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DIAGNOSTIC ANALYSIS OF RANDOM VIBRATION RESULTS IN THE AVIATION
GAS TURBINE ENGINES

G. Sh.Tuganov!, C. M.Rakhimov', E.Norkulov?

!Academy of Armed Forces of Uzbekistan
ZAircraft and engine of aviation military school

Abstract

Studies are often conducted to minimize the effect of vibration on equipment and its
mechanisms. Since the engine is the main driving force of all technical objects, vibration is one
of the factors hindering its operation. With this in mind, this article investigated the random
probability distribution of vibration parameters using the laws of mathematical statistical
distribution and was found to be compatible with the normal distribution law. At the same time,
this study demonstrates that the proposed method of technical diagnostics can be used to assess
helicopter engine failures.

Key words: gas turbine engine, vibration, normal distribution, correlation, selectivity,
histogram, Pearson criterion, Romanovsky criterion, resource, RMS quadrature.

The scientific results and its confirmation.

Occurring in gas turbine engines vibration random values call the the main lot x, for
researching the characteristics of the engine will extract from it a choice X, is equal to the
volume of n that is, X<x. Empirical distribution function (distribution function of the choice) X is
called a function F*(x), which determines an event probability for each value of X. so,

according to the description:
n

F*(x) == (1)
The number of variants is less than ny —x;
n-is the volume of choice.

The F (x) integral distribution function of the main lot is different from the empirical
function of the sample distribution, and it is called the theoretical distribution function. However,
it follows from Bernoulli's theorem that X<x is the relative frequency of a phenomenon, i.e.
F*(x), probably approximates the probability F(x) of the same phenomenon [1-5].

In order to assess the theoretical function by choosing (sampling set) the main set (results
of random vibration on the entire object under examination, i.e. on the helicopter engine) we use

the results (9™ column of table 1,) research works conducted in the conditions of the Republic of
Uzbekistan.

Table. 1.
Sample statistical data of diagnostic object
1 2 3 4 5 6 7 8 9 10
CH) ra T n Tr ¥ 9
Ne Engine P Tox N * e I onopa IV onopa
q. MM HOM. HOM.

% oC MM/c MMm/c

right engine. 0 | 7534 ] 26 | 000 | 94 94,7 820 2 22
TB3-117BMA | 500 | 703 32 [ 008 | 939 | 946 832 6 25,2
7896544921590 | 700 | 705 | 125 | 0,11 | 93 94,2 834 10 28,2
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year of 900 | 710 | 275 | 013 | 925 | 941 835 14 28
manufacture

1987
FO-2009 h, 1203 | 708 26,2 | 0,17 9,2 94,0 838 18 29,5
After repair

12.04.16 y.
ALR382h/ | 1409 | 6974 | 28 | 020 | 9,17 | 938 856 22 31,82

FO (h)-first operation
ALR (h)-after last repairing
Table. 2.

Mi-8 helicopter engine statistical data of the distribution of vibration parameters

options X; mm/c 2 6 10 | 14 18 22
number of measurements n; 6 12 14 18 24 26
(frequency)

Based on the data of table 1, we will build a table 2, where we find the sample size of
observations equal to the total sum of frequencies in which the highest value of this parameter is
2,

6+12+14+18+24+26=100,
Then, there will be F*(x)=0 at X<2; there will also be X1= 2 at X<6 and this will be repeated 6
times.
Thus, the interval of the empirical function arises:

If,
2<X<6 then F'(x)=—-=0,06 ,

At a vibration value X< 10 then, events X;=2 and X;=6 will be 6+12=18 times observed.

Then,

At 6<X=<10 will be F"(x)=->=0,18.
When X<14 will be X1=2, X,=6, X3=10, next, 6+12+14=32 times events are observed.
Based on the above:

At 10<X<14 will be F'(x)=-==0,32,
furthermore,
X<18is 14 <X< 18 then F (x)=50/100=0,5.
At X= 22 there will be the largest option, then At X<22 based on the fourth property of
the empirical function there will be F*(x) = 1.
Now we write down the expression of the studied mathematical probability of the parameter
distribution range characterizing the mechanical oscillations of the aircraft engines used in

terrain of Uzbekistan:
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F*(x)=J

X<2-0a 0

2< X <6-0a 0,06

6< X <10-0a 018
10< X £14-0a 0,32
14 <X <18-0a 05

18< X <22-0a 1

()

In (2) given the functional relationship, the function helps predict observation events (critical
failures) of diagnostic objects (up to). Let's make table 3 on the basis of the same empirical

function.
Table. 3.
Dependence of the empirical function on the probability of observations
options X; 2 6 | 10 | 14 | 18 | 22
V- um/c
Values of empirical
function of observable 0 0,06 | 0,18 | 0,32 0,5 1
phenomena P

Dependence of the frequency of oscillations of the helicopter on the probability of observations

l R
09
08
07
06
05

04

T e e

02 |

01

0

10 14

18

X

b2l

In the same place, the theoretical function values of F(x) are related to the empirical
function and its probabilistically expected results [6-9]. Therefore, we can say that the empirical
distribution function serves to evaluate the theoretical distribution function.

For mathematical processing of the received data it is necessary to make the table at first (table

4).
Generalities:

1.when constructing vibration values, the number of measurements or observations must

be taken into account;

2.the vibration values are divided into ranges by an equal number of observations (total

number of observations (50) [10-15].
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Table. 4.

Statistical distribution of GTD helicopter vibration parameters

| [ [0-3] | [3-6] | [6-91 | 9-12] | [12-15] | [15-18] | [18-21] | [21-24] | [24-27] | [27-30]

Ny 1 2 5 6 11 10 7 4 3 1

Given the proximity of the distribution to the normal distribution in table 4, we make a
histogram of the relative frequency of observations (Table 5). Then for convenience of
calculation we will make the table of probabilities of distribution of vibration values

Table. 5.

Probable distribution of vibration values for histogram compilation

X | 15 45 | 75 | 10,5 13,5 16,5 19,5 22,5 25,5 28,5

W 002 | 004 01 | 012 0,22 0,2 0,14 0,08 0,06 0,02

For processing of experimental results and convenience of calculation we accept the new
variable t expressed by arithmetic progression, in arithmetic progression a;=1,5, d=3 then, the
general formula will look as follows:

xn=a1+d(n-1)=1,5+3(7-1)=37-1,5 3)
Then we find the expectation.
10
M(T)=) TW, 4)
i=1

To compose the table to expression (4), we enter statistical distributions in the first and in the
second line, so as a result we calculate expectation:

10
M(T)= Z:TiV\/i =0,02+0,08+0,30+0,48+110+1,20+0,98+0,64 + 0,54 +0,2=5,54
i=1

Then we find the dispersion in vibration,
o(X)=./D(X) =/34,65 =588~58 (5)
where ¢ (X) - the mean square deviation;
M (X) - expectation;
D (X) - the variance of the vibration.

If you received a smooth curve close to a Gaussian distribution, it is possible to treat
statistically the data obtained for gas-dynamic engine parameters, using known mathematical
expectation value m=M(X) and standard deviation in vibration motor o=o(X) for the normal
distribution.

We see that the mathematical function of the deliverance corresponds to the normal
distribution of the random variables are Gaussian.

Thus it can be observed that the expectation function corresponds to the normal distribution of
random variables by Gauss,

1 ~(x15?/(202),

f(x)=

oA\ 21

If we assume —— > =U that regards to f(x) the-Gauss function, we get that it is the

vibration of the gas turbine engine (GTE) as the Gauss distribution for random variables of the
GTE,
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Therefore, the results obtained can be compared with the probability of random variables
falling into a given point. We assess this by the formula:

b-—m a—m
P(a < (X)<b)= 0,5{@(6—\/5 - @(G—ﬁﬂ, (7

in this case, enter the designation of the error function

2

q)(x):%je dt (8)

Then, the Laplace function whose values are given in table 4 [2], Find m=M (x)=15 and the table
data:
P(0< x < 3) =0,5[- ®(1,44)+ d(1,80)] = 0,5[- 0,9583+ 0,9891] = 0,02;
Continuing thus, we find the probability of events at all intervals (table 1) vibration,
P(3< x <6) =0,5- ®(1,08)+ ®(1,44)] = 0,04
We will continue according to the table 1 and so take to the interval.
On their basis for the period of operation in mountain desert conditions of Uzbekistan we draw
histogram 2 a normal distribution of vibration values.
Comparing the values of W and % x f{x) (or W and P), we can verify that the statistical
distribution of vibration data of complex technical systems, obtained by the example of the
helicopter GTE [13, 14], corresponds to the normal distribution law.
Histogram 2

0,2
0,18
0,16
0,14
0,12

01
0,08
0,06

0,04

Histogram 2. Distribution of vibration data of MI1-8 helicopter GTE in mountain-desert
operating conditions at operating time 2000-2500 hours
Now calculate the random vibration values of the left engine of the helicopter Ne22565 1986
release. We use the table below to calculate 3?:
Table. 4.

(W — P)?

N w P W-P (W — P)?
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1 0,02 0,02 0 0 0

2 0,04 0,04 0 0 0

3 0,1 0,09 0,01 0,0001 0,001
4 0,12 0,15 -0,03 0,0009 0,006
5 0,22 0,19 0,03 0,0009 0,005
6 0,2 0,19 0,01 0,0001 0,0005
7 0,14 0,15 -0,01 0,0001 0,0007
8 0,08 0,09 -0,01 0,0001 0,001
9 0,06 0,04 0,02 0,0004 0,01
10 0,02 0,02 0

Calculation table,q;2
Then we get:

A =n3 M =50-0,0242 = 1,21 )

1=10 number of measurements;
t=3 step between measurements;
Then,r=n,—h=10-3=7
To calculate the criterion given in table IV, find the probability values r=7 on the basis of the
table if, 2 = 1 then, P=0,9948; if, y* = 2 then, P=0,9598; if, > = 1,21 then, for the interval
P, a value is assumed.

The greater the number 4?2, the less likely the event is. This value can be found by
interpolation.
For > = 1u y* = 2 the probability has the following difference:

AP = 10,9948 — 0,9598 = 0,035
Increasing 2, decreases the value of P so »* = 1,21,
further based on this property
P(1,21)=0,9598+(2-1,21)0,035=0,9598+0,79-0,035=0,98745;

Conclusion

Since the probability obtained is greater than 0,1, according to Pearson's criterion, the
statistical distribution obtained is close to the law of normal distribution.
According to Romanovsky criteria:

|1 21— 7| |5,79] _
o = oo =L54T< 3 (10)

Thus, the agreement between the statistical distribution and the theoretical distribution
can not always be observed, that is, when P <0,1 then, it is incompatible, and when P> 0,1 is
consistent. In our case, the probability of the event is P> 0,1 and it is consistent.

|zz

Based on V.I. Romanovsky's criterion (10), if the modulus | | is greater than or equal to 3,

then, is probabilistically non-approximated and has a large dlfference if less than or equal to, the
values between the subs are approximate.
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