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Reliability of fluid systems
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Abstract. This paper focuses on the importance of detection reliability, especially in complex fluid systems
for demanding production technology. The initial criterion for assessing the reliability is the failure of object
(element), which is seen as a random variable and their data (values) can be processed using by the
mathematical methods of theory probability and statistics. They are defined the basic indicators of reliability
and their applications in calculations of serial, parallel and backed-up systems. For illustration, there are
calculation examples of indicators of reliability for various elements of the system and for the selected
pneumatic circuit.

1 Introduction
Each machine or technological device is formed from
mechanical, hydraulic, pneumatic and electric elements
or their combinations, usually coupled with sophisticated
proceedings on the basis of electronics and computers. In
this case we are talking about the mechanisms, consisting
of systems.
Fluid Systems, which is now an established name for
hydraulic and pneumatic systems, have in many practical
cases the dominant or exclusive position. With the help of
fluid systems is realized many manufacturing, assembly,
transport, handling and packaging processes. These
processes are not only in mechanical engineering, but
largely in the food industry, electrical, pharmaceutical
and many others. It should be noted that many
applications are characterized by high work productivity
and also high acquisition and operating costs. It must also
consider that, the fluid systems in these applications have
a dozens of working elements (linear and rotary
actuators) and hundreds control elements with various
functions (for pressure control, flow direction, speed,
position, etc.), which relate with the function of hundreds
of sensors and switches. The failure of a single member
of this system leads to a halt operations of a whole
manufacturing, assembly or packaging lines. This leads
not only to loss of production, but in some cases to the
irreversible material losses. And here starts the issue of
reliable function of the individual components and the
entire system. This issue has not been solved for fluid
systems in general or a specific level, in particular in
interaction with the electric control circuits.
The issue of reliability of elements and systems,
according to available literature elaborated and
continuously monitored in the strategic application in
a

military industry (aerospace, missile), in radio
engineering and electronics in general, and probably also
in the area of large power plants (nuclear power stations).
However, as discussed below, reliability is understood as
a complex feature which has precisely defined
terminology in our, European and world standards and
extensive theory of reliability is based on the
mathematical theory of probability and statistics.
The theory of reliability deals with three basic tasks:
• forecasting (prediction) of reliability,
• detection of reliability,
• control (diagnosing) of reliability.
For further explanation it is necessary to define the
reliability according to universally accepted standards:
„Reliability is a general property of an object consisting
of the ability to perform the required functions, with
maintaining the values specified operating parameters
within limits and time set by a technical conditions.“
Emphasized the complex property of reliability
depends on the inclusion of terms such as durability,
repairability, failure rate and many others. This means
that reliability cannot be precisely quantified. When
providing guarantees of reliability, which is the content
of economic contracts, it should be emphasized, that
featured an indicator of reliability is for example
predicted, anticipated, empirically validated or
guaranteed.
The basic criterion for assessing the reliability is the
failure of object. This failure is a random phenomenon
and means ending the ability of an object (element or the
whole system) to perform the desired function from any
cause. Failures classification is quite complicated. In
terms of reliability and in its time course may be a sudden
failure, occasional or sequential. The time course of
failure is most commonly demonstrated as bathtub curve
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Fig. 1, with three specified courses. The causes of failure
are very complicated, and their share of system failure
indicates Tab. 1 [1].
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and intensity of failures
Figure 1. Idealized course of failure per time (bathtub curve)
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Table 1. The reasons and causes of failures

The nature and causes of
failure
a) causes of damage
construction
production
working
b) character of parameter
changes
sudden
progressive
predictable
unpredictable
c) signs of damage
leak
bad settings
lack of functionality
violation of dynamic stability
destruction of the power
components
d) elements of the hydraulic
system
pipes and hoses
solenoid coil of valves
automation component
filters
power elements

݂ሺݐሻ
݂ሺݐሻ
ൌ
Ǥ
ܴሺݐሻ ͳ െ ܨሺݐሻ

(4)

Intensity of failures is one of the most important
indicators of reliability used in practice (the only
published value). It should be noted that the ߣ value
depends on many factors, especially on production
technology, on operating conditions, on the size and
complexity of the object and on time, as shown in Fig. 1
[2].
In the last column of Tab. 2 presents the basic
theoretical equations, which are supplemented formulas
to calculate statistical indicators. In these equations, ݊ is
the number of monitored objects,  ݎis the number of
damaged objects (objects in failure) and ο ݐis monitored
time interval of total time ݐ.
The literature indicates a number of values of
reliability indicators ߣሺݐሻ, apparently obtained
empirically, as shown in Tab. 3. Computational
application of theoretical equations from Tab. 2 for
practical use should be further narrowed to law
exponential distribution objects for value ߣ ൌ ܿݐݏ݊Ǥ,
what can be in terms of technical experience to admit.
With these assumptions we obtain practically usable
equations [3]:
The probability of failure-free operation
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density of probability of failure
݂ሺݐሻ ൌ ߣ ή ݁ ିఒή௧ Ǥ

2 Theory

(6)

The median duration of failure-free operation

Quantitative evaluation of the reliability of the system is
based on the evaluation of the reliability of individual
elements. Evaluation is done through a series of
characteristics and reliability indicators. These indicators
are based on the application of the theory of probability
and mathematical statistics.
Our interpretation can significantly simplify and point
out the extensive literature in this area. We present four
basic relations for evaluating the reliability:
Probability of failure
ܨሺݐሻ ൌ ܲሺ߬ ൏ ݐሻǡ

ͳ
ܶ௦ ൌ ǡ
ߣ

(7)

and also

(1)
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Table 2. Probabilistic definitions and statistical significance of reliability indicators

Indicator of reliability

Mark

Determination of
probabilistic

Probability of failure-free operation

ܴሺݐሻ

ܴሺݐሻ ൌ ሺ߬  ݐሻ

Probability of failure

ܨሺݐሻ

ܨሺݐሻ ൌ ܲሺ߬  ݐሻ

Density of probability of failure

݂ሺݐሻ

݂ሺݐሻ ൌ

݀ܨሺݐሻ
݀ݐ

Intensity of failure

ߣሺݐሻ

ߣሺݐሻ ൌ

݂ሺݐሻ
ܴሺݐሻ

Equation (8) shows that when the median duration of
failure-free operation ܶ௦ is equal to the duration of
operation ݐ, then ܴሺݐሻ ൌ ݁ ିଵ ൌ ͲǤ͵. Which means that
the probability of failure-free operation is reduced to
͵Ψ.

Statistical estimation
(empirical determination)
݊ሺݐሻ
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݊
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݊
݊
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For parallel connection we have more complicated
equations:
probability of failure-free operation
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probability of failure
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b) representation by oriented graph
intensity of failure

Figure 2. Layout of boundary conditions for sliding mesh

For the calculation of the reliability are introduced
models in the form of block diagrams or oriented graphs
Fig. 2. The individual elements of these models can be
connected in series, parallel or series-parallel. For serial
connection Fig. 3 is probability of failure-free operation
[4]
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and median duration of failure-free operation
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ୀଵ

In parallel reliability models are certain elements
simplified backup (redundancy), most often in their
control part. Assuming that a backup is performed the
same element (with intensity ߣଵ ൌ ߣଶ ൌ ߣଷ ǥ ߣ ), and if
this element is also under load, then the probability of
failure-free operation of the system [5]

and probability of failure
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and median duration of failure-free operation

(12)

and then
a

(18)

probability of failure
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Median duration of failure-free operation (duration to
the failure)
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a) block representation

b) representation by oriented graph
Figure 3. Serial reliability diagram
Table 3. Description of the variant

Intensity of failure ߣሺݐሻͳͲି ݄ିଵ
maximum
median.
minimum
13
13
9
6
7.15
4.3
1.45
0.12
0.08
0.005
14.1
5.7
0.224
0.24
0.5
0.26
56
30
16.8
14.1
5.7
3.27
0.112
0.054
0.041
7.5
6.8
0.35
3.27
2
0.05
1.69
0.79
0.01
2.52
1.5
0.48
7.6
4.9
2.2
1.12
0.7
0.25
2.4
0.013
0.004
0.002

Element
Gear pump
Axial piston pump
Rotary hydraulic actuator
Linear hydraulic actuator
Relief valve
Overflow valve
Electrohydraulic servo valve
Check valve
Spool valve
Accumulator
Rubber high-pressure hoses
Filtres
Hydraulic tank
Static seal
Dynamic seal
Pneumatic regulators
Pneumatic cylinder
If backup element isn not under load
ܴሺݐሻ ൌ ݁ ିఒబή௧ ή ሺͳ  ߣ ή ݐሻǡ

(21)

and
ܶ௦ ൌ

ʹ
Ǥ
ߣ

(22)

For series-parallel connection are calculation
equations more complicated and they are based on the
progressive solution of serial and parallel parts. The
resulting equations for the overall probability are
multiplication of partial solutions.
For the calculation of reliability of complex systems
are used mathematical methods and procedures. In
literature are mentions about various calculation
software. In literature are mentions about various
calculation softwares.

3 Examples of calculation of reliability
indicators
These calculations are performed in the newly designed
systems, but also in existing systems (under the operating
loads). Usually there is not enough partial information on

individual elements, which may be best obtained
experimentally (which relates to hydraulic and pneumatic
systems). For this reason, calculation focuses only on
some indicators of reliability. The most commonly is
known the value of intensity of failure ߣሺݐሻ. According to
this value is verified probability of failure-free operation
ܴሺݐሻ and median duration of failure-free operation ܶ௦ .
Quite often in the individual elements of the system
(electrical, hydraulic or pneumatic) it is given „lifetime“
value. This value is often confused with the parameter of
reliability, expressed in hours of operation (pumps), in
number of working cycles (directional valves), or like
distance (fictitious stroke) in kilometers for linear motors.
Then time  ݐis replaced to mark ݄ and probability of
failure-free operation will be
ܴሺݐሻ ൌ ݁


ି
்ೞ ǡ

(23)

for example when fictious value ݄ is equal median
duration of failure-free operation ܶ௦ , then ܴሺݐሻ ൌ ݁ ିଵ ൌ
ͲǤ͵. In this case the element will be working without
failure only for 37% of duration ܶ௦ , where ܶ௦ was
calculated from equation (7).
The equation (23) could be modified by the help of
known value ߣሺݐሻ
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ܴሺݐሻ ൌ ݁ ିǤଷ ൌ ݁ ିଶǤήఒή Ǥ

(24)

If we choose intensity of failure ߣሺݐሻ for hydraulic
cylinder from Tab. 3 ߣሺݐሻ௫ ൌ ͲǤͳʹ ή ͳͲି ݄ିଵ and if
we assume a working operation 6000 hours per year, then
probability of failure-free operation will be
షయ

ܴሺݐሻ ൌ ݁ ିଶǤήఒή ൌ ݁ ିଶǤήǤଵଶήήଵ

ൌ ͲǤͻͻͺǡ

which is close to 100% reliability and this value should
not dramatically reduced in next two or three years of
working.
For electrohydraulic servo valve with maximal
value of intensity of failure ߣሺݐሻ ൌ ͷ ή ͳͲି ݄ିଵ Tab. 3,
and with working operation  ݐൌ ݄ ൌ ͲͲͲ݄
షయ

ܴሺݐሻ ൌ ݁ ିଶǤήఒή ൌ ݁ ିଶǤήହήήଵ

eliminated). For the calculation will apply values and
calculation formulas from Tab. 2:
Time interval of monitoring ο ݐൌ ͳ ݎܽ݁ݕൌ
ʹͲͲ݀ܽݔݏݕͺ݄ ݊݅ݐܽݎ݂݁ݏݎݑൌ ͳͲͲ݄ݏݎݑǤ, the
number of monitored convertors ݊ ൌ ͷͷ͵, the
number of defective and eliminated convertors in time
interval ݎሺݐሻ ൌ ʹʹͲݏܿ, the number of convertors
without failure in this time interval ݊ሺݐሻ ൌ ݊ െ ݎሺݐሻ ൌ
ͷͷͷͷ͵ݏܿ. Calculated indicators of reliability:
Probability of failure-free operation
ܴሺݐሻ ൌ

probability of failure in time interval οݐ
ܨሺݐሻ ൌ

ൌ ͲǤͶͲ͵ǡ

and for redundant servo valve, whose backup control
element (electrical, hydraulic) is also under load ߣଵ ሺݐሻ ൌ
ߣଶ ሺݐሻ ൌ ߣ . Probability of failure-free operation of
element with backup

షయ

ʹʹͲ
ݎሺݐሻ
ൌ
ൌ ͲǤͲͲ͵ͻͶǡ
ͷͷ ͵
݊

density of probability of failure in time interval οݐ
݂ሺݐሻ ൌ

ݎሺݐሻ
ʹʹͲ
ൌ
ൌ
݊ ή ο ݐͷͷ͵ ή ͳͲͲ

݂ሺݐሻ ൌ ʹǤͶͷ ή ͳͲି ݄ିଵ ǡ

ܴሺݐሻ ൌ ݁ ିଶǤήఒబή ή ൫ʹ െ ݁ ିଶǤήఒబή ൯
ܴሺݐሻ ൌ ݁ ିଶǤήହήήଵ

݊ሺݐሻ ͷͷ ͷͷ͵
ൌ
ൌ ͲǤͻͻǡ
ͷͷ ͵
݊

intensity of failures in time interval οݐ

షయ

ή ൫ʹ െ ݁ ିଶǤήହήήଵ ൯

ܴሺݐሻ ൌ ͲǤͶ͵ǡ

ߣሺݐሻ ൌ

which is about 50% more value probability of failure-free
operation than servo valve without backup.
And now one practical example. In the company ZTS
Dubnica which produced axial piston convertors was
processed sophisticated collection of information about
their operation in various working machines. This is of
the examples of evaluation that was performed in
accordance with the then current standards.
Total production listed convertors was ͷͷ͵ pieces.
Of that number ʹʹͲ pieces was defective (unrepaired and

݂ሺݐሻ
ݎሺݐሻ
ʹʹͲ
ൌ
ൌ
ܴሺݐሻ ݊ሺݐሻ ή ο ݐͷͷͷͷ͵ ή ͳͲͲ
ߣሺݐሻ ൌ ʹǤͶͶ ή ͳͲି ݄ିଵ ǡ

which is significantly lower value than that mentioned in
Tab. 3, and indicates a high level of production of the
convertors.
We present an application example of calculating the
reliability of the pneumatic system, shown in Fig. 4.

Figure 4. Pneumatic circuit
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Table 4. Description of the variant

଼

Element
rubber hose
spool valve
rubber hose
relief valve
rubber hose
spool valve
rubber hose
pneumatic cylinder

ߣଵ ሺݐሻ
ߣଶ ሺݐሻ
ߣଷ ሺݐሻ
ߣସ ሺݐሻ
ߣହ ሺݐሻ
ߣ ሺݐሻ
ߣ ሺݐሻ
ߣ଼ ሺݐሻ

Value ߣሺݐሻ ή ͳͲି ݄ିଵ
3.27
0.112
3.27
14.1
3.27
0.112
3.27
0.013
ʹǤͶͳ ή ͳͲି ݄ିଵ

 ߣሺݐሻ ൌ ߣ
ଵ

The calculation was performed for input and output
channel, both in series connection. From Tab. 3 we
choose intensity of failure ߣଵ ሺݐሻ ൊ ߣ଼ ሺݐሻ for each
individual element of input channel and determine the
sum.
We choose the time to calculate the failure-free
operation  ݐൌ ݄ ൌ ͲͲͲ݄.
Probability of failure-free operation ܴሺݐሻ
షయ

ܴሺݐሻ ൌ ݁ ିଶǤήఒή ൌ ݁ ିଶǤήଶǤସଵήήଵ

ൌ ͲǤͶͳǡ

median duration of failure-free operation ܶ௦
ஶ

ܶ௦ ൌ න ܴሺݐሻ݀ ݐൌ


ͳ
ͳ
ൌ
ߣ ʹǤͶͳ ή ͳͲି

ܶ௦ ൌ ͵ͶͶ݄Ǥ
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Similarly, for the output channel with a slightly
different structure of circuit, Fig. 4 the sum is σ ߣሺݐሻ ൌ
ʹͶǤͳͶ ή ͳͲି ݄ିଵ , probability of failure-free operation
ܴሺݐሻ ൌ ͲǤ and median duration of failure-free
operation ܶ௦ ൌ ͶͳͶͳ͵݄Ǥ
Prerequisite for the proposed pneumatic circuit that as
a whole system will work more than six years without
failure, with probability over 60%.

4 Conclusion
In the article it was pointed out to the importance of
detection of reliability, especially in complex fluid
systems for demanding manufacturing and other
technologies. The default criterion is the failure of a
component (object) of system. This failure is understood
as a random variable, their values can be processed using
mathematical methods of probability theory and statistics.
It was defined the basic indicators of reliability and
their application in calculations of serial, parallel or
backup systems. For illustration were shown examples of
calculation of the reliability coefficients for the individual
elements of the system and for chosen pneumatic circuit.
The aim of article was pointed out to the stillneglected issue of the reliability of hydraulics and
pneumatics mechanisms.
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