution in (20) models of dependability (12) - (15), which has been obtained for TDS a), b), c) and d), we obtain a model of dependability channel roll call mode approach: 
	RK(
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This expression establishes the analytical dependence of the probability of failure-free operation of the system (roll feed) similar to the dependability of the system elements, that is a function of communication. Note that for short track in this expression is shown the dependence of EBE developments t - the argument (t) at R characters omitted; remark applies also to the formulas (12) - (16).      
As a result of consistent application of the principle of decomposition and "rolling up" the original structures have an element of SLS and communication function to quantify dependability model RK((t)  (t) feed roll (Fig. 10). 

5. Summary report on the implementation of Task 7 meets the requirements of point 7 (task 1).
8. Evaluation of efficiency of avionics modernization

1. The solution of problems in assessing the effectiveness of modernization of the facility contributes to understanding and mastering of analytical methods of calculation dependability, understanding and consolidates the existing relations between objective indicators of dependability.
2. In the original data to a task are driven the characteristics of reliability to avionic objects before and after modernization and to evaluate the effectiveness of modernization in relation to a particular index of dependability.
 In particular, the system can be represented by its characteristic elements (Table 5). 
Table 5

The characteristics of the system elements 

	i
	Contents

proximity warning system
	Before modernization 
	After modernization

	
	
	ni
	toi (10– 5, hour
	νoi
	ni
	toi (10– 5, hour
	νoi

	1
	Aerial system
	2
	3,250
	0,48
	2
	3,550
	0,45

	2
	Receiving-transmissions modules
	2
	0,336
	1,06
	2
	0,456
	1,00

	3
	System of electric indication 
	1
	1,410
	0,85
	1
	1,680
	0,75

	4
	Control panel
	1
	1,650
	0,70
	1
	1,850
	0,60

	5
	Modules of communication with the center  ATC
	2
	0,780
	1,00
	2
	0,810
	1,00

	6
	Power supplies
	6
	2,050
	1,00
	4
	2,250
	0,72


3. Calculate the effectiveness of modernization proximity warning system (PWS) instantaneous failure intensity ((t) when the airplane flight manual in dependence of Е((t)  = ((t) /(м(t), 
where ((t) - instantaneous failure intensity before modernization the system;

(м(t) - instantaneous failure intensity after modernization  system 

4. To determine the function of ((t) and (м(t)  we have:

- Characteristics of the elements ni , toi ,νoi system;

- The calculated dependence for instantaneous failure intensity
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Listings 8.1 instantaneous failure intensity before and after modernization

Duration of flight hours exploitation t·10-3,
5. The results of calculation of the efficiency of modernization must be given on listings 8.1 and 8.2

Dependencies ((t) і (м(t) on listing 8.1 reveals: the criterion of limit condition (max = 9,5·10–5 hour–1the average lifetime of the system increased from 16·103 до 71·103 flight hours, shows high efficiency at modernizing the system relative durability index Тser.
Listing 8.2 The efficiency of system modernization due to ((t)

[image: image46.emf]


Service life t·10-3, flying hours
6. Summary report on the implementation of Task 8 meets the requirements of point 7 (task 1).
9. Prediction of residual life of avionics systems in the absence of failures

Residual life of the system if the system until  not denied - is it working out, starting from  to failure if the established mode of application.

1. Initial data in problems of this type are:

- Duration  failsafe operation of the system from the beginning of its operation for the diagnosis, in which the obtained solution "norm";

- Estimate parameters of distribution of failures ( і ( such systems and a given level of reliability (;  Type of system elements (electronic or mechanical), which gives the overwhelming share of the flow of failures, allowing based choice of model of dependability.

2. Algorithm for evaluation of residual resources are synthesized on the basis of theoretical material working of theoretical material of textbook [3, p. 90-93 and 212-215].

To estimate the gamma-percentile residual life it is offered such a sequence:

a) Draw the residual model to illustrate the reliability and value γ, ( и (((() - get a visual framework for understanding the problem.

b) Write an expression for the conditional probability uptime output level γ respectively [3, 1.36]:

 (γ /100) ( R(() = R(( +(((())


(17)

Where ( +(((() – operating time of level γ;

1/R(()   - normed factor [3, p.. 91];

c) in equation (17) to substitute analytical expressions for the selected model reliability when operating time (  and  ( +(((():  
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where Ф(Аrg)  - the function of normal distribution; 
d) in the original data is calculated lion of equations (18) or (19) obtained values of γ*defines a given level of reliability system for which you need to find its residual life.

e) For DM – model pf dependability we have got:
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Fractile normalized normal distribution Ф(z) of level γ*.

Value fractile calculated from Table Ф(z) [3, Appendix 9] or by qnorm (γ *, 0, 1) [4, sec. 396].

Algebraically transform the expression (20) gives the calculated dependence for the evaluation of gamma-percentile residual life:
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f)For DN –model of dependability we have got
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The value of gamma – percentile residual life (((() of a system is defined as a root of transcendental equation (21)(listing  9.1)

Listing 9.1 Gamma-percentile residual life of a system
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6. Summary report on the implementation of Task 9 meets the requirements of point 7 (task 1).
10. Predicting of the distribution of failures

and a set of spare elements

Looking information about the distribution of the number of failures of the airplane systems during the term of their service enables us to provide avionics operation.

1. Theoretical basis for predicting the distribution of system failure is a mathematical model of the recovery process of technological elements replacement [3, p. 202-205]:

[image: image54.wmf]÷

÷

ø

ö

ç

ç

è

æ

×

+

-

F

×

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

×

-

F

=

C

C

C

C

C

C

C

X

X

m

m

X

X

m

m

F

ν

ν

2

exp

ν

)

(

2

,

where     m – quantity of failures of the system during its life cycle
(С – coefficient of variation of operating time to failure;

 Х = Тser / То – given the length of operating systems;

 То – anticipated operating time of first failure to.
2. Algorithm for the formation of the distribution functions of system failure, which is considered in Reference 8, shown in listing 10.1.

Listing 10.1 Formation of instantaneous failure intensity of a system


[image: image55.emf]


The most probable number of failures during life of М[m(Тсл)] = 4
3. Predicting need an irreplaceable spare elements, which excludes the situation "on the ground plane due to lack of TRE are connected directly to the assessment of system failure during the term of service.

The main characteristic to calculate the required number of spare elements is irreplaceable expectation of the number of failures of elements of that type in the range of Тser– То , the result determining which system to Task 8 represents on listing 10.2.
Listing 10.2 Tracing the exact values Тser and ωmax
Result of the calculation of the mean number of failures of elements bi and the number of spare Zi TRE i system (Table 5) presented listing 10.3 and 10.4.

Listing 10.3 Calculated dependence and result calculation bі
[image: image56.emf]


Listind 10.4 Calculated dependence and result calculation Zі
[image: image57.emf]


4. Summary report on the implementation of Task 10 meets the requirements of point 7 (task 1).
Appendix 

Characteristics of degradation processes of electronic equipment
[image: image58.emf]


Fig. A1. Dependence of variability index of operating time resistors from operating temperature

[image: image59.emf]


Fig. A2. Dependence of variability index of operating time capacitors from operating temperature (1- film-type, metalized;  2-mica;  3-ceramic; 4-electrolytic)

[image: image60.emf]


Fig. A3. Dependence of variability index of operating time of electronic equipment from operating temperature ( 1- silicon bipolar IC;  2- silicon epitaxial planar transistors; 3- electrical connectors;  4- soldered connection; 5- switching element)
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 Fig. 10. Result of channel bank structure decomposition
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Fig 9. TDS feed roll with known function of communication (12)-(15)
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Fig. 8. Functional diagram of the feed bank after “folding” elements of tree typical patterns of dependability:   а),  b)  і  c) 
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Instantaneous failure intensity, 1/hours





Program of dependability models calculate





Distribution function FF, which are received on the basis of the histogram





Distribution function F1, which are received on the basis initial statistic





Table 6





Calculated dependence in Mathcad symbols





Efficiency of modernization in range operating time 0…80000 flying hours





Empirical instantaneous failure rate





Logarithmic scale ω(t)





Statistical distribution “histogram” reliability function operation of the device in the range of up state


0... 28760 hours





Empirical failure model Q(t)





Fig. 7. Driver control signal
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Fig.6. Compound amplifiers mismatch signal and 
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Fig. 5. Typical reliability circuit „2 з 3“








Fig. 4. Connection bank angle sensors  (  and quorum-element QE1
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Fig. 2. The composition of output and sequence of calculation reliability parameters of the system (c and (c
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Fig. 1. The typical scheme of dependability duplicated system(r = 1)
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Calculated dependence:








Root of transcendental equation








Result of calculation








Mean resources of system element


(flying hours)








Gamma-percentile residual life πγ(τ)=1280 f. hours








Distribution of system failures during life cycle








Root of transcendental equation
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Output data:





Coefficient variety operating time to first failure 


ν = 0.9698








Number of standard element in system:








Result of calculation – mean number of failure of standard element. Replacement in the system during period Tser-T0 presented by vector b:








Ending of system life cycle - Tser:








Start using the replacement elements – T0:
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flying hours








where








(look table 5)








Matrix reference sequences:








Program to identify a set Z spare TRE:








Result of program calculation








Number of spare modules (TRE) avionic system (table 5)








Variability index of degradation process 
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