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Abstract. Earlier uncertainty investigation in vibration mtoring of rotating systems showed that uncertaiinty
stationary and periodic monitoring systems havéedint character. Uncertainty of stationary vibraiaring systems of
rotating systems have insignificant statistical poment, while this uncertainty component plays maite while
analyzing periodic vibration monitoring systems.

This investigation expands the uncertainty analysistationary vibromonitoring systems adding tiants mode.
Uncertainty analysis is performed for different ¢éirand distribution intervals in order to determimbeether statistical
component of uncertainty still remains insignificdne to measurements quantity.
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Introduction periods, when machine is not working. In this wafen
analysing the whole data set, the mean and standard

The reliability of measurements is usually evaldate _deV|at|on values, used in uncertainty evaluatioightbe

by measurement uncertainty. In its value the maie r incorrect if the equipment was rarely used, or deeg

usually is played by the components, determined b§?er$r?s in the “off"fmﬁ_de. . d th .
characteristics of electronic measurement deviced a e purpose of this paper is to extend the analyis

statistical sand, which depends on measurement. da atisti.cal uncertainty in vibration monitoring &yms, by
anging data structure of stationary system: takime

When the measurements are performed by monitorin ; L S

system, the data structure becomes more complicased  Whole data set, and working with it by eliminatidgta

includes various operating modes, for example, aijpey gathered when the unit was in off or transient rsode

and off mode, change of unit operating mode, origfin The data of two different type of mach|_nery was

significant disturbance, etc. For evaluation of eninty, analz_zed. slow speed machinery and high speed

this information is usually concentrated in onetistizal machinery. L .

component. The data structure complexity is a wediwvn . _AS_ In earlier Investigations the gonclusmn abang ¢
insignificance of statistical uncertainty componemas

problem and it can be analyzed using various mettodd : .
data fusion [1, 2]. As uncertainty is usually exa&d using made, one of the assumption was that the causgbmay
statistical methods, though there are other methocfge data structure of low-speed maCh'”eTy morl!g)rﬁ;o,
suggested, the methods, used in this paper, silbased n order to .evalpate the. change of |n.5|gn|f|.cande 0
machinery vibration monitoring uncertainty in both,

on statistics theory. In earlier works [3, 4] wevéa distinauishi | d hi d hiah d
analyzed the uncertainty in rotating machinery afion Istinguishing - slow-speed machinery an 'gh-spee
machinery, additional analysis was made.

monitoring, paying attention to measurement dathegad
using different techniques: stationary monitoringda
periodic monitoring. The investigation showed thhé M ethodology
characteristics of the measurement data are ignily

different, and those techniques wusually can by The data of the slow-speed rotating machinery
characterised by different environment, operatioodes (120 rpm), analyzed in this paper, was gatheretl years
during the measurement, periodicity of measuremems  period, measuring vibration speed of the hydro egates.

this reveals the reliability of the measurementelfts 12 transducers were used, but only 7 data sets were

through the value of uncertainty. analyzed. The same data was used in earlier igatisths
. [3, 4] but the problem analyzed there was to comapar
Problem for mulation stationary and periodic monitoring data structune ¢he

) o o difference of their uncertainty values.
Stationary vibration monitoring systems works i t The data of the high-speed machine (6000-7000 rpm),
perlOd after Installlng them on the monitored maehiill ana|yzed in this paper was ga‘[hered in One-yea'o(per

its end of exploitation. In contrast to periodicmitoring,  measuring vibration speed of the large pumps. &te df
the data of machine parameters is collected evengithe 2 transducers were analyzed.
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In low-speed machine case, “significant” data washange of the specified statistical parameter @ger
excluded i.e., the data of the operating mode ti#dl data standard deviation, standard uncertainty comporemt
sets of the transducers measurement were analysddta set volume). It shows that the number of dtiesiin

separately. For data exclusion, the threshold sad.u the sets reduce significantly, and according to (he

In case of the high-speed machine, three variakdge  formula, the statistical uncertainty component $thaiso
analyzed. Three steps for data modification: decrease. And despite the decrease of standardtideyi

1 step — initial data set analyzed, the behaviour of the statistical uncertainty conmgnis

2 step — eliminating “off” mode, i.e. zero values; ambiguous (in some cases it decreases, in someitcase

3 step — eliminating “run-up” mode values, i.e.uesl increases). Though, comparing to the values ofstitzl
similar to zero, and significantly (by half) diffamt than uncertainty, provided in [3], it still remains igsificant.
stationary process (working mode) data. The contribution of the measurement device unadstai

The threshold used for data selection was 0.5. Thisomponent to the overall uncertainty still rematims most
number was approximately chosen, regarding to #hgeg  significant.
in all analyzed data sets. The analysed and comipare
parameters are:

200%

N - the initial data set volume; in this case i1is}86; 150%
X - the mean of initial set; mm/s; 1227
o - standard deviation of the initial set, mm/s; 0% 1 v,
-50% - u
Uy, - statistical uncertainty sand, mm/s; is calculate | -io0%
according to the formula: o |
o -250%
— -300%
ustat - \/N (1) -350%
Results Fig. 1. Graphic representation of changes in parametestoaf

speed machinery monitoring data (average, stardianation,
The data sets of different transducers in slow-gpee standard uncertainty, data set volume) after rengpthe values

rotating machinery monitoring are denote¢fi , i =17 below the threshold
To make analysis, the above mentioned parameters ar
calculated for all the sets then the change ofrthei The Fig. 2 and the Fig. 3 provides the visual pitof

distribution is analyzed. the changes in data distribution of the slow-speed

The statistical parameters of the slow-speed maeyin  machinery vibration monitoring. When comparing Fy.
monitoring system are presented in the table 1. and Fig 3, it is obvious, that the character ofsthawo
distributions is slightly different. The modificati is just

Table 1. Statistical parameters of the slow-speed machinery removing the left bards in the histogram and theamne
vibromonitoring data value moves to the right, the standard deviatidichvhas

Var. Parameter s influence to statistical uncertainty component aisd
% o | ug N 3 & a,, characterized by the form of distribution also ales)

VSl 058 055 10005 6126 | 105 | 055 1 0.007 though this change is not significant.

VS2 0.16 | 0.1 0.0009|] 4820 0.28 0.07 0.001

VS3 0.45 | 0.47 0.004 5256 1.029 0.2 0.003 )
Variable: Var2, Distribution: Normal

VS5 0.46 | 0.48 0.004 53320 1.09y 0.1 0.0

3
P
VA4 0.89 | 0.89 0.0074 6095 1.85 0.51 0.0067 Chi-Square test = 19341,68387, df = 29 (adjusted) , p = 0,00000
3]
4
f

2
VS6 0.4 0.45| 0.0037] 5313 0.93 0.3 0.005
VS7 0.63 | 0.66| 0.0055 6069 1.32 0.5 0.007

2500 [ 7

Here

N - the new size of modified data set (without value
below threshold);

X - average of the modified data set, mm/s;

¢ - standard deviation of the modified data set, mm/s; 500
d,, - statistical uncertainty component of the modified

data set mm/s.

1500

No. of observations

1000

The Fig. 1 is graphic representation of the reativ Category (upper imis)
changes of the parameters. Each bar represents therig. 2. Statistical distribution of initial slow-speed maméry
different data set, the group of the bars represhat monitoring data
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The similar analysis was made with the data of highthe change of the specified statistical parameteerage,
speed rotating machinery vibration monitoring. standard deviation, standard uncertainty compoaermt
The data sets of different transducers in high-dpeedata set volume). It shows that the quantitiesalfies in

rotating machinery monitoring avélj , j = 13. the sets reduce most insignificantly, and the most

To make analysis, the statistical parameters ar%lgmﬂcant change is the relative change of thereiese of

calculated for all the sets then the changes ofr thestandard deviation and statistical uncertainty comet.

distribution are analyzed.

10%

Variable: Varl, Distribution: Normal .
Chi-Square test = 5789,99471, df = 33 (adjusted) , p = 0,00000 0%
900 Average

-10% —

@12
-20% m2-3
01-3

-30% —

-40%

No. of observations

-50%

Fig. 4. Graphic representation of changes in parametestoof
speed machinery monitoring data (average, stardianation,
standard uncertainty, data set volume) after rengpthe zero (2

set) and transient mode (3 set) values

Category (upper limits)

Fig. 3. Statistical distribution of changed slow-speed naaty Vareie V. Ditiation: Nomma

monitoring data Chi-Sauare test = 1160,24913, df = 41 (adiusted) , p = 0,00000
160

140

The statistical parameters of the high-speed machin
monitoring system are presented in the table 2.

Table 2. Statistical parameters of the slow-speed machinery
vibromonitoring data

No. of observations

N X o Ug

VH1 1024 8.059 2.32 0.073
VH 2 1024 7.6 2.8 0.087

VH3 1029 7.54 2.85 0.089

VH1 999 8.26 1.96 0.062

~ Category (upper limits)
VH2 992 7.84 2.48 0.079 Fig. 5. Statistical distribution of initial high-speed mamry
VH3 990 7.84 2.47 0.078 monitoring data

\;H 1 965 854 13 0042 Variable: Vars, Distribution: Normal

= Chi-Square test = 706,90582, df = 35 (adjusted) , p = 0,00000
VH 2 964 8.06 2.15 0.069 160

VH3 961 8.06 2.13 0.069 e

120

Here theVH1 ,\7H 2, VH 3 are data sets without zero

values (2 set);\7H1, VH?2 , VH 3 denotes data sets
without zero and transient mode values (3 set).

The Fig. 4 is graphic representation of the reativ
changes of the parameters in high-speed rotatin
machinery vibration monitoring data. Each bar repngs
the different comparison data set, i.e. the firgr b
represents the comparison of 1 set with 2 setséivend

No. of observations

bar represents the comparison of 2 set with 3 isgétthe Category (upper limits)
third bar represent the comparison of 1 set witle3(then  Fig, 6. Statistical distribution of changed high-speed rivasty
the change is the biggest). The group of the bepsesent monitoring data (without zero values)
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Variable: Varl0, Distribution: Normal
Chi-Square test = 314,54596, df = 23 (adjusted) , p = 0,00000

160

140

No. of observations

Category (upper limits)

Fig. 7. Statistical distribution of changed slow-speed naety
monitoring data (without zero values and transieatle values)

The Fig. 5, Fig. 6 and Fig. 7 provides theual
picture of the changes in data distribution of tiigth-speed
machinery vibration monitoring. When comparing F&.
and Fig 7, it is obvious, that the character ofsthawo
distribution is almost indifferent. But when comipay the
change presented in Fig 7, it is obvious, thatcim@racter
of the distribution has changed significantly -thg mean,
which is represented at the position of the higkeakie of
distribution, and the standard deviation represtbtethe
form of the distribution changes significantly.

Conclusions
1. The overall uncertainty value used in the bdi&gnosis

rule, should reflect the stationary regime, as dstb
corresponds to the mean value used in decisionngaki

592

2. Measurement uncertainty of low speed stationary
rotating machinery vibration monitoring systems elegs

on the data structure, modified by extracting datated to
various operating modes. But independently of Hhighl
reduced measurement quantity it still remains imicant

at the aspect of overall measurement uncertainty.

3. Measurement uncertainty of high speed stationary
rotating machinery vibration monitoring system diishes
when modifying data by extracting data, related'daf"

and run-up mode.

4. The analysis of statistical uncertainty compadrsows
that as it doesn‘t have significant influence oa #alue of
overall uncertainty component. Thus, it can be tated
that the change calculated uncertainty reflectbabdy, the
changes in electronic measurement devices measareme
capabilities.
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