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Abstract: - One of the steps in predicting the reliability of a system includes determining the failure rate of the 
system's components. The latter is obtained on the basis of the data available to the manufacturer, experience in 
using similar systems, using statistical methods and technical literature. In practice, the starting point in the 
process of foreseeing the reliability of any technical system is the assumption of constant failure rates. The 
system components' failure rates which are determined in this way represent the so-called nominal values. This 
value is commonly modified by taking into account operation loads and environment conditions under which 
the observed system component is supposed to operate. In most cases the quantitative values of these two 
factors result from the engineering assessment that is based on the data available to the manufacturer or the user 
and takes into account the inevitable effect of a number of subjective factors. Predicting the reliability is a 
process of determining numerical values which show the probability that the machinery or the engine will meet 
the previously set requirements. The basic objective of reliability prediction is to ensure timely maintenance. 
This paper discusses the predicting the operational reliability of the rotary cup burner in the marine steam 
boiler. 
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1 Introduction 
There are four sources of data for predicting the 
reliability of a system in the stage of development:  
 
• manufacturer; 
• experience in using similar systems; 
• adequate statistical methods; 
• technical literature.   
 
The system as a whole is the starting point when 
gathering the information necessary for reliability 
forecasting. If the data referring to a system are not 
available, it is necessary to decompose the system to 
the levels for which the data are available. It is 
neither necessary nor recommended to go any 
further, even in the event of stopping at the first 
level that is lower than the system level. However, it 
is sometimes necessary to reach the most 
elementary components of the system as it is at this 
level that the needed data can be gathered. When 
predicting the operational reliability of a marine 
steam boiler rotary cup burner, according to [9], it is 
necessary to: 
 
• define the rotary cup burner as a system; 
• define faults; 

• define operational and maintenance conditions; 
• set the algorithms for calculating the reliability; 
• determine the failure rates for separate 

components of the rotary cup burner; 
• modify the fault indexes for the burner 

components; 
• calculate the reliability of the rotary cup burner. 
 
When defining the rotary cup burner as a system, it 
is necessary to determine its components and their 
relationships. The components represent the 
subsystems of the rotary cup burner.  
A fault is defined as an occurrence of conditions 
that impede the rotary cup burner's operation. The 
operational conditions determine the rotary cup 
burner's working conditions.  
The maintenance conditions affecting the reliability 
of the rotary cup burner must be known before 
reliability prediction. The block diagram of 
reliability presents the functional connection of the 
system or the blocks within the system. The rotary 
cup burner's reliability is obtained by introducing 
the values of the failure rates of the system 
components into the algorithm for calculating the 
reliability in a defined period of time. 
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2  Considering  the assumption   about 

the constant failure rate 
The above mentioned procedure for predicting the 
reliability does not assume that the failure rate has 
to be constant. It is known that the failure rate for 
most electronic components is constant, i.e. not 
dependent on time. Although the failure rates for 
other components depend on time, it has been found 
out that these changes are small, considering the 
long period of operation of these components.  
In both cases a minor error is made by introducing 
the assumption about the constant failure rate. If the 
failure rates of components are independent of time, 
then the reliability of a system comprising such 
components could be calculated by applying the 
exponential distribution, according to [9], therefore: 

                             
tg

R eg

λ−
=                         (1) 

where Rg is the reliability  of the system – the rotary 
cup burner, and λ g is the failure rate of the system – 
the rotary cup burner. In the case of sequence 
configuration, λ g is calculated from the form: 
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where iλ  is the failure rate of the i component of the 

system – the rotary cup burner. It should be noticed 
that, in this case, the mean time between failure of 
the system – the rotary cup burner Mg can be 
calculated from: 

                             Mg = 
1

gλ
                            (3) 

 
Even in the event of major changes in failure rates 
dependent on time, minor mistakes result from using 
the so-called stable failure rate in foreseeing the 
reliability of a system over a certain period of time, 
provided that the period of time corresponds to the 
period of time for which the value of the stable 
failure rate has been determined.  
This is in line with the renewal theory, since the 
application of preventive maintenance to the 
components having a growing failure rate 
accelerates the renewal process and helps achieve 
the so-called state of balance faster. In this case it 
can be assumed that the system fails according to 
the law of the exponential distribution, according to 
[9]. 

2.1  Using the 2χ  distribution for 

establishing the confidence limit in the 

exponential  distribution 
Quite often there are no available data on any 
failures for some of the system components but we 
do know the time that component was in service. If 
we assume that the exponential distribution can be 
applied to the given component, it is possible to 
establish the lower confidence limit of the failure 
rate, both for the situation where there was no 
failure and for the situation where there was one or 
more failures, according to [2]. 
The lower confidence limit for the mean time 

between failures θ̂ , for the confidence interval 1 –
α , is given by the time: 
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                    (4) 

 
where: 
tr – total time of operation of the system (rotary cup 
burner); 
r – number of failures of the system (rotary cup 
burner); 

2 ,2 2rαχ +  - random changeable value belonging 

to the 2χ  distribution. 

In this case the upper value of the failure rate χ̂ , for 

the confidence interval 1- α , is calculated from the 
equation:  

                          
2 , 2 2

ˆ
2

r

tr

χαχ
+

=                     (5) 

For a given value of the confidence interval 1-α and 
the known number of failures r, the value of 

2 ,2 2rαχ +  can be determined, according to Table 

1, according to [5]. 

On the basis of the available data from the engine 
log and the technical references supplied by the 
manufacturer, it is necessary to predict the 
operational reliability of the rotary cup burner. In 
addition, it should be ascertained whether the 
predicted operational reliability meets the 
previously set requirements and then, on the basis of 
the gathered findings, we should be able to conclude 
whether it is necessary to take adequate measures 
for increasing the reliability.  

G. Kovacevic et al.
International Journal of Mechanical Engineering 

http://www.iaras.org/iaras/journals/ijme

ISSN: 2367-8968 56 Volume 1, 2016



 
The basic requirement that is set for the rotary cup 
burner's reliability refers to the number of operation 
hours during the ship's time in port. It is required 
that the rotary cup burner operates 600 hours before 
overhaul with reliability no less than 0.75. Twenty 
rotary cup burners are used for examination of 
reliability. 
 
2.2   Block diagram of the rotary cup burner

type of a marine boiler 
If the level of complexity of the rotary cup 
components is determined, the compone
presented as the separate blocks of the
shown in Fig.1, according to [9]. 
 

A B C

 

Fig. 1. Block diagram of the rotary cup burner type 
of a marine boiler

 

 
 

The basic requirement that is set for the rotary cup 
burner's reliability refers to the number of operation 
hours during the ship's time in port. It is required 
that the rotary cup burner operates 600 hours before 

iability no less than 0.75. Twenty 
rotary cup burners are used for examination of 

ry cup burner 

rotary cup burner's 
components is determined, the components may be 
presented as the separate blocks of the subsystem, as 

D

Block diagram of the rotary cup burner type 
oiler 

Where: 
A -  rotary cup atomizer; 
B -  light oil igniter; 
C -  oil compound regulator
D -  combustion air fan. 

The rotary cup burner components are serially 
interdependent. Given the requirement that the 
rotary cup burner should be able to operate 600 
hours before overhaul at the reliability value of 
the failure rate can be calculated according to the 
equation (1): 
 

ln ln 0.75
- - 47.95 10 /

600

Rg
g

t
λ = = = ⋅

 
Where: 

Rg   –  reliability of the rotary cup 
λ g  –  failure rate of the rotary cup 
t    -     required time of reliable operation of the 
rotary cup burner. 
 
The mean time between failure,
 

 

oil compound regulator; 

burner components are serially 
interdependent. Given the requirement that the 

burner should be able to operate 600 
hours before overhaul at the reliability value of 0.75, 
the failure rate can be calculated according to the 

ln 0.75 -5- - 47.95 10 /failures hour= = = ⋅

rotary cup burner; 
rotary cup burner; 

time of reliable operation of the 

failure, according to (3) is: 
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1 1
2085.5 547.95 10

M hoursg
gλ

= = =
−

⋅
 

 

2.3  Determining the failure rate for the basic 

subsystems 
 

 

2.3.1 Rotary cup atomizer of a marine boiler 

The rotary cup atomizer of a marine boiler consists 
of 15 basic parts shown in Fig.2, according to [9]. 
Each basic part may be composed of a number of 
elements.  

 

Fig. 2  Block diagram of the rotary cup atomizer of 
a marine boiler 

 
Where: 
e   -  number of elements; 
A1 – system for directing the primary air; 
A2 -  rotary cup; 
A3 -  shaft; 
A4 -  primary air fan; 
A5 -  electromotor; 
A6 -  poly- V belt; 
A7 -  strap-wheels; 
A8  -  ball bearings; 
A9  -  primary air regulation damper; 
A10-  safety cover; 
A11-  seal; 
A12-  studs; 
A13-  nuts; 
A14-  shims; 
A15-  fuel line.  

 
The rotary cup atomizer of a marine boiler 
subsystem experienced failures of the basic part A2 
after 100 hours of operation, the part A6 failed after 
530 hours, whereas the part A11 failed after 586 
hours of operation.  

The total number of the rotary cup atomizer of a 
marine boiler elements is 141, which makes 2820 
elements in 20 burners. 
The failure rate function λ g is equal to the ratio of 
failure occurrences in the time interval   ∆t to the 
number of functioning elements in the system at the 
end of the interval. 
The failure rate functions λ g for parts  A2, A6, A11  
are: 

2

1 63.547 10 /
2819 100

failures hour
A

λ −
= = ⋅

⋅
 

6

6

1
0.669 10 /

2819 530
failures hour

A
λ −

= = ⋅
⋅

 

6

11

1
0.605 10 /

2819 586
failures hour

A
λ −

= = ⋅
⋅

 

 
The failure rate of the rotary cup atomizer of a 
marine boiler subsystem, according to (2) amounts 
to: 

2 6 11

64.821 10 /failures hour
A A A A

λ λ λ λ −
= + + = ⋅

 

 
2.3.2   Light oil igniter 

The light oil igniter is a subsystem comprising 14 
basic parts which are shown in Fig.3, according to 
[9]. Each basic part may consist of a number of 
elements. 

 
Fig.3. Block diagram of the light oil igniter 

 
Where: 
e  -   number of elements; 
B1 -  electrodes; 
B2 -  nozzle; 
B3 -  filter; 
B4 -  butterfly air damper; 
B5 -  high-voltage cables; 
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B6 -  high-voltage point; 
B7 -  electromagnetic valves; 
B8 -  fuel oil pump; 
B9  -  nuts; 
B10-  shims; 
B11-  fuel oil line; 
B12-  flexible air line; 
B13-  seals; 
B14-  studs. 
 
The light oil igniter subsystem experienced failures 
in basic parts: B2 after 149 hours and 450 hours of 
operation, B3 after 160 hours, 325 hours and 550 
hours of operation, B7 after 495 hours of operation, 
B11 after 580 hours of operation.  
There were altogether 7 failures of 4 basic parts of 
the light oil igniter. The total number of the light oil 
igniter parts is 56, i.e. this makes a total of 1120 
parts for 20 burners. 

The failure rate functions  λ g  for parts B2, B3, B7, 

B11  are: 

2

2 65.962 10 /
149 450

1118
2

failures hour
B

λ −
= = ⋅

+
⋅

 

3

3 67.784 10 /
160 325 550

1117
3

failures hour
B

λ −
= = ⋅

+ +
⋅

 

7

61.805 10 /
1119 495

1
B

failures hourλ −
= = ⋅

⋅
 

11

61.54 10 /
1119 580

1
B

failures hourλ −
= = ⋅

⋅
 

 
The failure rate of the light oil igniter subsystem, 
according to (2), amounts to: 

3 72 11

617.091 10 /
BB B BB

failures hourλ λ λ λλ ++ =
−

⋅= +

 

 

 
 

2.3.3   Oil compound regulator 

The oil compound regulator is a subsystem 
comprising 12 basic parts. Each of these parts may 
consist of a number of elements, as shown in Fig.4, 
according to [9]. 

 
Fig.4. Block diagram of the oil compound  regulator 

 
Where: 
e   -  number of elements; 
C1 -  servomotor; 
C2 -  control disc; 
C3 -  rotary valve; 
C4 -  micro-switch; 
C5 -  levers; 
C6 -  slide bearings; 
C7 -  fuel oil lines; 
C8 -  nuts; 
C9 -  shims; 
C10-  shafts; 
C11-  studs; 
C12- round wedges. 
 
During 600 hours of operation of the  oil compound  
regulator, two failures occurred in the basic parts: C7 
failed after 530 hours of operation due to fuel oil 
leaking in the return fuel oil line, while C5 failed 
after 597 hours of operation due to the broken lever 
for regulating the primary air damper. 
The overall number of the observed elements of the 
oil compound regulator subsystem is 237, i.e. there 
are 4740 such elements in 20 oil compound 
regulators. 

The failure  rate  functions  λ g   for parts C7 and C5 
are: 

5

60.353 10 /
4739 597

1
C

failures hourλ −
= = ⋅

⋅
 

6

7
0.398 10 /

4739 530

1
C

failures hourλ −
= = ⋅

⋅
 

 
The failure rate of the oil compound regulator 
subsystem, according to (2), is: 
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failures hourλ λ λ −
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2.3.4   Combustion air fan 

The combustion air fan is a subsystem comprising 6 
basic parts, and each part may consist of a number 
of elements, as shown in Fig.5, according to [9]. 
 

 
Fig.5. Block diagram of the combustion air fan 

 
Where: 
e   -  number of elements; 
D1 -  ball bearings; 
D2 -  impeller; 
D3 -  shaft; 
D4 -  safety cover; 
D5 -  electromotor; 
D6 -  studs. 
 
During the observation period there was only one 
failure that occurred after 593 hours of operation, 
due to the seizure of one of the electromotor ball 
bearings. The total number of the observed elements 
in the combustion air fan is 15, which makes a total 
of 300 elements in 20 combustion air fans. 
 
The failure rate of the combustion air fan subsystem 
is: 

65.639 10 /
299 593

1
D

failures hourλ −
= = ⋅

⋅
 

 
 
2.4   Determining the confidence limit of the 

rotary cup burner's operation in the case of 

the exponential distribution of failures 
A total of 20 burners were observed over a period of 
600 hours of operation. According to the engine log 
data, the overall operation time of the rotary cup 
burners amounted to 8,900 hours. During that time 
there were 8967 functional elements. 
The lower confidence limit for the confidence 
interval (1-α ) = 0.75 is obtained according to the 
expression (4). 

2 2 8900ˆ 6419.04 
2 2.773

0.25;2

tr hoursθ
χ

⋅ ⋅
≥ = =  

The value  is obtained from Table 1 

The upper failure rate value for the functional 
elements during the confidence interval (1-α ) = 
0.75, according to the expression (5), is: 

 
1 1 515.5786 10 /

6419.04
failures hourλ

θ

−= = = ⋅
⌢

⌢

 
If the obtained value is divided by the number of 
functional elements, the upper value of the failure 
rates for each separate element in the given 
confidence interval: 
 

5
915.5786 10

17.37325 10 /
8967EL failures hourλ

−
−⋅

= = ⋅
⌢

 
 

2.5  Determining the operational reliability of 

the rotary cup burner of a marine boiler 
Calculation of failure rates for individual parts of 
the rotary cup burner of a marine boiler can be 
performed using the obtained upper failure rate in 
the given confidence interval: 
 
• For the rotary cup atomizer of a marine boiler: 

hourfailures                           

..λnλλ AAAuk

/1076114.53

1037325172817108214
6

96

−

−−

⋅=

=⋅⋅+⋅=⋅+=
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• For the light oil igniter: 

hourfailures                           

.λnλλ BBBuk

/104274.36
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−

−−

⋅=
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• For the oil compound regulator: 

hourfailures                           

.λnλλ CCCuk

/100655.83

103732517473810751.0
6
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−

−−

⋅=
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• For the combustion air fan: 

hourfailures                           

.λnλλ DDDuk

/108336.10

10373251729910639.5
6

96

−

−−

⋅=

=⋅⋅+⋅=⋅+=
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The prediction of the failure rate values for the 
rotary cup burner of a marine boiler components 
amounts to: 

2
0.25;2χ
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The mean time between failures of the rotary cup 
burner of a marine boiler, according to the 
expression (3), is: 

1
5432.187 M hoursg

gλ
= =  

The overall operational reliability of the rotary cup 
burner of a marine boiler is: 

0.11045274 0.8954
tg

R e eg

λ− −
= = =  

 
 

3  Conclusion 
The obtained operational reliability of the rotary cup 
burner of a marine boiler is higher than the 
reliability that is required, amounting to 0.75. The 
analysis of the failure rates of the rotary cup burner 
subsystems and the elements within the subsystems 
results in the conclusion that the light oil igniter is 
the most sensitive component of the burner.  
The most common reasons for failure in this 
subsystem include: 

 
• fuel oil filter clogging due to impurities in fuel 

oil; 
• contaminated electrodes; 
• due to vibrations during the operation of the 

system, a change in the distance between the 
electrodes may occur, so that the electric arc 
intended for oil ignition can not be produced 
between them. 

 
This implies that it is necessary to undertake further 
research on new technological and design solutions 
in manufacturing the burners. 
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