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Introduction.

Most industrial enterprises are having park of rotor equipment - basic and auxiliary. Measuring of vibration speed – it is a level of vibration as in radial so in axial directions very often show the misalignment presence of mechanisms, loosening their fastening to foundation.

This work is devoted control of geometrical parameters and regulation of the state of production equipment (pump aggregates), through the laser alignment system „Easy Laser”, and also to the estimation of different factors influence, such as shaft offset, angular deviation and bolts strap force moment on the pumps aggregates vibration, that directly influences on equipment work duration.

The presence of vibration at an aggregate testifies to it obvious defects. Different units of aggregate can be as vibration sources too. There are:

·
Rolling bearings;

·
Journal bearings;

·
Rotors of machines;

·
Mechanical transmissions (gear, belt, worm);

·
Gear boxes;

·
Driving wheels of pumps, turbines and etc;

·
Electromagnetic systems of electric machines.

Vibration sources listed above can be whether as factories defects (for example, imperfect bearings, gears, rotors) or aggregate misalignment (offset and angular deviation) or loosening aggregate fastening to foundation.

Study tasks.
The purpose of my research is: establishment of due regularities between such factors as shaft offset, angular deviation and bolts strap force moment of equipment fastening to foundation by complete factorial conducting which influence on the vibration origin, and as results is equipment breakage. These factors (shaft offset, angular deviation and bolts strap force moment of equipment fastening) are not basic factors which influence on the vibration origin. But controlling them, and making equipment regulation coming from the recommendations got during an experiment, it is possible considerably to multiply the accident-free work of equipment, and consequently to promote the productivity and quality of eventual products.

During the experiment as the optimization parameter (response function) is the vibration value
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 and by factors, influencing on this parameter will be: 

·
Shaft offset value (Q);

·
Angular deviation value (E);

·
Bolt strap force moment of equipment fastening value (P)

Experiment planning model selection.

Mathematically the experiment planning task is formulated as follows: it is needed to get some picture of factor response surface, which possible analytically present as a function or mathematical model:
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Where   
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 - a parameter of optimization (process output) - in this case it is a vibration level 

                  (Vibration speed);
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- are variable factors on which a response depends and it possible to variate during the experiment (in this case it are shaft offset, angular deviation and bolts strap force moment of equipment fastening).
Regression equation got on the experiment results basis looks like:
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Where 
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- estimation of the response expected value
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Defining the regression coefficients of this equation, will get the picture of studied factors influence (shaft offset, angular deviation and bolts strap force moment of equipment fastening) on the vibration process. Also we will get the picture of factors co-operation and about motion sending to the optimum area. After a hit in an area, near to the optimum, by a linear model, a task is accepted as solved.

Varying factors interval selection.

The varying factors interval is some number (it for every factor) by addition to the basic level gives top, and deduction – lower levels of factor. The value of this interval accepts as unit of new scale of factor measuring. For experiment record simplification and experimental data processing, axes scales get out so that a top level corresponded +1, lower -1, and 0 corresponded basic. 

For factors with continuous determination area it is achieved by the transformation formula:
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Where:  
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 By the indicated transformation (3), beginning of co-ordinates is carried in the point, proper the basic values (zero) levels of factors, and the values of factors are measured in a new scale.

Experiment conducting. 
A complete factorial is an experiment, realizing all possible non-recurrent levels combinations of independent factors; each of them is varied at two levels. Number of these combinations:
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A complete factorial is given by possibility to find the separate coefficients estimations.

In table 1 columns
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 form planning array. The terms of experiments concern directly by them.

 Table 1
Three factors extended matrix for planning
	Plan point Nr.
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The planning array can be also presented geometrically (Fig.1).  Where the new coordinate axes
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 are conducted parallel to the axes of factors natural values through a point O, proper the basic level of 
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Fig.1. Complete factorial geometrical view.
We will make basic levels factors selection, near to apply in practice. Varying intervals coming from the real vibration limits factor values. (Table 2)

 Table 2

Levels of factors and varying intervals
	Levels of factors
	Designation
	Q

 (mm)
	E (mm/100mm)
	P 

(Nm)

	
	
	
[image: image35.wmf]1

~

x


	
[image: image36.wmf]2

~

x


	
[image: image37.wmf]3

~

x



	Main
	0
	0,07
	0,10
	350

	Varying interval
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	0,05
	0,08
	50

	Top 
	+1
	0,12
	0,18
	400

	Low  
	-1
	0,02
	0,02
	300


Where:          
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- Offset value;
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- Angular deviation value;
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- Bolt strap force moment of equipment fastening value.

In every point of factor space test repeated oneself for 3 times. Each time, during a test, when one of three parameters was regulated in accordance with the matrix of experiment, the other two parameters were set on a basic level (table 2).

Further performed the table (table 3) of the real sizes of factors on which an aggregate was set in accordance with the matrix of planning is.
Table 3
Real values of factors
	Nr.

v
	Real values of factors
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	1.
	0,03
	0,05
	320

	2.
	0,11
	0,04
	310

	3.
	0,05
	0,16
	325

	4.
	0,09
	0,15
	340

	5.
	0,04
	0,06
	380

	6.
	0,10
	0,02
	370

	7.
	0,06
	0,13
	395

	8.
	0,12
	0,18
	390


The results of experiment are generalized in (Table 4).

Table 4
Generalized results of experiment
	v
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	1.
	4,30
	3,30
	7,50
	5,03
	4,81
	6,09
	1,12

	2.
	9,20
	5,80
	8,00
	7,67
	2,97
	7,81
	0,02

	3.
	6,10
	16,40
	11,30
	11,27
	26,52
	9,07
	4,84

	4.
	9,30
	8,50
	12,10
	9,97
	3,57
	9,07
	0,81

	5.
	6,30
	4,20
	3,60
	4,70
	2,01
	5,63
	0,87

	6.
	8,80
	13,20
	4,00
	8,67
	21,17
	7,66
	1,02

	7.
	3,70
	4,10
	2,40
	3,40
	0,79
	6,36
	8,76

	8.
	14,60
	13,50
	2,90
	10,33
	41,96
	10,29
	0,01
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Mathematical model of object.

The purpose of complete factorial conducting is a description of the studied object as equation (2). For convenience it is necessary to use the equation of regression (4). 

Further made the object mathematical model drafting as connection equation of output parameter 
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 and variables 
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In order to get the object mathematical model in natural variables, it is necessary in equation (6) to put:
                           
[image: image58.wmf]50

350

;

08

,

0

10

,

0

;

05

,

0

07

,

0

3

2

1

-

=

-

=

-

=

P

x

E

x

Q

x


As result:                  
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Let’s make the correlation coefficient calculation.  The value of the got coefficient characterizes the regression coefficients contribution to equalization. In order to estimate correlation coefficient of it is necessary to fill the Table 5.
Table 5
Correlation coefficient estimation
	Points

Nr.
	Values
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	1.
	-0,8
	-0,63
	-0,6

	2.
	0,8
	-0,75
	-0,8

	3.
	-0,4
	0,75
	-0,5

	4.
	0,4
	0,63
	-0,2

	5.
	-0,6
	-0,5
	0,6

	6.
	0,6
	-1
	0,4

	7.
	-0,2
	0,38
	0,9

	8.
	1
	1
	0,8

	                          
[image: image63.wmf]63

,

7

=

y

                                 
[image: image64.wmf]å

=

34

,

60




                            
[image: image65.wmf](

)

(

)

84

,

0

34

,

60

45

,

17

1

ˆ

1

ˆ

2

2

=

-

=

-

-

-

=

å

å

v

v

v

v

v

y

y

y

y

R

                        (7)
Where: 
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   (Table 4).

Thus, equation of regression practically fully describes the results of experiment. The coefficient of regression by absolute value size is greater, the stronger his influence on the optimization parameter in the set interval of varying factors.

Experiment results.
Coming from the results of experiment and three mathematical models verification it is possible to say on adequacy, that the mathematical model of object (of vibration) is:
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This equation of regression fully describes an object on the followings reasons:

·
At first, in this equation included both fully statistically meaningful coefficients
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Secondly, incomplete statistical coefficients 
[image: image74.wmf]20

,

1

13

=

b

and 
[image: image75.wmf]11

,

1

2

=

b

 meaningfulness because the narrow varying interval 
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 . At multiplying these intervals coefficients become meaningful statistically. Though the size of every factor influence already is obviously traced and it does not depend on statistical meaningfulness of coefficients.
·
Thirdly, after the Fisher’s criterion calculation, it turned out that this mathematical model is practically adequate.

Further will make factors real values substitution, and within before chosen limits of the varying intervals in equation (8), will generalize these information in a Table 6 and on their foundation will build the graphs of dependences.

Table 6

Table of data comparison
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	0,02
	0,02
	400
	1,55

	0,03
	0,03
	390
	1,90

	0,04
	0,04
	380
	2,22

	0,05
	0,05
	370
	2,52

	0,06
	0,06
	360
	2,80

	0,07
	0,07
	350
	3,05

	0,08
	0,08
	340
	3,27

	0,09
	0,10
	330
	3,55

	0,10
	0,12
	320
	3,79

	0,11
	0,15
	310
	4,09

	0,12
	0,18
	300
	4,36
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Fig.2. Dependence graph 
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                        Fig.3. Dependence graph 
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Fig.4. Dependence graph 
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Conclusions and recommendations.

After conducted research about influence on a vibration (
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) rotor equipment  of such factors as shafts offset (
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), shafts angular deviation (
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), bolts strap force moment of equipment fastening to foundation (
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) I come to conclusion, that shafts offset (
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) bias more influences on the vibration origin, then complex of factors 
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 and
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, and the size of shafts angular deviation (
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) influences in the last turn. Such insignificant influence of factor 
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 on a vibration is explained that during an experiment, tripping of pump aggregate components was carried out with gear coupling.  

After the numeral values substitution from the varying intervals in equation of regression (8), Table 6 drafting and the graphs on Fig.2, Fig.3., Fig.4.it is possible come to conclusion, that when values 
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 and 
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increase  a value  
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 also increases, and at an increase 
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  a value 
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  decreases.

On the basis of results, got during research it is possible to give the followings practical recommendations:

·
During conducting shaft alignment works for equipment strictly follow the norms of exactness for concrete equipment;

·
As far as possible to provide replacement of the inflexible coupling between the components of rotor aggregates on gear couplings which provide more wide fields of admittance at equipment alignment ;

·
It is necessary to provide enterprise repair service by modern facilities of laser shaft alignment and vibration diagnostic equipments, and also by the dynamometric keys;

·
To conduct regular works on rotor equipment geometrical parameters (diagnostics and laser shaft alignment).
It is important to remember that the regularly conducted measuring, diagnostics and regulation works on rotor equipment is the mortgage of it long and non-accident work.
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Ļitvinovs D. Pētījums par atšķirīgu faktoru ietekmi uz sūkņu agregātu vibrāciju.

Vairumā rūpniecisku uzņēmumu iekārtu parkā ir iekļautas rotoru iekārtas, gan palīgrotori, gan galvenie rotori. Vibrācijas ātrumu mērījumi - tas ir vibrācijas līmeņa pārbaude kā radiālā tā arī aksiālā virzienā, kura bieži uzrāda asu nesakrišanu mehānismos, to stiprinājuma atslābinājumu pie pamata.
Dotajā rakstā ir izskatīts pilnu faktoru eksperiments, lai novērtētu tādu parametru ietekmi uz sūkņu agregātu kopējo vibrācijas līmeni, kā: vārpstu nobīdes lielumu, vārpstu leņķveida novirzes lielumu, kā arī agregāta stiprinājuma skrūvju pievilkšanas pie pamata vērpes momenta lielumu. Bet kontrolējot tos, un veicot iekārtu regulēšanu pamatojoties uz rekomendācijām, kuras ir saņemtas eksperimenta gaitā, var ievērojami palielināt bezavāriju aprīkojuma darba termiņu, kā arī paaugstināt ražotspēju un galīgas produkcijas kvalitāti. 

Pamatojoties uz eksperimenta rezultātiem tiek izdarīti secinājumi un dotas rekomendācijas iekārtas drošu ekspluatācijai.  
Litvinov D. Study of different factors influence on the pump aggregates vibration.

Most industrial enterprises have a rotor equipment park – basic and auxiliary. Vibration speed measuring (level of vibration as in radial so in axial directions) very often show the presence of mechanisms misalignment, loosening their fastening to foundation.
In present article is examined a complete factorial as evaluated by influence on the pumps aggregates vibration general level of such parameters as: shafts offset values, shafts angular deviation values and also bolt strap force moment of equipment fastening to foundation value. Controlling these parameters, and making equipment regulation coming from the recommendations got during an experiment, it is possible considerably multiply accident-free work term of equipment, and consequently to promote the productivity and quality of eventual products.
 On the basis of experiment results are making conclusions and are given recommendations, necessary for safe exploitation of equipment.

Литвинов Д. Исследование влияния различных факторов на вибрацию насосных агрегатов.
Большинство промышленных предприятий располагают тем или иным парком роторного оборудования – основным и вспомогательным. Измерения виброскорости -  то есть уровня вибрации как в радиальном так и в осевом направлениях очень часто показывают наличие расцентровки механизмов, ослабление их крепления к фундаменту.
В настоящей статье рассматривается полный факторный эксперимент по оценке влияния на общий уровень вибрации насосных агрегатов таких параметров как: величина несоосности валов, величина углового отклонения валов, а также величина момента затяжки болтов крепления агрегата к фундаменту. Контролируя эти параметры, и производя регулировку оборудования исходя из полученных в ходе эксперимента рекомендаций, можно значительно увеличить срок безаварийной работы оборудования, а следовательно повысить производительность и качество конечной продукции.

На основании результатов эксперимента делаются выводы и даются рекомендации, необходимые для надежной эксплуатации оборудования. 
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