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THE LAW OF TIME DISTRIBUTION OF

CONTINUOUS WORK AND RELIABILITY

CHARACTERISTICS OF NDN TYPE PUMP UNIT

Abstract

The article covers the application methods of the law of time distribution
of continuous work and reliability characteristics of 16 NDN type pump unit,
which is being exploitated in Salyan region for melioration. It was revealed
that in spite of continuous exploitated, this pump unit is still characterized by
reguired reliability.

The 16 DND type pump units that are very suitable in technical indicators are
used in electrical pump units used for hydroameliorative purposes in Salyan region,
to provide the pressure of the water at most 6,0 meter, the water discharge in the
water source between 0,5-0,6 m3/ sec. interval depending on the season, to move
away the mineralized waters regularly from the areas. The investigation of the law of
time distribution of continuous work, reliability characteristics of 16 NDN type pump
units is very important from scientific and practical point of view. Taking this into
account, the operation of one 16 NDN type pump unit in “Shimal - 2” pump station
during in a year is studied. As a result, serviceable periods between the shut-downs
and all the factors causing these shut-downs are studied. Slackening of glands, fault
of bearings, necessity of impeller to be repaired or changed by another one, renewal
of guard rings, restoration of gland seals, different faults in electrical equipments [1]
and others are among the factors causing the shut-downs. We consider a pump unit
as a system and notice the main elements influencing on its reliability and shut-
downs occurring in it. These are mainly the shut-downs occurring in mechanical
parts [2] i.e. when a pump unit shuts-down, the elements causing the shut-down of
the pump-unit are determined. They are bearings, guard rings and guard rings, and
impeller.

According to experimental data characterizing the operation of the pump unit,
the variation order of its serviciable time between the shut-downs expressed by hours
is composed. The aim is to define the law of time distribution of continuous work
graphically. The obtained numbers are arranged in the increasing series t1 ≤ t2... ≤
tN and are given in the form of the following table [3].

In the table, ti stands for the values of the numbers in the variational series, ni

is the number of shut-down during the working hours of the same value in the i-th
line. Hi = Hi−1 + ni (i = 1, 2...31), Hi/

∑
ni is shut-downs frequency.

The composed table is for determining graphically the distribution laws of co-
ordinate nets that correspond to different distribution laws (1−Hi/

∑
ni). The
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kind of such distribution laws are estimated in the form of continuous operation
probability curve.

Table. Variational series

Verify the correspondence of distribution obtained from experiments with the
exponential distribution law. For that we register the experimental data in the table
in the coordinate net known for the exponential distribution law, draw a straight
line from the obtained points and note the greatest slope (D = 0, 25). As according
to A.N. Kolmogorov’s correspondence criterion D

√
k = 0, 25

√
31 = 1, 39 > 1 we can

say that the obtained statistics doesn’t correspond to the exponential law and there
may happen that in general the same conjecture may be proved. It is obviously seen
from figure 1.

Now, arrange the actual data in the coordinate net corresponding to incomplete
normal distribution law. As before, draw a straight line closer to the noted points.
Find the value of the point that arranges at maximum far distance from the straight
line.

In this case D = 0, 11. According to correspondence criterion, as D
√

k =
0, 11

√
31 = 0, 61 < 1 , the distribution of operation time corresponds to the in-

complete normal distribution law.
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Now calculate the mean operation time T between the shut-downs and the mean
quadratic slope σ of continuous operation time. For that [4] use the dependences

T =

(
n∑

i=1

ti

)
/n; (1)

σ =

√√√√ 1
n− 1

n∑

i=1

(
ti − T

)2
. (2)

hour

Fig. 1.

hour

Fig. 2.

Since N = 31;
31∑
i=1

ti = 2153 we get T = 2153/31 = 69, 5 hours. It is very difficult

to calculate formula (2) for large values of n, for large and incomplete values of t1.
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It takes much time and many mistakes are made at calculations. In order to save
time and to reduce the errors we use the following equalities

n∑

i=1

(
ti − T

)2 =
n∑

i=1

t2i −
1
n

(
n∑

i=1

ti

)2

(3)

Substitute the values in formula (3) and get

n∑

i=1

(
ti − T

)2 =
n∑

i=1

t2i −
1
n

(
n∑

i=1

ti

)2

= 195575− 1
31
× 4635409 = 46046

hours.
Substitute the obtained number in formula (2) and get

σ =

√
1

n− 1

∑(
ti − T

)2 =

√
1
31
× 46046 = 39, 2

hours.
The upper and lower bounds for T are calculated by the following equalities:

Ta = T − tα(n−1)σ/
√

n; the lower bound; (4)

Ty = T + tα(n−1)σ/
√

n; the upper bound, (5)

here tα(n−1) is the quantile of Student’s distribution for the probability α.
According to the appropriate table tα(n−1) = t(0,95)(30) = 1, 61. Here α = 0, 95.

Using equalities (4) and (5), we get the following values

Ta = 69, 5− 1, 61× 7, 04 = 58, 17;

Ty = 69, 5 + 1, 61× 7, 04 = 80, 83.

58, 17 hours < T < 80, 83 hours.

Now calculate the lower and upper bounds for σ using the formula

(n− 1)σ2

χ2
(1−β/2)(n−1)

≤ σ2 ≤ (n− 1) σ2

χ2
(β/2)(n−1)

(6)

and the table:
here χ2

(1−β/2)(n−1) and χ2
(β/2)(n−1)are the quantiles of the distribution of xi square

corresponding to the probabilities p = 1− β/2, p = β/2, respectively.

χ2
(1−β/2)(n−1) = χ2

(0,95)(30) = 43, 8

χ2
(β/2)(n−1) = χ2

(0,95)(30) = 18, 5

Substitute the obtained numbers in inequality (6) and get

10152 < δ2 < 2492
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32 hours < σ < 50 hours.

When the condition T/σ ≥ 2 is satisfied, as the normalizing factor of the incomplete
normal distribution c ≈ 1, the incomplete normal distribution law coincides with
normal distribution law. In our case since T/σ = 69, 5/39, 2 ≈ 2, we can accept the
distribution of continuous operation time of the pump unit as a normal distribution,
and calculate the continuous operation probability by the formula

P (t) = 1−
[
Φ0

(
t− T

σ

)
+ Φ0

(
T

σ

)]
(7)

Here, Φ0 (z) = 1√
2π

z∫
0

e−ν2/2 dν equals the expression of and is calculated by means

of a special table. At the same time, Φ0 (z) is an odd function, i.e. Φ (−z) = −Φ(z).
Within the mean operation time between shut-downs, for example during t = 50

hours, calculate the continuous operation probability of the pump unit:

z1 =
(
t− T

)
/σ = (50− 69, 5) /39, 2 ≈ −0, 5

z2 = T/σ = 69, 5/39, 2 = 1, 8

By a special table we find Φ (1, 8) = 0, 464; Φ (−0, 5) = −0, 292. Taking into
account these values in equality (7), we get P (50) = 1 − 0, 172 = 0, 828. The
experiments and theoretical calculations show that for long term reliable operation
of the technical system it is required to render it a technical service in good time
and carry out running and overhaul repairs.

It is impossible to provide operation reliability of the system without determina-
tion of distribution law of continuous operation time and reliability characteristics.
The measures taken by ignoring the reliability theory are carried out spontaneously
or based on production skills. As the technical systems in all the fields of economy,
designing construction and operation of hydromeliorative projects, should be carried
out with regard to reliability theory.
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