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One of solutions of this problem can be using the distribution of random variables 
describing the time of device’s proper operation time. 

 

 

2. Theoretical distributions of random variables as reliability models of technical 
objects  

 

The description of reliability properties is possible using theoretical distributions of 
random variables. In such cases the object is considered as a system of known structure. The 
proper operation time of particular sub-systems is described by random variables with 
density distribution depending on dominant, physical character of the damages.  

Amongst many models of this type, two special are gamma and normal (Gaussian) 
distributions. 

 gamma distribution 

Density function of a random variable is denoted by [2]: 

f(t) = bt)(t
Γ(g)

b g
g

 exp1     (1) 

where: 
b – scale parameter,  
g – shape parameter 
  

Gamma distribution is useful in description of the proper operation time of devices when 
[1], [2]: 

 objects in the inital moment (t0 = 0) are homogeneous, which means the differences 
between crucial, selected parameters are irrelevant; 

 mean wear velocity is constant; 
 wear velocity is subject only to random fluctuations. 

 
The property of this model is that it concerns the damages caused by accumulating 

damaging stimuluses (as a result of wear), assuming linearity of wear process. As an 
example of such wear model and the resulting damages may serve surface wear, such as 
abrasive wear, i.e. rolling and plain bearings, gears and volume wear involving rupturing of 
pieces as a result of accumulating strains and e.t.c. 

- normal distribution (Gaussian) 
Density function of a random variable is denoted by [2]: 

f(t) = 
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where: 
 – expected value,  
 – standard deviation. 
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Gaussian distribution is useful in description of the proper operation time of devices 
when similar to gamma distribution conditions are met. The fact that random variable of 
normal distribution can take negative values (while the proper operation time – only positive 
values) can be a limitation. However, if the random factor: 

3

1



σ

 ,     (3) 

the probability of the random variable T taking negative values is negligibly small, which 
allows using this distribution [2], [8]. 
If the condition (3) is not met a normal distribution N(, ) of random variable T cut in point 
t=0 having density function [2] is to be used: 

f(t) = 











 2

2

2
exp

2 σ

)(t

πσ

c 
    (4) 

where: 

c = 









σ
Φ1

1


 

It is important that the normal distribution cab be applied to describe reliability instead of the 
gamma distribution, assuming that shape parameters of this distribution are large enough (g > 
12) [2] 
 

3. Applying the normal distribution to determine diagnostic tests frequency 
Because of universality and commonness of the normal distribution it can be used to 
determine diagnostic tests frequency, under certain conditions. The conditions are: 

1. Based on 3  rule it can be concluded with the probability of  99,73% that the 
proper operation time of the device will be included in [ - 3,   + 3] interval. 

2. By designating  - 3 = tmin and  + 3 = tmax with the probability of  99,73% it can 
be concluded that the proper operation time of the device will be included in [tmin,  
tmax] interval. 

3. From practical point of view the probability of 99,73% can be taken as a 
probability of a certain event. 

4. The probability of the proper operation time of the device in [tmin,  tmax] interval 
can be denoted (assuming condition 4) by P(t = tzd) = 1- F(tzd), where F(tzd) is 
cumulative distribution of N(, ). 

5. A  estimation can be taken as: 
a. The arithmetic average ̂ś 	of the empirical reliability test results, if 

available. 
b. If such results are unavailable, the period of time between repairs of 

designated construction node of the device can be determined based on 
technical manual of the device. 

6. A  estimation can be taken as: 
a. The standard deviation 	of the empirical reliability test results, if 

available. 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


 
For a pr
using no
fig. 2 in

Usi
process 

b. I
a

ractical use 
ormal distri

nto a pie cha

Fig. 3T

ing presente
proceeds in

If such res
acceptable v

Fig. 2 The d

of common
ibution dens
art shown in

The principle o

ed chart for 
n two stages

sults or any
value of thi

density functio

nly known r
sity function
n the fig. 3.

of transformat

estimation 
s shown bel

y other inf
s parameter

 

on of the Gaus

relationship
n tables, one

tion of probab

of time rem
low. 

formation i
r, which is 

sian distributi

s shown in 
e can transf

bility density G

maining to th

s unavailab
. 

ion - 3  rule 

the fig. 2, w
form the gra

Gaussian distr

he beginnin

ble – the m

with no need
aph shown i

ribution 

ng of diagno

maximal 

 

d of 
in the 

 

ostic 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Firs
establi

T –
tzd –
Bas

assu
corresp
length

Equ

 
The

and

The
values

Thi
 

 Stage I

st of all, req
ished Pzd (T

– random va
– establishe
sed on fig. 2

uming that
ponding pie

h correspond

uation (5) c

e relationsh

d correspond

 Stage I

e final proc
s correspond
is operation

I 

quired value
T  tzd), whe
ariable descr
ed time of ob
2 and 3, this

Pzd (T  
t probabilit
e chart frag
ding to Pnzd 

F

an be writte

ip (6) allow

∙

∙

ding arc len

II 

edure is res
ding to acce

n can be pres

e of probab
ere:  
ribing prope
bject’s prop
s probability
tzd) = 1 – [(
ties Pnzd a

gments show
- zd, lzd. 

Fig. 4 Graphic

en:  
∙ ∙

ws to specify

"

ngth lzd: 

∙ 2

scaling the 
epted tmin, tm

sented in a w

le proper op

er operation
per operatio
y is represen
(Pnzd (T < tzd

and P” are
wn in the fi

cal illustratio

" 1

y zd angle:

∙ ,

2 ∙ ∙

results acqu

max, ś̂  and 
way shown

peration tim

n time; 
on. 
nted by equ

d) + ” T
e symbolica
g. 4. In the 

n of the equat

 

360 ∙

∙ 3,5449

uired in stag
 values (fi

n in the fig. 5

me of analyz

uation below
]       

ally represe
same figur

tion (5) 

0,99865

  

ge I into rea
ig. 2). 
5. 

zed object h

w: 
                  

ented by a
re the angle

  

,   

  

al exploitat

has to be 

        (5) 
areas of 
e and arc 

 

(6) 

(7) 

(8) 

tion time 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


The

Bas

Kno
′ 	cr

Fin
started

 
4. C

 

Bas
which 

Fig. 5 

e angle  = 

sed on equa

owing the 
reate a ratio

′

nally, it can
d with assum

Calculation

sed on equa
is the subje

Rescaling the

359,028o (f

ation (9), rad

value of ra
o: 

→ ′

n be writte
med probab

n example 

ation (11), 
ect of the pa

e results acqui

fig. 3) corre

∙ 2 ∙

ś̂

dius r’can b

adius r’ aft

∙
36

0,99865

n that time
ility of  task
′ ś̂

a relatively
aper. The so

ired in stage I

esponds to b

∙ 2 ∙ ∙  –

∙  – fig.

3 ś̂

be calculated

∙
360

ter taking i

60 ∙ 0,9986
360
∙ 6,0
 

e before w
k completio

3 0

y simple so
olution requ

I into real exp

both l and l’

fig. 3 i 4 

. 5 

3 6

d: 
0 ∙ 3 ∙
∙

 

nto conside

65
∙

016 ∙   

which diagn
on Pzd and sp
0,99865

olution can 
uires only th

ploitation time

’ arc length,

  

 

eration the 

3,5449 ∙

36

0

nostic exam
pecified stan

∙ 6,01

be present
hree values, 

e values 

,  wherein: 

 

relationship

60 ∙ 3 ∙
∙

0,56419
  

minations sh
andard devia
16 ∙    

ted for the 
precisely:  

 

      (9) 

p 

 

(10) 

hould be 
ation is:  

(11) 

problem 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


It was a

Results 

 

5. S

The
reliabi
the cru

Cre
The

versati
any de
distrib

 Requir
 Mean t
 Standar

the dev
any oth

assume

assumed sam

 ś̂ 1
 Standar

obtained ha

Summary 

e presented
ility feature
ucial subsys
edibility of t
e principal 
ility which 
evice or ene
bution. 

ed probabil
time of prop
rd deviation

vice  - as it 
her inform

ed, that is 

mple values

1000	  
rd deviation

ave been pr

Fig. 

d method se
s of comple
stem of ship
the method 
advantage 
makes that 
ergy subsys

ity value of
per operatio
n of the ran
has been m
ation – ma

ś  

: 

n  = 150 h

esented in t

6 The results 

eems to be 
ex technical
p power plan
should be v
of this met
the method

stem where

f proper ope
on time of th
ndom variab
mentioned be
aximal, acc

the fig. 6. 

obtained for ̂
 

a proper s
l systems - f
nt.  
verified dur
thod is its s
d in questio
e there are g

eration time
he device m
ble describin
efore, when
ceptable va

̂ś 1000	

upplement 
for example

ring empiric
simplicity. A
n may be ap
grounds for

of the devi
mentioned - ̂
ng the prope
n there are n
lue of this 

and   = 150

to the way
e: main ship

cal research 
An addition
pplied to re
r the applica

ice - Pzd; 
̂ś ; 

er operation
no empirica
s parameter

0 h 

ys of descri
p propulsion

naturally. 
nal advanta
eliability an
ation of the

n time of 
al data or 
r can be 

 

iption of 
n engine, 

age is its 
alysis of 
e normal 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


 
6. Bibliography 

[ 1] Benjamin J.R., Cornell C.A.: Rachunek prawdopodobieństwa, statystyka 
matematyczna i teoria decyzji dla inżynierów. WNT, Warszawa 1977. 

 [ 2] Girtler J.: Modele matematyczne w badaniach niezawodności silników o zapłonie 
samoczynnym. Konferencja Naukowo-Techniczna "Utrzymanie silników o zapłonie 
samoczynnym w ruchu" EXPLO-DIESEL'98. Instytut Technicznej Eksploatacji 
Siłowni Okrętowych WSM w Szczecinie, Szczecin 1998. 

[ 3] Girtler J.: Sterowanie procesem eksploatacji okrętowych silników spalinowych na 
podstawie diagnostycznego modelu decyzyjnego. Zeszyty Naukowe AMW, nr 100A, 
Gdynia 1989. 

[ 4] Girtler J.: Możliwości zastosowania i przydatność procesów semimarkowskich jako 
modeli procesów eksploatacji maszyn. Zagadnienia Eksploatacji Maszyn, z. 3/1996, s. 
419-428. 

 [ 5] Okręglicki W., Łopuszyński B.: Użytkowanie urządzeń mechanicznych. WNT, 
Warszawa 1980. 

 [ 6] Rudnicki J.: Model niezawodnościowo – funkcjonalny okrętowego, tłokowego silnika 
spalinowego, 2000. Rozprawa doktorska (11.03.2000). Politechnika Szczecińska, 
Wydział Techniki Morskiej. 

 [ 7] Rudnicki J.: Identyfikacja procesu eksploatacji okrętowych urządzeń i systemów 
energetycznych w aspekcie potencjalnych możliwości opracowania jakościowych i 
ilościowych modeli matematycznych tego procesu. Praca wykonana w ramach projektu 
finansowanego przez MNiSW Nr N509 045 31/3500. Projekt badawczy pt.: 
„Kształtowanie bezpieczeństwa działania systemów energetycznych środków 
transportowych na przykładzie systemów okrętowych”. Gdańsk, 2007. 

 [ 8] Żółtowski J.: Wybrane zagadnienia z podstaw konstrukcji i niezawodności maszyn. 
Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa 2004. 

 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl

