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1 Laboratory work: method of block diagrams
Purpose of the work: acquaintances with the simplest method of analysis
reliability systems — method of block diagrams — and practical working off
skills for its application at designing.

Tasks of the work:

1. Understand structure and nature of the assumptions, taken as a prin-
ciple of a method, the main restrictions of its application, sequence
and matter of the main stages of estimation of failure-free operation
of the system.

2. Answer a control questions.

3. Execute estimation of failure-free operation of the system with given
block diagram.

1.1 Brief data from theory of reliability
Flights safety level and efficiency of airplanes operating are appreciably
defined by the reliability, fail-safe and maintainability systems and units of
airplanes as a whole complicated system.

Reliability of a technical product is a property of satisfying the applica-
tion’s purpose at the specified maintenance during a certain time. Thus,
reliability is a quality time for the fixed working conditions.

Survivability of a technical product is a property of keeping working
capacity if there are lesionsor in case of the action of damaging factors.

The probability of task’s execution in a given period of time and in
compliance with the operation’s rules is accepted as a generalized index
of system’s or product’s reliability. Obviously, reliability that is realized in
a particular product depends on the concept of development’s reliability
and quality, production standards and the following operation till a certain
limiting conditions.

One of the specific indicators of the system’s or product’s reliability, in
general, is the state probability during a specified period of time. System
failure — is a random event of its transition from the working into the
inoperable condition.

The emergence of in-service defects and failures of the systems and the
aircraft’s components, and the need of performing a large volume work
on their prevention, detection and elimination lead to increased aircraft’s
downtime and reduce the using time for its intended purpose. On the other
hand, the same process determines a substantial part of the maintenance’s
cost of the aircraft fleet. Thus, a significant portion of the technical staff

4



of the Civil Aviation’s airlines and Air Force’s units has to perform the
work, related to the verification of serviceability, efficiency and correctness
of functioning of various systems and aircraft’s components as well as the
identification arises in these problems. Most of the time of idle aircraft is
coming to find a faulty element in a failed system.

Both downtime and maintenance costs are mainly determined on the
economic efficiency of the aircraft’s usage.

At the same time, the vast majority of aircraft accidents or their premises
are also associated with the occurrence of failures of aircraft’s systems and
component failures, for instance, with the lack of reliability, durability and
maintainability.

The close relationship between the reliability and the aircraft fleet’s
effectiveness shows that the problem of standardization and reliability, in
general, can’t be regarded as independent one. Their decision, in the same
way as the decision of the tasks of regulation and provision of other characte-
ristics of the product should be based on a study the aircraft fleet’s effective-
ness with the usage of optimization methods. This situation requires urgent
attention to ensuring the reliability of the systems, units and aircrafts
from the earliest stages of designing. Blunders in ensuring reliability were
the main reasons for the cessation of working on a number of aircraft’s
projects during the earliest stages of designing. In some cases, blunders
demanded radical changes in aircraft designing already in its production.The
extent and quality of studying the questions of reliability, survivability
and maintainability in the product’s designing phase are defined as the
complexity, duration and cost of refining and the effectiveness of its sub-
sequent operation.

The problem of reliability of technical systems is increasingly coming to
the fore in recent years. Nowadays the task of ensuring reliability is regarded
as the most important aspect of designing, and reliability assurance program
is an organic and essential part of the designing, testing, refining, production
and usage of the product.

Ensuring reliability includes:
1) identification of all possible failures of the products and their possible

consequences;
2) establishing of the failures causes;
3) planning and implementation of measures that restricted a number

of failures to an acceptable level.
The main tasks undertaken to ensure the reliability of the technical

system at the designing stage can be divided into three groups:
1. Designing a system with the required level of reliability through:
— comparative assessments of different ways to ensure the reliability of

a particular scheme,
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— a comparative analysis of schemes’ options;
2. Justification requirements for reliability (the reliability of the valuation)

to the basic elements of the designing system;
3. Performing the control calculations of the reliability of the selected

option scheme of the system.
Obviously, each of these tasks groups implies the existence of a certain

approach and methods for analyzing the reliability of technical systems.

1.2 General description of the method
The method of block diagrams is used for reliability’s analyzing of relatively
simple systems and belongs to the formally mathematical methods of circuit
reliability’s analysis. That is, it doesn’t see and consider the physical nature
of the system’s failures, but it operates only with the statistical (probabilistic)
characteristics of flow failure (such as the intensity of failure flow, setting
the failures’ flow, middle time between failures (MTBF), the probability
of failure-free operation and etc.). Every structural element of a functional
system is considered as a “black box”, for which there are only two technical
conditions: defective (functional) or faulty (unusable) and characteristics of
the individual streams of element failures are also known.

Thus, the work is essentially carried out with the system’s scheme and
a priori elements of robustness. This approach is justified in early stages
of designing (when a full-scale experiment is impossible) for analyzing the
system’s reliability with a relatively stable element base (for further testing
of individual elements in terms of their reliability, for various reasons, is
difficult, and the characteristics of elements’ reliability are known from the
results of mass testing and operation of the systems of prior art. These
systems include pneumatic and hydraulic systems based on standardized
components and assemblies, fuel systems, electro schemes, radio electronic
equipment, etc. In this case, the method is used as the unit of reliability
analysis during the synthesis of the principal system’s scheme (addressing
the need for duplication and multiplicity of redundant elements) and for a
comparative analysis of the variants of principal scheme.

In case of using new elements (developed in parallel with the system)
method allows us to refine or formulate new requirements for reliability (i.e.
the normalized reliability) in the system.Thus, this method can provide a
solution of all three groups of tasks, at least in early stages of designing.

Restrictions on the usage of the method derived from those assump-
tions that are basis for it and the totality of which is a model of reliability,
discussed below.
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1.3 Reliability model
The method of block diagrams is based on the following assumptions:

1. The aircraft is seen as a multi element system with a definite number
of elements, a certain structure and scheme of inter-element func-
tional connections. Functional systems and aircraft’s assemblies are
considered as it elements. The scheme of inter-element relationships
and system’s structure are uniquely defined.

2. Each system is considered as the system consisting of individual ele-
ments and meets the above formulated requirements.

3. For each element of the overall system only two possible conditions are
allowed: full efficiency or total failure. Any possibility of the system’s
or its elements’ partial functioning is excluded.

4. It is assumed that all random events elements of trouble-free operation
are independent. That is, the failure of one system’s element has no
effect on performance (not entail rejection) of other elements.

5. It is believed that only one failure can occur at any moment, i.e., the
probability that there would be two or more failures is close to zero
at an elementary time interval ∆t.

6. It is understood that the system and its elements have the same stable
technical condition before each new operating cycle (e.g., flight). That
is, the elements of the system are not “age“, or their properties are
completely restored during the international flight service.

7. It is believed that the probability of any element’s failure depends
on the duration of the cycle (e.g. flight) and it is independent of it’s
pre-operating time (for example, in previous flights).

8. It is assumed that the sequence of elements’ failures doesn’t affect the
total system’s efficiency (a property of monotonicity).

9. It is understood that the system mainly consists of ”old“ elements,
which reliability’s characteristics are known from their operation expe-
rience in the systems of prototype or the results of bench tests.

10. The probability P (τ) of trouble-free operation for a time τ cycle (for
example, run-time of flight assignments) undertakes as a reliability
test of a system.
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The fact that the model has a great breadth and it is applicable to
systems of different nature and requires no special information about system’s
and failure mode nature, follows from these assumptions.

But these benefits are also the models’ weakness and they impose res-
trictions on its use.

Indeed, the assumptions 1, 2, 3 and 8 show that the system can have
only a definite set of technical conditions (Boolean model). Obviously, as-
sumption may be valid only for systems relatively simple in structure with
no functional redundancy. That is, assumptions may be valid only for such
systems, where each element performs a strictly defined function and is
associated with a minimal number of other elements.

Not every system meets the 4 condition. When deciding on the method’s
(model’s) applicability, it is necessary to consider the nature, character and
consequences of each failure in terms of meeting this assumption, which is
also major constraint on the use of the method.

Assumption 7 (Markov model) is also true not for every system and
not for any period of its operation. Assumptions 4, 5, 6 and 7 together
correspond to the simplest model (Poisson) of the failures flow. The latter
one is an acceptable model of the real flow only during the normal operation
of the system. As a consequence, the model (and method) is not applicable
to reliability analysis at the stages of running-and iznosovyh failures in the
system.

1.4 The main stages of evaluation of reliability scheme
variants

The following goals are prosecuted when using the method: get an equation
of system reliability (i.e., the analytical dependence of the probability of
failure-free operation of the system P (τ) from the elements of reliability),
make a quantitative estimate of P (τ), identify the ways of improving the
circuit reliability.

A number of separate and relatively independent stages can be identified
in the work:

1) Formation (or studying) the system structure and its basic functions.
Definition functions of the elements. Elucidation of functional connections
between the elements.

2) Structural analysis of the scheme reliability and the construction of
the failure-free operation diagram (block diagram).

3) The derivation of the equation of the reliability circuit.
4) A quantitative estimation of the probability of system’s failure-free

operation P (τ).
5) Identifying the weak link circuit in the sense of P (τ).
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6) Changes into the scheme in order to increase P (τ).
Below we consider the methodology and content of the work in relation

to each of the 1-4 stages.

1.5 The functional relationships analysis between the
elements (stage 1)

The purpose of this stage during the system reliability analysis is a clari-
fication of the following questions:

1) What is the system’s purpose and what specific technical tasks it has
to be addressed?

2) What is the system’s structure (what elements it consists of and how
these elements related to each other?)?

3) What is the purpose of each element?
4) What kinds of failures are possible in each element?
That is, the system function as a whole, the role of each element in

carrying out these functions, as well as the nature of possible failure is
clarified at this stage.

In a real designing of the new system this purpose is achieved during the
studying of the system’s structure, i.e., it is achieved during the process of
developing of technical specifications for the designing and development of
its principal, and then the wiring diagram.

During analyzing the reliability of a given circuit, as is the case of
laboratory studies, this stage of the work comes down to careful studying
of the scheme and its technical description. Particular attention should be
paid to the nature of the possible elements failures and compliance schemes
to the assumption of failures independence. Despite the seeming simplicity
of the stage, it determines the success of the whole work.

1.6 Construction of a block diagram of the system
reliability (stage 2)

Block diagram of the reliability or uptime diagram — a graphical image of
the events relationship, consisting of failure-free operation of the system as
a whole and its individual elements.Diagram of the failure-free operation of
the system is based on structural analysis of system reliability.

Structural reliability analysis consists of determination of the element
failures influence on the performance of the system.In the early stages of
designing it is based on the logical principles of engineering analysis of
the system’s functional, taking into account the functional purpose of the
elements and their interactions. This analysis is based on the engineering
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concepts of the system’s functioning, common sense and searching for answers
to the question: How will the system behave if element i refused?

The analysis’ purpose is to answer the question: What failures of the
elements or its combinations lead to system failure? Or vice versa: What
combinations of elements save the workable of the system?

We explain this by a simplified example.

Example 1 Perform structural analysis and construct a diagram of failure-
free operation of aircraft propulsion, consisting of two engines, in terms of
reliability of the aircraft’s performance of air combat missions.

The system consists of two parts (engines 1 and 2), working in parallel.
Elements are completely independent of each other, i.e. no one of them lead
to a denial of another. The scheme allows the usage of reliability analysis of
the method of structural schemes.

In terms of successful combat mission a failure of any of the engines
results in it’s failures. That is, failure of any of the two elements leads to
the system failure.Conversely, the system is operating only if there is an
absolute performance of both elements.

If we denote the random event of failure-free operation of the system
through S, and random events of failure-free operation of the engines, res-
pectively, through D1 and D2, then the condition of the normal system
functioning can be written in the following way:

S = D1 ∩D2,

where S — is intersection events D1 and D2, or in form diagram failure-free
operating:

S
〉

D1 D2
// // (1)

reading as:
System operating failure-free if

Engine-1 operating failure-free and

Engine-2 operating failure-free .
Thus, a system consisting of independent elements, which are functionally

connected so that failure of any of them causes the entire system’s rejection,
it displays a structural model with a serial connection of elements (events
uptime elements). In general, the reliability block diagram of this system is
the following:

S
〉

A1 A2
. . . An// // // // (2)
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Attention is drawn to the fact that the system, which is operating with
the parallel physical elements, is shown in this case, as the diagram with
series connection of random events of their uptime.

A kind of diagram can be different for the same system’s scheme, de-
pending on the aspect of reliability analysis, i.e., depending on the task,
which the system must be addressed in this case.

We explain this by an example.

Example 2 Conduct a structural analysis of the reliability and construct a
diagram of failure-free operation of the same system as in the example 1, in
terms of flight safety.

In case of the failure of any of the two engines of the crew must abort the
flight mission, but he has the opportunity to return to the base or to land at
an alternative airfield. That is, in terms of flight safety, in case of the failure
of one of the two engines the overall system remains operational. From this
point of view a condition the system failure is a simultaneous failure of both
engines.

In this case, the reliability block diagram is the following:

S
〉

D1

D2

// //

��

//

��
// //

(3)

and reading as:
System operating failure-free if

or Engine-1 operating failure-free

or Engine-2 operating failure-free .
Thus, a system consisting of independent elements, functioning so that

the isolated failure of any of them doesn’t cause a system failure, in this
case the chart displays the uptime with the parallel connection of events
uptime elements. In general, the reliability block diagram of this system is
the following:

S
〉

A1

A2

. . .

An

// //

��

//

��
//

��

//

��
//

��

//

��
// //

(4)
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In the general block diagram of a real system can contain areas with
both parallel and serial connection of the elements. For instance, a fire
extinguishing system, consisting of a command unit C and two fire simul-
taneously triggered extinguishers F, each of them is known to be sufficient
to eliminate the fire, you will see in the block diagram below.

S
〉

C F1

F2

(I) (II)

// // //

��

//

��
// // (5)

In conclusion it should be said that in drawing the block diagram of the
system the key to success is a clear understanding of the purpose, structure
and operation of the system.

1.7 The equation of the system reliability (stage 3)
An equation of the circuit’s reliability is an analytical expression of the
probability of failure-free operation of the system in terms of the reliability
characteristics of its structural elements.

Let’s consider how to obtain the equation of the reliability at the already
developed examples 1 and 2.

Assume that we know the probability of random events uptime engines
D1 and D2 during the run-time of flight assignments. Denote these probabi-
lities by P (D1) and P (D2) (in the literature they can also refer to P (Di)τ , or
Pi(τ), emphasizing the connection between these probabilistic characteristics
of time intervals τ), and the probability of failure of the system P (S) or
P (S)τ , or P (τ).

Then the structural diagram of type (1) series connection of events, as
follows from the theory of probability, is the following:

P (S) = P (D1)P (D2)

or, in general case (2) of this scheme:

P (S) =
n∏
i=1

P (Ai). (6)

If all elements are the same in such scheme, i.e.,

P (Ai) = P (A) = const,
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то
P (S) = [P (A)]n

Note that since P (A) < 1, then for consistent, in terms of reliability, ele-
ments’ connection it is always

P (S) < P (A),

that is, we can’t get a system with reliability greater than the reliability of
the item.

There is a parallel connection of the events for the (3) type block diagram,

P (S) = P (D1) ∪ P (D2)

or in general case (4) of such system:

P (S) =
n⋃
i=1

P (Ai) (7)

Expression (7) is not always easy for the usage. For its further conversion
we will use the following work around.

We consider the events of D1 and D2, an additional (i.e., opposing,
complementary to the full) to the events of D1 and D2. Obviously, the
events of D1 and D2 consist in the rejection of engines 1 and 2, respectively.

Then:
S(failure both engines) = D1 ∪D2

and
P (S) = P (D1)P (D2) (8)

For the total events:

P (S + S) = P (S) + P (S) = 1

and
P (Di +Di) = P (Di) + P (Di) = 1,

Then using (8)

P (S) = P (D1)P (D2) = 1− P (S) = [1− P (D1)][1− P (D2)].

Hereof,
P (S) = 1− [1− P (D1)][1− P (D2)],

Or in general case (4) of the system with a parallel connection of elements

P (S) = 1−
n∏
i=1

[1− P (Ai)] (9)
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If all elements of such system are identical, that is

P (Ai) = P (A) = const,

then
P (S) = 1− [1− P (A)]n

Thus, the parallel connection of the elements, in terms of their reliability,
(their reservation) yields a system with P (S) > P (A), i.e. makes it possible
to create a reliable system from unreliable components, which is often the
task of designing.

Expressions (6) and (9) allow us to make an equation the reliability in
probabilities for the structural scheme of any kind. We’ll show the formation
sequence of such an equation on the example of fire-fighting system block
diagram, which was discussed above (5).

S
〉

I II// //

We consider the system as consisting of two cells in series I and II, where
the II element is a part of circuit, formed by two parallel connected of the
elements F. An element I is the real element of C.

Then according to (6)

P (S) =
2∏
i=1

P (Ai) = P (I)P (II).

In turn, according to (9)

P (II) = 1−
2∏
i=1

[1− P (Fi)] = 1− [1− P (F )]2

Finally,
P (S) = P (C){1− [1− P (F )]2}

Obviously, we can write P (S) for arbitrarily complex structural scheme,
using similar arguments.

1.8 Assessment of the intensity of system failures
through the failure elements rate

However, the usage of expressions (6) and (9) for practical reliability calcu-
lations is usually hampered by the following circumstance. In practice of
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testing and operation the elements the probability is not used as their relia-
bility characteristics P (Ai), and the intensity of the flow of elements failures
of λi(t), or parameter of failure flow ωi(t) are used as it characteristics.

The physical meaning of these reliability characteristics are the most
easily understood from a consideration of their statistical analogues of λ∗(t)
and ω∗(t), which are the most easily determined from experiment.

The intensity of the probability distribution of failures (failure rate of
flow) λ(t) given by:

λ(t) = lim
N→∞

λ∗(t) = lim
N→∞

∆ni
(N − ni)∆ti

.

Here N — total number of test items or operating elements; ∆ti — time
interval for which the reliability of elements is estimated; ni — the number
of units that fail at time ti beginning of the interval ∆ti; ∆ni — number of
units that fail in the range of ∆ti.

λ(t) ≈ λ∗(t) is usually considered with the limited volume.
Thus, λ∗(t) is the failure rate of elements (the number of failed elements

to the number of elements assigned to the test) per unit time in the time
interval ∆ti. Obviously, the usage of λ(t) as an element’s characteristic
reliability is particularly useful during the bench test, when fail are not
restored (not repaired and not replaced), and simply drop out of trials.

In the operation of an aircraft, when faulty components are repaired
(restored site), operating time of the element to this particular point in
time ti can be quite different (the situation is equivalent to the tests in
which the elements have begun to work at different times). In this case, the
usage (definition) of λ(t) as the reliability characteristic is complicated and
there used a different response: parameter of failure flow ω(t), defined by
the expression

ω(t) = lim
N→∞

ω∗(t) = lim
N→∞

n∑N
i=1 ti

. (10)

HereN — total number of identical elements that were in operation (standing
on the aircraft, but taken out as a result of their failure rate), n — number of
elements fromN , failed to given instant time, ti — operating time (duration)
of an element to the considered point in time.

Thus, ω∗(t) is the number of failures per unit operating time of all
the elements’ park. With a large number of operating elements normally
considered

ω(t) ≈ ω∗(t).

It is easy to show that λ(t) and ω(t) is often quite close in meaning
and value characteristics of the flow of failures. For this, we rewrite (10) in
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following way:
ω∗(t) =

n∑N
i=1 ti

=
n

Ntm
.

Here n is the number of failed elements; and tm is an average duration of
the elements from the beginning of the park operation.

At the same time, if you define λ∗(t) in the time interval (0, ti), i.e. for
the time of the test duration, then we get by ∆ni = n, ni = 0 and ∆ti = ti

λ∗(t) =
n

Ntm
.

That is, ω∗(t) = λ∗(tm).
For elements with feebly changed λ(t),

λ∗(t) ≈ λ∗(tm) ≈ const.

Most of elements has feebly changed λ(t) at normal operating. Then we
consider, that

ω(t) ≡ λ(t). (11)

This circumstance let’s use λ(t) and ω(t) as equivalent.
Note, that λ(t) and ω(t), as and P (t) is maeasures for reliable element

at the moment.
Taken into consideration aforesaid, worth while, instead of equations (6)

and (9), get for both variants link elements equations for P (S) through λi(t)
or ωi(t).

In general case (that is independently from real kind of failure rate) for
element reliability function is:

P (τ) = e
−

∫ τ

0
λ(t)dt (12)

Frequantly, equation (12) is named basic law theory of reliability.
Suppouse, that period of time τ (time of flight) is little as compared

with lifetime t element and failure rate λ = λ(t) is gently sloping and near
to linear1 at period of time τ . Then change in (12) λ(t) by λ = λm = const.
Then

P (τ) = e−λmτ ,

This equation is equivalent equation for reliability function with exponential
law of distribution:

P (τ) = e−λτ . (13)

That is suppose about τ is little and λ = const equivalence adoption for
element exponential law of distribution: P (t) = F (t) = 1− e−λτ .

1That is examine period of normal operating of element.
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This suppose mean, that P (τ) is depended from time of working cycle
τ only and P (τ) is not depended from preliminary operating time t. It’s in
accordance with reliability model (assumption 7).

Equation (13) is decomposed in Taylor serie:

P (τ) = e−λτ = 1− λτ +
1
2
λ2τ2 − . . . ,

Value λ and τ is a little, therefore:

P (τ) ≈ 1− λτ. (14)

Value of reliable function Pi(τ) is calculated through failure rate λi(t)
by equations (13) and (14) or in accordance with (11) — through failure
intensity ωi(t).

If equation (13) and (14) substitute in (6) and (9), then reliable system
equation is written through failure rate or failure intensity.

For system (2):

P (S) =
n∏
i=1

P (Ai) =
n∏
i=1

e−λiτ = e−
∑n

i=1
λiτ = e−λΣτ ≈ −λΣτ + 1,

or:

P (S) = 1− λΣτ = 1− τ
n∑
i=1

λi. (15)

For system (4):

P (S) = 1−
n∏
i=1

[1− P (Ai)] = 1−
n∏
i=1

[1− e−λiτ ] =

= 1−
n∏
i=1

[1− 1 + λiτ ] = 1−
n∏
i=1

λiτ

or finally:

P (S) = 1− ττ (n−1)
n∏
i=1

λi. (16)

Later on will be used Chertincev’s theorem [1]: if probabilities failures
sufficiently large number of elements is changed linear2 for a little period of
time τ , then probability failure-free operation system is submitted to expo-
nential law.

2This assumption is acceptable for little period of time τ for any kind of distribution
probabilities failure-free operation of elements.
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That is:
P (S) = e−τλS ≈ 1− τλS , (17)

where λS — failure rate for system as whole.
From comparison equation (15) and (16) with (17) following for system (2):

λS =
n∑
i=1

λi. (18)

For system (4):

λS = τ (n−1)
n∏
i=1

λi. (19)

Equations (17) and (18) is main equations because reliable system equation
is formulated directly through failure rate or failure intensity.

For fire protection system (5) failure rate system equation will be written
as:

for first subelement: λI = λC ;
for the second subelements according to (19): λII = τλ2

F ;
for the whole system (series connection of the sub-elements I and II)

according to (18):
λS = λI + λII = λC + τλ2

F ,

equation of system reliability in accordance with (17):

P (S) = 1− λSτ = 1− τ(λC + τλ2
F ) = 1− τλC − (τλF )2.

Obviously, using the same logic, you can create an equation for the reliability
block diagram of an arbitrary form.

Performance of the next step, i.e. quantitative estimate of PS(τ), is not
a fundamental difficulty.

The magnitude of the usage of the system to failure in accordance
with (10) and (11) is determined by the obvious relation:

Tf (S) =
1
λS
.
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1.9 Control questions
1. What are the main groups of problems solved in the process of analysis

and testing of the reliability of aircraft systems and components during
the design process?

2. Does the method of block diagrams consider the nature and the character
of element failures?

3. What is the physical meaning of the assumption of independence of
the elements’ failures in the system?

4. Do the reliability model and the method of block diagrams take into
consideration the probability of simultaneous failure of two or more
items?

5. Is it possible, in principle, to use this method for analysis of the reli-
ability of statically indeterminate power structures?

6. In some cases the nature of the element’s failure affects the ability of
usage of the method? Give an example.

7. Can we use the method of the reliability analysis of the system during
it appearance in iznosovyh failures, i.e. during its "aging"? Yes? No?
Why?

8. Read the following block diagrams of the systems’ reliability:

S
〉

1 2
3

// // //

��

//

��
// //

S
〉

1 2 3

1 2

// //

��

// // //

��
// // //

9. What kind of the block diagram the expression corresponds to:

P (S) = P (A1)P (A2)P (A3)?

10. What kind of the block diagram the expression corresponds to:

P (S) = P (A1) + P (A2) + P (A3)?
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11. What kind of the block diagram the expression corresponds to:

P (S) = 1− [1− P (A1)][1− P (A2)][1− P (A3)]?

12. What is the statistical analogue of the λ(t)?

13. What is the statistical analogue of the ω(t)?

14. Why don’t we make the difference between the characteristics of λ(t)
and ω(t) in the reliability analysis?

15. What kind of the block diagram the expression corresponds to?

P (S) = 1− ττ2(λ1λ2λ3)

16. What kind of the block diagram the expression corresponds to?

λS = λ1 + λ2 + τ2λ3
3

17. How does the flow parameter of system failures ωS and value of its
MTBF Tf (S) interconnected?
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1.10 Tasks
1. Write the equation of reliability, estimate the probability of failure-

free operation of Pτ (S) and MTBF of a Tf (S) for a given version of
the block diagram for the duration of the working cycle:

τ = 1 hour (variants 1–6),

τ = 2 hour (variants 7–14),

τ = 3 hour (variants 15–22).

Failure rate of the elements listed in the table.

N element Failure rate λi(t), hour−1

1 0,04
2 0,05
3 0,06
4 0,07
5 0,08
6 0,09

2. Answer the following questions in written:

(a) Is it possible increase twice operating time to failure for system by
changing failure rate for element number 1? Calculate reliability
function.

(b) Calculate reliability function for system if element number 1 is
failure-free absolutly?

Block diagrams variants

Variant 1

S
〉

1 2 4 5
3

// // //

��

// //

��

//

// //

Variant 2

S
〉

2 1 3
4 5

// // //

��

// //

��
// // //
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Variant 3

S
〉

1 3 4 6

2 5

// //

��

// //

��

// //

��

// //

��
// // // //

Variant 4

S
〉

1 4 2 5

3 6

// //

��

// //

��

// // //

��

//

��
// // // //

Variant 5

S
〉

2 1 6
3 4

// // //

��

// //

��
// // //

Variant 6

S
〉

2 5 6

3 4 1

// //

��

// //

��

//

��

// //

��
// // // // //

Variant 7

S
〉

2 3 4 1
6

// // // // //

��

//

��
// //

Variant 8

S
〉

3 6 1 5
2 4

// // // //

��

// //

��
// // //

Variant 9

S
〉

3 5 4 1
2

// // //

��

// // //

��
// //
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Variant 10

S
〉

3 1 2 6
4 5

// // //

��

// //

��

//

��

// //

��
// // // //

Variant 11

S
〉

4 5 1
6 2

3

// // //

��

// //

��

//

��

//

��
// // //

��

//

��
// //

Variant 12

S
〉

1 4 5

6 3

2

// //

��

// //

��

// //

��

//

��
//

��

//

��

// //

// //

Variant 13

S
〉

2 1

3 5 6

4

// //

��

// //

��

//

��

//

��
//

��

//

��

// // //

// //

Variant 14

S
〉

1 3 5 2
4
6

// // // // //

��

//

��
//

��

//

��
// //

Variant 15

S
〉

5 4
1 2 3

// // //

��

//

��
// // // //
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Variant 16

S
〉

6 5 4 3

1 2

// //

��

// // // //

��// // //

Variant 17

S
〉

4 6 1 3

2 5

// //

��

// // //

��

//

��

// //

��
// // // //

Variant 18

S
〉

1 2 3

4 5 6

// //

��

// // //

��
// // // //

Variant 19

S
〉

2 1 3 5

4 6

// //

��

// //

��

//

��

// // //

��
// // // //

Variant 20

S
〉

1 2 3 4

5 6

// //

��

// // // //

��// // //

Variant 21

S
〉

2 6 3

4 1 5

// //

��

// // //

��

//

��

//

��
// // // // //

Variant 22

S
〉

1 4 3

5 2 6

// //

��

// //

��

//

��

// //

��

//

��

//

��
// // // // // //
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2 Laboratory work: estimate reliability system
airplane at design

The purpose of laboratory work is purchase by students practical skills
analysis reliability systems of an airplane at a stage of its designing.

Laboratory work are conducted in three stages.

2.1 Research of the basic scheme
Under the basic scheme device or system received in the task3 and flight
time, the student determines type of an airplane (if it is not determined in
the task), the basic conditions of its operation, flight mission, also analyzes
influence various types failures system as a whole on flight results (accident,
loss of an airplane, emergency, default of the task, emergency landing and etc.)

Further the analysis of possible failures of each element system is conducted
(breakage, jamming, short circuit and so on), their influence on up state
system and an outcome of flight. Results of researches are tabulated. Then
results are discussed with the tutor.

2.2 Drawing up system block diagrams and
calculation reliability measures

As one of conditions applicability method of block diagrams is presence at
elements only one kind of failures, from results of the analysis on the first
stage student chooses two combinations, leading to heaviest failure effect,
also makes corresponding block diagrams.

Tutor checks block diagrams and student calculate reliability measures
for system: reliability function for flight time and operating time to failure.

Occurrence of a various kind of failures for each element it is received
equiprobable according to the table in section 2.5 [2].

2.3 Estimation analysis results and
improvement of the basic scheme
system

Both underestimated, and the overestimated reliability measures in comparison
with set, speak about non-optimality an available system. Changing redundancy
ratio or number of elements in system and counting reliability measures
under the changed block diagram, student should achieve conformity settlement
reliability measures of system to the set measures. The final variant is
handed on check to the tutor.

3Tasks are shown on figures in section 2.4. This figures are borrowed from [2].
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The document for estimation results of the analysis is AR [3]. As a first
approximation it is possible to take statistical data on operating time to
failure by table 1.

Таблица 1— Operating time to failure for subsystems aircraft [4]
Operating time to failure,

Subsystem lead to
non-execution

task×10−6, hour
1. Airframe
- wing 8,6
- fuselage 6,9
- tail 8,7
2. Power plant
- engines (with intake and
exhaust system) 0,65
- fuel system 0,1
- starting system 6,8
3. Takeoff and landing units
- landing gear 0,08
- flaps, slats, etc. 0,1
4. Control system 0,3
5. Aircraft instrumentation 3,4
6. Electrical equipment 0,5
7. Radio equipment 0,6
8. Power systems
- hydrosystem 0,9
- auxiliary power unit 4,4
9. Life-support systems
- air-conditioning 1,1
- oxygen system 3,4
10. Protection systems
- anti-icing 6,8
- fire protection 8,6
11. Other systems 0,2

For cases emergency (loss airplane) and accident (death people) operating
time to failure is increased on the order and two orders accordingly.
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2.4 Systems schemes

1 — control handle; 2 — artificial spring feel unit; 3 — trimming effect mechanism;
4 — executive mechanism system of improvement stability and controllability; 5 —
hydraulic booster; 6 — rigid rod; 7 — executive mechanism of system trajectory
controls; 8 — mechanism switching-off of the executive mechanism; 9 — limitation
mechanism of extreme modes; 10 — arms; 11 — spring rod.

Figure 1— Basic scheme of a control system of supersonic airplane

1 — control handle; 2 — rod; 3 — cranck; 4 — arm; 5 — trimming effect mechanism;
6 — artificial spring feel unit; 7 — automatic device regulation efforts; 8 — booster;
9 — autopilot steering machine.

Figure 2— Scheme of the pitch channel control systems
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1 — rudder pedal unit; 2 — rod; 3 — crank; 4 — bracket; 5 — trimming effect
mechanism; 6 — artificial spring feel unit; 7 — booster; 8 — autopilot steering
machine.

Figure 3— Control channel of rudders

1 — control handle; 2 — rod; 3 — crank; 4 — arm; 5 — trimming effect mechanism;
6 — artificial feel spring unit; 7 — booster; 8 — autopilot steering machine.

Figure 4— Control system of roll channel
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1 — entrance lever; 2 — spring rods; 3 — electrosignal system of jamming for
operating slide-valve; 4 — valve for switching hydrosystems; 5 — operating slide-
valve; 6 — cylinder of hydraulic booster; 7 — rod with pistons; 8 — tubing joint
assembly for hydrosystem; 9 — pipelines; 10 — rigid rods.

Figure 5— Power supplies of chests of the two-chamber hydraulic booster
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1 — charging valve; 2 — filter; 3 — air cylinder; 4 — manometer; 5 — cock; 6 —
back pressure valve; 7 — operating slide-valve; 8 — compressor; 9 — release valve;
10 — automatic pressure control; 11 — electromagnetic valve; 12 — air cylinder;
13 — tubing joint assembly.

Figure 6— Air control system of flaps

30



1 — charging valve; 2 — filter; 3 — air cylinder; 4 — manometer; 5 — cock; 6 — back
pressure valve; 7 — pipeline; 8 — compressor; 9 — release valve; 10 — automatic
pressure control; 11 — air booster; 12 — electromagnetic valve; 13 — tubes joint
assembly.

Figure 7— Air control system of slats
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1 — relay of pressure; 2 — booster; 3 — swivel gland; 4 — back pressure valve; 5 —
hydraulic booster for lock gangway; 6 — electromagnetic valve; 7 — throttle; 8 —
hydroaccumulator; 9 — manometer; 10 — charging valve; 11 — release valve; 12 —
tubes joint assembly; 13 — drain cock.

Figure 8— Pipeline for lower and lift onboard gangway
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1 — brake wheel; 2 — inertial gauge for automatic device of braking; 3 — throttle;
4 — electromagnetic cock for automatic brake; 5 — reducing valve for brake; 6 —
back pressure valve for drain; 7 — tubes joint assembly; 8 — connection for electric
system.

Figure 9— Basic scheme of brake system
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1 — charging valve; 2 — filter; 3 — air cylinder; 4 — manometer; 5 —
electrohydraulic cock; 6 — back pressure valve; 7 — pipeline; 8 — compressor;
9 — filter; 10 — automatic pressure control; 11 — brake chamber; 12 — reducing
valve; 13 — tubes joint assembly.

Figure 10— Air system for braking wheels
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1 — hydroaccumulator; 2 — reducing valve; 3 — back pressure valve; 4 —
manometer; 5 — charging valve; 6 — switch hydraulic; 7 — throttle; 8 — brake
chamber; 9 — swivel glands; 10 — electrohydraulic cock; 11 — shuttle valve; 12 —
tubes joint.

Figure 11— Hydraulic system for braking of wheels
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: 1 — gauge of M number in throat; 2 — regulator for central body; 3 — manual
control; 4 — surge gauge; 5 — central body with the mechanism of adjustment;
6 — stall gauge; 7 — control system for start; 8 — gauge of M number for flight;
9 — gauge of shock position; 10 — regulator for by-pass shutters; 11 — by-pass
shutters with the mechanism of control.

Figure 12— Regulation supersonic air intake
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1 — fuel tanks; 2 — transferring pumps; 3 — fuel consumed tank; 4 — aircraft
pumping up pump; 5 — engine pumping up pump; 6 — shut off valve; 7 — filter;
8 — sedimentation; 9 — drain cock; 10 — manometers; 11 — back pressure valve;
12 — tubes joint assembly.

Figure 13— Pump fuel supply to engine
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1 — storage battery; 2 — starting button; 3 — electrosafeguard; 4 — oxygen
electrocock; 5 — oxygen cylinder; 6 — oxygen reducer; 7 — back pressure valve;
8 — pump for firing fuel; 9 — tank for firing fuel; 10 — ignition coil; 11 — tank
for working fuel; 12 — pump for working fuel; 13 — lever for engine control; 14 —
atomizer for working fuel; 15 — atomizer for firing fuel; 16 — atomizer oxygen;
17 — candle electrostriking; 18 — case of firing igniter.

Figure 14— Basic scheme of high-altitude start
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1 — fuel tank; 2 — oxidizer tank; 3 — primary pipeline; 4 — shut off valve; 5 —
refueling pipeline; 6 — drainage pipeline; 7 — bellows; 8 — flange connections; 9 —
turbopump unit; 10 — back pressure valve; 11 — drainage valve.

Figure 15— Basic scheme for fuel system two-componental starting accelerator
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2.5 Failure intensity elements
Name element ω × 106, 1/hour

1. General elements of systems
Control handle 0,2
Foot post of control 0,3
Executive mechanism system of improvement
stability and controllability

5,0

Executive mechanism of system trajectory
controls

4,0

Mechanism switching-off of the executive
mechanism

1,0

Limitation mechanism of limiting modes 2,0
Trimming effect mechanism 1,0
Artificial spring feel unit 0,5
Automatic device regulation efforts 2,5
Autopilot steering machine 3,0
Brake chamber 0,4

2. Elements for hydraulic system
Hydraulic booster 5,0
Cylinder of hydraulic booster 0,5
Operating slide-valve 2,0
Rod with pistons 0,2
Relay of pressure 0,6
Hydroaccumulator 0,5
Swivel gland 1,0
Valve for switching hydrosystems 0,2
Switch hydraulic 0,1
Shuttle valve 0,3
Throttle 0,2
Back pressure valve 0,5
Charging valve 0,1
Reducing valve 0,2
Manometer hydraulic 0,05
Drain cock 0,05
Release valve 0,2
Pipeline for hydrosystem, 1 m 0,01
Tubing joint assembly for hydrosystem 0,1
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Name element ω × 106, 1/hour
3. Elements for air system

Compressor 5,0
Automatic pressure control 2,2
Air cylinder 1,5
Air booster 1,5
Operating slide-valve for air cylinder 2,0
Air filter 1,0
Release valve 0,8
Charging valve 0,3
Back pressure valve 0,5
Manometer air 0,2
Reducing valve 1,0
Pipeline for air system, 1 m 0,02
Tubing joint assembly for air system 0,2

4. Elements for electrosystem
Electrohydraulic cock 0,5
Electromagnetic valve 0,5
Inertial gauge for automatic device of braking 0,4
Electrosignal system of jamming for
operating valve

0,3

Connection for electric system 0,05
5. Rods, arms, levers

Rigid rod 0,05
Spring rod 0,1
Arm 0,04
Entrance lever 0,05
Crank 0,05

6. Control system for air intake
Control system for start 10,0
Central body with the mechanism of
adjustment

8,0

Regulator for central body 1,5
Manual control 2,0
By-pass shutters with the mechanism of
control

2,0

Regulator for by-pass shutters 1,5
Gauge of M number in throat 0,8
Gauge of M number for flight 0,5
Gauge of shock position 1,0
Surge gauge 0,5
Stall gauge 1,0
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Name element ω × 106, 1/hour
7. Fuel system, engine starting system

Fuel tanks 5,0
Transferring pumps 2,0
Fuel consumed tank 3,0
Aircraft pumping up pump 2,0
Engine pumping up pump 2,0
Fuel tank 5,0
Oxidizer tank 10,0
Turbopump unit 20,0
Pump for working fuel 10,0
Pump for firing fuel 12,0
Storage battery 1,0
Oxygen cylinder 0,5
Oxygen reducer 1,0
Atomizer for working fuel 0,5
Atomizer for firing fuel 0,5
Atomizer oxygen 0,5
Oxygen electrocock 2,5
Case of firing igniter 0,05
Shut off valve 0,1
Filter 1,0
Sedimentation 0,5
Drain cock 0,8
Manometer 0,05
Back pressure valve 0,1
Primary pipeline 0,1
Refueling pipeline 0,05
Drainage pipeline 0,05
Tubing joint assembly 0,5
Bellows 0,5
Flange connection 0,1
Drainage valve 0,2
Starting button 0,01
Electrosafeguard 0,5
Ignition coil 0,8
Candle electrostriking 1,0
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