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STABILITY OF THE LAWSFOR THE DISTRIBUTION OF THE
CUMULATIVE FAILURESIN RAILWAY TRANSPORT

Summary. There are very many different laws of distributifor example), bell-
shaped (Gaussian) distribution, lognormal, Weildiditribution, exponential, uniform,
Poisson’s, Student’s distributions and so on, wtiietp to describe the real picture of
failures with elements in various mechanical systeim locomotives and carriages, too.
To diminish the possibility of getting the roughraer in the output of maths data
treatment the new method is demonstrated indhisle. The task is solved both to the
discrete, and to the continuous distributions.

CTABUJIBHOCTDB 3AKOHOB PACIIPEJEJIEHUA U1 HAKOITJIEHHBIX
OTKA30B HA XKXEJIEBHOJJOPOXXHOM TPAHCIIOPTE

Pe3tome. lMeercst o4eHb MHOTO DPa3MYHBIX 3aKOHOB pacrpejeieHus (Hampumep),
HopMaueHbIH (["aycca), morapudmuueckn HopManbHbIH, BeiiOyiia, S9KCHOHSHIIHANIBHBIH,
paBHOMepHbIH, Ilyaccona, CTbtoneHTa U Jp., KOTOPbIE IOMOIalOT OIKCATh PEATbHYIO
KapTHHY OTKa30B C D3JIEMEHTAMHM B pa3HBIX MEXaHMYECKHX CHUCTEMaX, a TaKXke B
JIOKOMOTHBAX U BaroHax.

1. INTRODUCTION

It is common knowledge that the mistake in a detiom and acceptance of the wrong
distribution law leads to the great financial exgliesre and to the infringement of the productiocley
(Fig. 1).

The term of operation for the same system will lb&eqdifferent if one or another law of
distribution is taken into account using traditibodteria (for example x?, na’, A and others). For
this case if the survival probability has the canstmeaning 0.6, the first term of operation gives
0.243 only but if it is the second version, thertés corresponded to 24.0! It's the essential diffiee.

But could the received law be extrapolated forltdmger term of operation for our system than it
was accepted? Or maybe it's true only for defihiitdts of statistical data. This important task e
theoretically solved for two examples: to the diter(1) and to the continuous (2) distributions for
normal law. In both cases the main parameter @gexion will be the coefficient of variatioh ér v/
which for the normal distribution must be less tBaB(3)). Moreover = f =g /M , where:0 - the

guadratic mean declinatiodl - is the mathematical expectation.
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Fig. 1. The two laws of distribution with differestirvival probability Pland P2
Puc. 1. /IBa 3aK0HA pacOpeAeICHUS C Pa3InIHBIMKA BEPOATHOCTSIMHU Oe30TKa3HoM paboTsl Pl u P2

2. THE ANALYSISOF THE STABILITY FOR THE DISCRETE
LAW OF DISTRIBUTION (1)

Let's N is the initial value of the unregulated statidtioformation.

_ 2
ThenM =" nx /N; dispersionD = g° =w :

where: X, — the meaning of the accidental observed magnitutie— the number of cases and
> n =N; moreoverv’ = {2 =g?/M?.

Now let's throw off AN from N by accidental way. Then the residual part of thigain
statistical dataN; = N —AN .

IndexesA and 1 have the link only with the parameters cotetefor AN and N, .
The next dependence must be obtained:

2
b e
> nx =0’ (N-1)+M?*N;
> Anx’ =0z (AN -1)+ M2AN ;
> (n -on)x =0 (N-AN-1)+ M (N - AN);

1
Ml:N—

_ 1 _
N(NM ANMA)—N_ANZ(ni An)x .



Stability of the laws for the distribution... 37

Let's the signg =M /M, . Then

o 1 [Z”i)ﬁz DXL (N —AN)}

'UN-AN-1 M2 M2
2 _A\_ 2 _ 2Nl _ A 2 _ 2
_ 1 [lo*(N-)-gZ(aN-1)+ MmN ZMAAN](N AN) (N-an)) =
N-AN-1 (NM -ANM,)
_ N=AN [ [F2(N-1)- £2g2(AN -2)+ N - g ?AN](N - AN) - (gN -aN)* | _
N -AN -1 (gN -ANY?
_ N-AN (N-aN)[(N-2)f2g? - (aN 1) 1]~ NAN(g -2)
N -AN -1 (gN -AN)? '

Having taken the square root frorif, the output will be found. But the all terms iretlast

formula don’'t have index 1. So we needn’t work witle big part of statistical data to get the final
result. If it will be less 0.3(3), the law of difmtion is the same. So it's a stable law, and the
observation for the system can be stopped.

Analogously the next results can be obtained tdficeent of asymmetryC, and of excesk;. For

all initial statistical data:
ool -M) >nx 3N-1) 1
Nog? Ng? Nf f3°

= N103 > nx¢ -3Ma?(N -1)-M*N]=
3
R o

3
ZAniZQ —C, + 3(AN -1) +i3,
ANG? ANf, £,

1
+F;

then
C = Z(ni _Ani)(xi _M1)3 -
' (N -AN)
_ 2
=%{93[0Nf 2 4+372(N-1)+N|-[c, AN +3(AN -1)f2 + AN] -
1 \GN —
_3N-oN-1) 1
(N-AN)f, 2
and for excess:
1
(E, +3)(N-AN)= {g*[(E+3)NF* +aoNf2 +6(N-2)72 + N|-
' (gN -AN)* £,°

—[(E, +3)aNE +4C,ANKZ + 6(AN —1) 2 + ANJ - 25 (N - AN) - 6(N-AN-1) N-AN.

f1 f12 f14

3. THE ANALYSISOF THE STABILITY FOR THE CONTINUOUS
LAW OF DISTRIBUTION (2)

Now let's get the same formulas as it was for parsi¢l).
Namely MX - is the mathematical expectatiam? = DX is dispersion. Then
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MX =Txf(x)dx; o? = DX = [(x=MX ) f (x)dx;

1

2

DX
(MX )’

jf(x)xzdxsz +(MX ) Tf(x)xzdx D, X +(M,X);

f (X)x’dx—1=

SD"_;CT QJ'—.U

J;x MX ) f(x)dx—(Mx)

b b b
j f, (X)x%dx = D, X +(M, X ); M, X =j f (x)xdx—j f, (X)xdX;
then ) ’ ’

vi=f72=

b 5 ) ,
LT hoode-1=2X +(MX )’ -D, X —(MAX)Z—(MX -M XY _
(Mlx) a (MX—MAX)
_ (M) 2= (M, X P £2 = 2(M, X)* +2MX M, X _
(MX =M, X )
:(I\/IA)()2 2f2_fA2_2+29292f2_fA2+ 2
(0-1° (M, x) (9-17 g-1
So the final formula is mighty easy to work withAind else: we needn’t calculate the big
residual data N

Now, as in the first example above, analogouslyrind results can be obtained to coefficients of
asymmetryC; and of excesk;.

1b
—jx MX ) f (x)dx =
0- a

i{jxf(x)dx 3|v|xjxf(x)dx+3|v|x jxr(x)dx MX J'f(x)dx}
0'

_ 3 _3_1.
—?ix FOdk—+ -~

b
J'x3f (x)dx:(C+%+%J03;

b
cl_% (x=M,X ) f,()dx =
1l a

18 3 1 3 1)\c° 3 1) 3 1
= |[f()-f,(QCdx-——-==|C+o+= | 5| Co+—+— | 2 -——-5=(
0’13![ (9= 1.0] f, 12 ( f f3]03 ( A ja ®
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S mxP . ¢®
TSRS %g—1)3'

N (V"¢ S

2 (Mx-M, Xy ti(g-1°"
Lot (metde

(g -1y (g -1) gl
=t [lcre+arz+1)-(c, f2 w2+ -2 - L
f3(g-1) L f

Because the meaning fflaris determined above, so the task is solved too.
At last let’s get the formula for excess:

3+E=44,
g

U, =f(x ~MX)* f (x)dx;

3+E——{jx f (x)dx - 4|v|x(c+f+fi)a +6(Mx D + (Mx - 4(MX)4+(MX)4}

b

4 _ 3 _ 4.
jxf(x)dx{3+E+?(C+T fsj = f4}a.
3+E1-—jx f,(x)dx — T(C +T3+ij+£+i:

:ij'x“f(x)dx—ijix“f (X)dx+ A= 3+E+ 2 ce+ L
o'’ it ot f fofe

4 3 1 6 3|0,
-|3+E, +—|C, +—+— |-— - — |2+ A=¢*
{ 4 f[“ ] 2 ff}al“ o

(note: let's {*} = A) then
3,1 j_ 6 3 } A

A fA fA3



40 K. Voyno

-|3+E, s & CA+i+i3 —%—% f2 _4 Cl+i+i3 +£2+i4.
f, f, o) i f, f, f, f, f2 f

Because the meaning flaris determined above, so this task is solved too.

3. CONCLUSION

1. By means of artificial elimination some amouhistatistical data from initial information and
using traditional criteria to check the model ddtdbution law the researcher can not only finthis
law a stable one, but can get the response abgsihjiliy to do the extrapolation conclusions oa th
further term of operation for elements in locomesiycars and others systems.

2. Another recommendation is next: the share ofistent elimination must be approximately 20,
40 and 60 % from the initial value of the statistidata. If in the first case the law of distritautiwill
be the same (as for the all initial informatiort)means that the stability is not high and extrapoh
of conclusions for reliability of railway parts nto& be made for the future period of operation tfoe
system. In the second case the decision for theamoiition of conclusion has a chance about
50:50.And at last in the third case we can stopofwservation for the system and calculation, bexzaus
the law of distribution has a stability, and do thérapolation our conclusions about the reliapidt
locomotives and cars for the future.

3. Suggested procedure works gooN i usually more than 40 or 50.
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