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Abstract: The paper presents the basic of the new methoot@f machine blades during their operation. Thehoebtutiliz-
es such diagnostic models as a quotient of diagnsignal y(t) amplification being a result of béadperation and x(t) signal
of its environment as the blade tip approachessémsor as well as amplification of these signalthasblade tip recedes
from the sensor and phase shift difference of theigeals as the blade tip approaches and recedes tiie sensor.
The adopted diagnostic models indirectly take theent blade environment x(t) into account withrmexessity of measuring
(Kotowski and Lindstedt, 2007; Lindstedt and Kot&iy2004). Therefore the model is sensitive to bléethnical condition
changes remaining only slightly sensitive to envinent changes. Suggested method may prove veryriampon diagnos-
tics of rotor blades during operation of rotor niaels (turbines, compressors etc.).

1. INTRODUCTION

Rotor machine is complex technical object (comthine
of multiple parts such as blades, bearings, shielgsrat-
ing in complex environment (affected by variableess,
pressure, temperature, vibration etc.). The trougpet
of machine are, except bearings, blades. Thes¢eahmi-
cally simple, however hard in matter of use andntegi-
ance mainly due to high risk of aptitude assessniexyje-
rience shows that fall of one blade of several dazehun-
dreds almost always leads to serious breakdownhef t
whole (often very expensive) rotor machine (axipres-
sor, turbine). This causes huge interests in matlodbadou-
tine diagnostics (monitoring) of blades technicahdition
during its operation.

Nowadays multiple methods of working rotor blades
technical condition are in use. Diagnostic reseanctinese
methods are based on 'non-contact’ measuremeratiugsy
of tip of the blade current moves when in area Wwealedi-
cated sensor. Many non-contact measuring systems ha
been designed and introduced. These are commonlyrkn
and used measuring system produced by: Hood, Aqilis
Pratt&Whithey (USA), Rolls Royce (UK), Turbocharges
(Switzerland), MTU (Germany) as well as other Rassi
Chinese and Indian manufacturers (Bovishanskii, 0200
Duan et al., 2005; Von Flotow and Mercadal, 200@yhH
Cycle Fatigue S & program 1997, 1998, 1999, 200012
2002; Klein, 2004; Roberts, 2007; Ziedki and Ziller,
2005).

Polish measuring systems are also used, partigularl
those designed and introduced by Air Force Ingtitut
of Technology (AFIT) in Warsaw. Amongst the non-
contact measurement of blade translocation systearsi-
factured by AFIT the following are to be mentioned
(Lindstedt et al., 2009; Szczepanik and Przysovi®42
Szczepanik, 1999):

- blade fracture indicator: SPL — 29;
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- blade excessive vibration indicator: SNDL — 2b;
— microwave sensors: MUH, PIT;

These systems are successfully implemented in fgpeci
operating technical objects (SO-3 engines).

Diagnostic inference used in hitherto methods aset
on elaboration of signals obtained during diagmoatialy-
sis coming as a result of blade activity withouffisient
(according to authors) consideration being giventhe
signals of its variable environment.

Measurement of blade environment signals during-ope
ation of rotor machine are often hard or imposstblgro-
ceed thus are not sufficiently considered in blatiagnos-
tics. Therefore statement can be made that hitmeettods
of rotor blades technical condition in-work assessm
do not realize the basic rule of technical diagieestom-
pelling research and analysis of object technicaldiion
in environment (PN-90/N-04002) thus being not aatair
and reliable enough.

Hence the need emerged to elaborate the new method
of in-work diagnostics of blade technical conditidmat
would take the environment into consideration ahgdoss-
ible, would not require the use of unavailable @rch
to measure signals. This problem is solved by bkatay-
sis method that base on special diagnostic modtalialg
to eliminate its practical environment with specifine-
thods.

2. BLADE ACTIVITY IN UNMEASURABLE
ENVIRONMENT

Blade, its construction and activity while in \alyle
environment (Lindstedt et al., 2009; Skubacziewskyj74)
are presented in Fig. 1.

During blade operation its technical condition aes
until occurrence of various damage (deformatiorac-r
tures). Causes and places of possible occurrercshamwn
in Fig.2 (Skubacziewskij, 1974).
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Fig. 1. Rotor machine blade in variable environment<{Feentrifugal force; F— lock grip force; n — rotational speed;-Pblade aerodyna-

mic lift; Py — resisting force; M- torque M — bending moment, ;- gas pressure on blade rim inpyt—mas pressure on blade rim
output; Yy — blade deflection; y— blade torsion angle;,Y— blade lengthwise translocation; ¥ various vibration signal (bending,
lengthwise, torsional); ¥ — thermal deformation; f — vibration signal, ¥ casing vibration signal; ¢ — thermal decomposisignal)

— thermal stresses ¢ caused by uneven thermal distnib
ll /1 ‘I & 93 Bj (Fig.2. - combined deformation, e.g. I-6) = Y
Comprehensive, blade working status in environment
|l ! ] [m B may be described with a signal of tip of the bladesloca-
2 4 6 tion y(t) which is a resultant of ¥ Yg, Y, Y1, Yo, (Fig. 1.
I and Fig. 2.):
y(t)= (Y, Yo Yo Yo Y,) (1)

and signal of environment x(t) which is a resultahtn, R,
P,, Py, Py, P, f, fon, € (Fig. 1. and Fig. 2.):

x(t)=f(n, K, R, R, P, P, ff ) 2)

Technical condition of bladet®) according to diag-

Fig. 2. Forms of vibration and lines indicating traces ddration . . S
nostic rules, results from relation between agti\stgnal

nodes (Chart I: 1,2,3 — first, second and thirdnfaf bend- ! ) . L
ing vibration; 4 — first kind torsional vibratio®; — second y(t) and environment signal x(f) in the currépteginning

kind torsional vibration; 6 — combined bending-torsl moment of diagnostic, (while 6 is the time of the tech-

vibration. Chart II: photograph of nodes tracessétond nical condition changes - evolution)
form of bending vibration. Chart Ill: photograph médes Therefore, the following may be noted:

traces in third form of bending vibration)
S (6)=1(¥(1), X(t),, ¥(1)y, x(1),, 6.9 ®)

. . ) " Exploitation experience proved the existence of déa
Fig. 1. and Fig. 2. show that blade is a technitzéct ficulties in measuring signals for y(t), especiatly), thus

with complex activity that need to be describechwitulti- in blade technical condition in-work assessmentwat
dimensional blade deformation state. These defoomst (Kotowski and Lindstedt, 2007; Lindstedt and Kot&iys
originate from environment and are caused by mnialtip 2004; Lindstedt et al., 2009).

reasons such as:

centrifugal force stressesy Flepending on rotational
speed that cause lengthwise and bending defornsation 3. THEORETICAL BASES OF BLADE
(Fig.1.) — Y, Yq DIAGNOSTICS METHOD

gas stresses,Rnd R caused by air stream depending DURING OPERATION OF ROTOR MACHINE
on speed and altitude (Fig.1.) s (fh case of rotor ma-

chine being an engine turbine or compressor) The matter of blade diagnostics during rotor maghin
stresses caused by curvilinear flight trajectorg.(E) — operation is very complex, because only one mehfira
Yo Vs i . i ~and yet interfered signal y(t) and actually immeable
dyna_mlc stresses accompanying mechanical vibration (except for n signal and withoutn) environment signal
(particularly in resonant range) caused by pressiie x(t) are available. Exemplary course of y(t) sigisapre-
pulsation, rotation fluctuation etc. (Fig.2.) +'Y sented in Fig.3 (Szczepanik and Przysowa, 2004zefzc

blade and casing vibration f,f{Fig.1.) and thus ¥ Y
57
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nik, 1999). Course of signal x(t), being a resultainmul-
tiple signals is shown in Fig.4. ( Dotgolienko, %98
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Fig. 3. Signal y(t) course for various blades depending
on rotational speed
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Fig. 4. Change of temperature and pressure of air streaoutbet
in specific flight conditions 1 — in lower part dfjht en-
gine intake, 2 — on side of right engine intake, i lower
part of left engine intake, 4 — on upper part d&f éngine
intake, 5 — on side of left engine intake, 6 — gf@anf ro-
tational speed of right engine rotor, 7 — changetstion-
al speed of left engine rotor

Tentatively signals x(t) and y(t) are assumed tdeme-
poral, stochastic and interfered courses. In thgcswitch-
ing from space domain ,t” of signals x(t) and w@)space
domain ;1" of correlation function R(t),R,(t) and Ry(t)
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proves reasonable ( Bendat and Piersol, 1976; w&htio

and Lindstedt, 2007; Lindstedt and Kotowski, 2004;

Lindstedt et al., 2009; Niedeiiki, 1985; Szabatin, 2000).
The effects of such approach are:

— noise suppression for signals and possibility oplfyr

ing them
- possibility of simple expressing signalsq®), R,(t)

and Ry(t) as analytic functions, what allows further

processing to new functions of specific properties
in frequency domaincf), which are functions of density
of singular power of signals,&») and §,(w) and re-
ciprocal §(»).

Expressing functions x(t) and y(t) ag(®), S,(») and
S(0) allows taking relations between diagnostic signal
y(t) and environment signals x(t) into considenaticery
simply (Fig.3., 4.), as this may be noted:

STOl T01

Ry= fron = Arg 2 @
01~ STOl TO1 — g STOl
Sle T12

AI?12 = S¥y12 ¢T12 = Arg STylz ()

where: Kro1, 0%r01 — amplification and phase shift of sig-
nals x and y while the blade approaches the sensor
and A+, o112 — amplification and phase shift of signals x
and y while the blade recedes from the sensor.

Furthermore assumption can be made that time ofbig
T, 0bservation comes shortly (ms) after observatiom@f
signals.

In such case the following may by assumed:

T12 T01

Sxx - Sxx (6)

Then, on the basis on 4, 5, 6 equations new, abstra
and physically interpretable quantity in form ofjaotient
of amplifications Arorand A+, can be achieved as well as
phase shift®ro; andd1o:

S;I,'ylz
A? ﬁ T12_ T 01 S;,rjz
=2 =2 Ok Py

2
Arlz,T 017~ a2 TOL ~ TqTo1 (7)
AI'Ol Syy %’y
TO1
X
T12
Sy
ST12 A.Ze‘mrlz
Prioro1= Pria= Pr o= ArO—7or = Arg A€ e =
y 1
TO1 (8)

X
T12

) S

— - T12 01

= ArgAT12T01e i(#r12=Fr o)) 0 f’ﬂ EFI . Arg%
Yy

Equation Ari,70: (7) binds diagnostic signals y(t)
to environment signals x(t) and so is a diagnostadel.
The distinctive feature of this model is being deii@ed
only by measurable signal y(t) in closely followingser-
vation periods §; and T, and (what is more important),
taking environment into account with no necessityneas-



ure it as well as the noise of signal y(t) was isightly
suppressed. (Kotowski and Lindstedt, 2007; Lindsted
and Kotowski, 2004; Lindstedt et al., 2009)

Equationer12 o1 (8) binds diagnostic signals y(t) to en-
vironment signals x(t) as well and so it is thetndiagnos-
tic model. As in case of %12;01 this model is also being
determined without necessity of practical measureme
of environment signal x(t). To determine signal?zxg

mv x 10°*
3.2

acta mechanica et automatica, vol.4 no.4 (2010)

s™,, distribution in form of functiord (t, t) is to be used.
The quotient of function of signal y power densépd

distribution & (t, f) sufficiently representing environment
signals x is assumed to eliminate real environroéntodel
oT12702 (Bendat and Piersol, 1976; Lindstedt et al., 2009
Niederlinski, 1985; Szabatin, 2000)

i i us

400 450

500 550 600

Fig. 5. Inferential sensor signals {TT, — respectively long and short observation periédip of a blade staying in sensor area,
To, T1, T, — particular moments of observation of blade oty the sensor, o, T1, — observation subperiods of blade tip for T
and T, respectively, mV — signal of tip of the blade sftation, uS — blade translocation time)

4. METHOD OF CURRENT ASSESSMENT
OF BLADE TECHNICAL CONDITION
BASING ON OBSERVATION OF PARAMETERS
OF MODEL A %1510

Method of current assessment of rotor machine blade

technical condition changes basing on observatiopae
rameters of model %12;01 requires specific diagnostic
research.

Afterwards estimates of autocorrelation function’k,
and R™2,, are determined for y(t) translocation in obser-
vation periods §; and T, and proper analytic expressions
are matched to them. (Bendat and Piersol, 1976pWski
and Lindstedt, 2007; Kurowski, 1994; Lindstedt and
Kotowski, 2004; Lindstedt et al., 2009; Nied#ski, 1985).

Registered signal courses were multiplied by Hamnin
window and, afterwards, its autocorrelation wasuaaled.
The obtained autocorrelation graphs were approxcat
with degree 5 polynomial in form of;

R,(r)=ar’+ar‘+ar’+ gr’+ ar+ a (9)

For approximation of R> 0,997 described by determi-
nation coefficient the following autocorrelationnfttion
forms were obtained:

— for blade no. 1.

R, =1557xX - 207300 + 9409008 -
163710x° + 464010x+ 9485 £0

(10)

R},” = 2345x - 285600 + 1182 10¢ -
’ (11)
187610’ + 50381 10x+ 8727 £0

— for blade no. 2.

R}, =1308x’ - 18210&' + 8594000 -

(12)
15510 x* + 4468110x+ 97507 0
R),” =2043x’ - 25680%' + 1097 10¢ -

(13)

179816 x* + 4908110x+ 9039 £0

— for blade no. 3.

R}, =1448x - 200506 + 91B] 10¢' -
y (14)

160716 x* + 456110s+ 9428 fo

R],” =2548x’ - 302300 + 128 10¢ -

19316 x* + 518116x+ 8778 f0

Basing on analytic forms of self correlation funcis
R, and R%,, the respective power spectral density
functions %, () and S'3,(0) are determined using
the Fourier transformation.:

F{R,} :j“’ R,(De™ o
S, (@) = F(R(1))

(15)

(16)

7)
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S, (@) = K(R(7))

The Fourier transform of polynomial (9) after mayin
from “jo " space to variable “s

120 24

2
F{R,y} = al—+ 32§+ %— q—§+

After the substitution of parameters from equations

(18)

" space is as follows:

a- (19)

(10 — 15) to equation (19) the following is obtalne

— for blade no. 1.

S, ( jw) = (9485110 s° + 4641110s"'~

SI™( jw) = (903910 s° + 49081 10s' -

(23)
3596[10s® + 6582110s° - 6163208 245168)
— for blade no. 3.
S, (je) = (942810 s" + 456110s"- 24)
32140106s* + 5508110s°— 4812008 17808F)
S™?(jw) = (87750 s’ + 518116s'—
yy (J0) = ( (25)

3862[10s* + 7381105’ - 7255208 305768)

§s’ o o (20) Ultimately new abstract diagnostic model (square
3274L10s” + 56454 105"~ 4975208 186849 of module) might be determined, the parameters lithv
resent the data on technical conditions of diagddsade:
S ( jo) = (8727010 + 5038 108’ - P agd
5 . (21) S, | 1+Ls+Lg+
375210’ + 70921105’ — 6854408 281408) A =Y -k (26)
12,T01 TO01
S, 1+ M s+ M, S +...
— for blade no. 2.
oL, . s . . After the substitution of parameters from equations
S, (jw) = (9757010 s’ + 4468]10s'~ 31 105+ 22) (20 — 25) to equation (26) the following is obtaine
5156410s” — 4370408+ 156966
- for blade no. 1.
A 6 31012.798° + 1788.57 - 1333.83 252.025  24.368 27)
T 50765.368° + 2483.948- 1752.38F 30281  26. eez?
- for blade no. 2.
A _ 2,3686.79@5 + 2001.958 - 1466.79%+ 268.498  25.189 (28)
T 52162.334° + 2846588 1975085 32887  27. &43
- for blade no. 3.
N ,28698 978°+ 1694.139- 1263.082 241.356  23. se% 29)
T '52042.498° + 2560.647 - 1804.8§%# 309.299 2792
Tab. 1. The parameters of blades for the amplitude arncplifbon
The parameters of blades for the amplitude amplificdon
Ms M4 M, M, M, k
S1T01 50765.361 2483.943 -1752.301 302.15] -26.628 1.5906
m S2T01 62162.334 2846.585 -1975.025 328.517 -27.844 1.962
% S3T01 52942.498 2560.647 -1804.807 309.299 -27.07 1.707
2 S 55290.064 2630.392 -1844.044 313.322 -27.164 1.595
g L5 L4 L3 L2 Ll k
14 S1T12 31012.793 1788.577 -1333.33 252.025 -24.358 1.506
S2T12 36869.799 2001.958 -1466.797 268.478 -25.130 1.962
S3T12 28698.979 1694.139 -1263.082 241.366 -23.728 1.717
S 32193.857 1828.225 -1354.403 253.956 -24.408 1.595
Process of rotor machine blade technical condition - in exploitation timed, (another blade monitoring) func-
is as follows: tion Azm,m parameters: {g, L3, L1, .... and Mo, My,

— in exploitation timed, (monitoring beginning) function
A%r15 101 parameters: ds, Lop, Log .

are determined
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.and M1, Moz, Mgs...

M, ... are determined

The technological differences between the bladghktbi
also be determined. In such case the average vaeddesc-
tion A%rio7or ¢ Lag Log Lag ...as well as My, My, Mag



parameters are determined and the diagnosed bisdes

meters are compared to them. (tab.1 and tab.2)

- the difference between technical condition of conse
tive blades is determined basing on relative patarse
changes:

Lil ~ Lsr
L

Sr

AL = ;i=1,....,n (30)

acta mechanica et automatica, vol.4 no.4 (2010)

i Tei=1...m (31)

The change oﬂ:i and M, parameters as well as a sig-

nificant number of their configuration allows trdentifica-
tion of multiple various changes of the blade técaincon-
dition while the rotor machine is operating (thisceapplies
to assessing the accuracy of performance and latgial
the new blades).

Tab. 2. Relative differences the parameters of blades fmathplitude amplification
Relative differences the parameters of blades fohe amplitude amplification

AM AM, AM, AM, AM, Ak
? siT01 -0.082 -0.056 -0.050 -0.036 -0.020 -0.056
a Ss2701 0.124 0.082 0.071 0.048 0.025 -0.021
Z s3T01 -0.042 -0.027 -0.021 -0.013 -0.005 0.076
g ALs AL, AL, AL, AL, AK
'é S1T12 -0.037 -0.022 -0.016 -0.008 -0.002 -0.056
S2T12 0.145 0.095 0.083 0.057 0.030 -0.021
S3T12 -0.109 -0.073 -0.067 -0.050 -0.028 0.076

5. METHOD OF ASSESSMENT OF BLADE
CURRENT TECHNICAL CONDITION BASING
ON MODEL PARAMETERS OBSERVATION

PT12,TO1

Signal y(t) courses in observation timegs; Bnd T,
are presented in Fig. 5. Environment is assumeukte.g.
high power noise and may be correlated with sigigl
(Bendat and Piersol, 1976 )

As an effect of mathematical operations correlation
function estimators and analytic forms of corre@atfunc-
tion were obtained:

- for blade no. 1.

R, =3196x - 29490&' + 977B] 10¢ -
y (32)

13190 x* + 4442110x+ 250 10

R = 4502x - 36950% + 108] 10X -
y (33)

1249016 x* + 2760010x+ 2767 fo
— for blade no. 2.

R” = 2770x - 25840&' + 8621008 —
y (34)

115516 x” + 3525110x+ 2649 fo

R” =3578X - 31250&' + 9768] 10K -
’ (35)

12256 x* + 333410+ 2714 10

— for blade no. 3.

R =3077x - 28520%' + 95§]10x -
' (36)

12876 x* + 433%5]110x+ 2564 0

R,* =4517x - 37050 + 108l 10¢ -
y 37)

124816 x* + 27181+ 2794 10

Further, the following is determined:
- for blade no. 1.

S, (jew) = (257010 s° + 44421105 -

263801105’ + 5865110’ ~ 7077608 383528) 9
S,”(jw) = (2767010 s’ + 2761110s'~ (39)
24980110’ + 648110s’ -~ 8868 f&+ 5402465

for blade no. 2.
S, ( jo) = (264910 s’ + 3525]110s"- (40)
23100010’ + 517261105~ 6201668 332408
S,”( j) = (271410 s’ + 3334]110s'- 1)
24500110’ + 586141 1106’ - 78 TG+ 429366
- for blade no. 3.
S, (jw) = (256410 s’ + 4335110s" - 42)
2574[10s° + 57110s’ - 6844808 369248)
S, (jw) = (279410 s’ + 2718110s'- 43)
2496[10s° + 64921105’ - 8892008 54204§)
and in the end:

12

vy @

After the substitution of parameters from equations
(38 — 43) to equation (44) the following is obtaine
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— for blade no. 1.

p - Argl 408,5121.79&5+ 511.06§ - 462.387+ 119.947 16.445 45)
TizTol T6701.085° + 1158.218 - 687.380+ 152.985  18.464
— for blade no. 2.
p - Argl 292,<5321.03,c.~‘;,5+ 776.504 - 570.6E+ 136.545 17.@8) (46)
TizToL T7Y060.314° + 1060.468 - 694.945+ 155644 18.667
— for blade no. 3.
5154.60%° + 500.516 — 460.48>+ 119.730 16.485
Brroron = Argl.468¢ ) (47)

6943.993° + 1174.038 - 697.1G7+ 154.3y% 18.587

the difference between technical condition of cense
tive blades is determined basing on relative patarse

Blades technical condition is specified by moggb o1 -
parameters.

Rotor machine blade technical condition monitoring changes:
process is as follows:
— in exploitation timed, (monitoring beginning) function AB = B,-B i=1...n (48)
OT12,701 Parameters: &, Boy, Bos ...and A, Aoz Aoz ... ' B,
are determined
— in exploitation timed; (another blade monitoring) func- - A -A . _
tion @r12101 parameters: B, By, By, .... and Ao, Ay, AA = A 1=1,...m (49)

A, ... are determined

The technological differences between successive
blades might also be determined. In such casetbege
values of functiompriz to1: @ Awgr, Az Aszy ...aS Well as B,
B, ,, By parameters are determined and the diagnosed
blades parameters are compared to them (tab.3abnt) t

The change ofA and E, parameters as well as a sig-

nificant number of their configuration allows trdentifica-
tion of multiple various changes of the blade técaincon-
dition while the rotor machine is operating (thisceapplies
to investigate the new blades).

Tab. 3.The parameters of blades for the phase shift

The parameters of blades for the phase shift
As Ay As A, A k

S1T01 6701.085 1158.219 -687.39 152.925 -18.454 1.408
m S2T701 7969.314 1060.469 -694.946 155.614 -18.657 1.292
% S3T01 6943.993 1174.033 -697.107 154.371 -18.537 1.468
2 S 7204.797 1130.907 -693.148 154.303 -18.549 1.389
g Bs B4 Bs B, B, k
x S1T12 5121.798 511.068 -462.387 119.947 -16.415 1.408

S2T12 6321.036 776.504 -570.617 136.515 -17.468 1.292

S3T12 5154.601 500.516 -460.482 119.77 -16.405 1.468

S 5532.478 596.029 -497.829 125.411 -16.763 1.389
Tab. 4. Relative differences the parameters of bladestiasp shift
Relative differences the parameters of blades forhfase shift
AAg AA, AA3 AA, AA, Ak
m S1T01 -0.070 0.024 -0.008 -0.009 -0.005 0.013
<D( S2T01 0.106 -0.062 0.003 0.008 0.006 -0.070
5’ S3T01 -0.036 0.038 0.006 0.000 -0.001 0.057
x ABs AB, AB; AB, AB, Ak
5 S1T12 -0.074 -0.143 -0.071 -0.044 -0.021 0.013
o S2T12 0.143 0.303 0.146 0.089 0.042 -0.070
S3T12 -0.068 -0.160 -0.075 -0.045 -0.021 0.057
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6. CONCLUSIONS

Method of current assessment of blade technicadieon
tion changes basing on diagnostic modeI§T1A01
andor, 101 1S iINnovative method of blade diagnostics with-
out environment signal measurements.

Method of blade technical condition monitoring nizsy
based on diagnostic model in form of quotient apotiy(t)
signal amplifications to environment signal x(ty fobser-
vation time T, and T,. This method consists in fact that
time T (Fig. 5.) of blade tip movement in sensoeaais
divided onto two ranges: of blade tip approachimg $en-
sor Tp; and receding from it 1.

Both observation periods,Tand T, of y(t) are so close
in time to each other that the environment for ¢hebser-
vation periods may be considered identicd,$= S'*2,.

Method of technical condition monitoring is furthais-
tinguished by determining power spectral densif%ﬁ
S™2, of signal y(t) through analytic forms of autocdare
tion functions R™,,, R™3, and 8%, S™,, through recip-
rocal correlation function R, R™%, of signal y(t) and
distribution function representing environment x(Be-
quired match (greater than 0,99) is obtained thnqu@per
choice of observation range; &nd T, (Fig. 5.) and mea-
surement window function: rectangular, Hamming, Han
ning etc.

Another distinctive feature of models Zﬁmm
andorio 101 IS NO necessity of environment signals meas-
urement although these are indirectly taken intcoant
within special research (two observation periodsedni-
nation of diagnostic model as a quotient of modhétsling
diagnostic and environment signals to technicaldidam
parameters).

Method of blade technical condition monitoring may
be also based on diagnostic model in form of quobtie
of phase shifts of output signal y(t) to environmsignal
X(t) for observation time gt and Tp,. Observation time T
is divided onto two range®q12101 iS determined as a quo-
tient of reciprocal power density %, and $%, (to deter-
mine S%,, and $', noise of identical distribution of form

is used (t, t)).
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