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Directional ARMAX Model-Based Approach for Rotordynamics Identification,
Part 2: Performance Evaluations and Applications
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ABSTRACT

In the first paper of this research“). a new time series method, directional ARMAX
(dARMAX) model-based approach, was proposed for rotordynamics identification. The
dARMAX processes complex-valued signals, utilizing the complex modal testing theory
which enables the separation of the backward and forward modes in the two-sided
frequency domain and makes effective modal parameter identification possible, to account
for the dynamic characteristics inherent in rotating machinery. In this second part, an
evaluation of its performance characteristics based on both simulated and experimental
data is presented. Numerical simulations are carried out to show that the method, a
complex time series method, successfully implements the complex modal testihg in the
time domain. and it is superior in nature to the conventional ARMAX and the
frequency-domain methods in the estimation of the modal parameters for isotropic and
weakly anisotropic rotor systems. Experiments are carried out to demonstrate . the
applicability and the effectiveness of the dARMAX model-based approach, following the
proposed fitting strategy, for the rotordynamics identification.
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Table 1 Estimated modal parameters of the isotropic rotor :

8=0, ¢=01, 2,=02. T=1

Mode True dARMAX ARMAX
parameters [ N/S =0 % |[N/S=5 %|N/S=10 % N/S =5 %

Natural freq. 1B { -0.9037/0.3133 | -0.9037/0.3133 -0.9037/0.3120 | -0.9049/0.3108 | -0.9055/0.4625| -0.9049/0.3097} -0.9043/0.3151
/Log. dec. 1F| 1.1038/0.3133| 1.1038/0.3133] 11032/0.3146| 1.1038/0.3177| 1.1060/0.6258 | 1.1025/0.3194| 1.1038/0.3134
Residues of 1B [ 0.0025+0.4981 | 0.0025+0.4981 | 0.0024+10.4953 | -0.0018+0.4956 | 0.0792+10.5453 | -0.0025+10.4932} 0.0003+10.4296

ng(jw) 1F 1-0.0025-)0.4981 | -0.0025-j0.4981 [ -0.0024-10.4953 | -0.0073-j0.5007 {-0.1678-j0.4829 | 0.0005-)0.5003 | -0.0063-)0.5003

Model order ( p, g, 7) (2,1,0) (2,1,2) (4,3.4) (4,34) (6,5,6) (109,10

ARMAX(20,19,20)&, SBC= ARMAX(12,11,12) gx v HAAE BIE & F£ U I
& AA A= AAUG &4 F= (IF E& dARMAX( p,q,s) (ARMAX( p,q,5)) &=
1IF)E 2925 ARMAX(6,51)7AE A9 &3 dARX( p+s, g+s) (ARX(p+s, g+s) EHL
q2: o] Hx gy Rdx}4E ARMAX ME Bzs FFAE B
(109,10)7k2 <871 A7ANE & 2xE Zud S AAAY EgAFAME, Ats wRol
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Table 2 Estimated modal parameters of the isotropic (weakly gyroscopic) rotor :
8=0, ¢=01, 2,=005 T=1, N/S=5%

M True dARMAX ARMAX
ode
parameters (2,1.2) (4,3.4)% (6,5.6) (10.9.10)
Nztural freq.| 1B -0.9739/0.3146 | -09739/03161 | -0.9945/0.3355 | -0.9761/0.4775 | -0.9751/0.3195
/Log. dec. 1F 1.0241/0.3146 1.0235/0.3145 | 0.9945/0.3355 | 1.0087/0.3622 1.0235/0.3140
Residues of 1B 0.0006+j0.5005 | 0.00164j0.5000 | 0.0334+i0.5196 | 0.3280+j0.4031 | -0.0005+j0.5176
Hy(jw) 1F -0.0006-j0.5005 | -0.0016-j0.5000 | 0.0379-j0.4955 | 0.0268-j0.7240 | -0.0049-j0.5180

3

: Two modes were not separately identified.

Table 3 Estimated modal parameters of the anisotropic rotor : =01, ¢=003, 2,=02 T=1/0.7
Modes True dARMAX(12,11,12) ARMAX(12,11,12)
parameters N/S =5 % N/S = 10 % N/S =5 %
o IF -1.1158/0.0917 -1.1158/0.0919 -1.1158/0.0924 -1.1158/0.0922
Naural freq. 1B -0.8921/0.0961 -0.8915/0.0960 -0.8915/0.0962 -0.8915/0.0960
/Log. dec. 1B 0.8921/0.0961 0.8915/0.0960 0.8915/0.0962 0.8915/0.0960
1F 1.1158/0.0917 1.1158/0.0919 1.1158/0.0924 1.1158/0.0922
1F -0.0005+j0.0213 -0.0020+j0.0202 -0.0019+j0.0174 -0.0013+j0.0194
Residues of 1B 0.0013+j0.4781 0.0020+0.4779 0.0038+j0.4793 0.0027+]0.4787
H,(jo) 1B -0.0008-j0.0326 -0.0007-j0.0303 -0.0014-10.0272 -0.0012-j0.0303
IF 0.0000-j0.4668 0.0029-10.4677 0.0029-j0.4710 0.0010-j0.4685
1F -0.0013+j0.0998 ~0.0017+30.0991 -0.0012+0.1013 ~0.0010+0.1003
Residues of 1B 0.0013-j0.1249 0.0021-j0.1258 0.0036-j0.1269 0.0023-j0.1259
H.,(jo) 1B 0.0013+0.1249 0.0035+0.1241 0.0069+0.1221 0.0042+0.1233
1F -0.0013-j0.0998 -0.0014-j0.0975 -0.0027-10.0963 -0.0019-j0.0983
1F 0.064 0063 0.060
ACF 1B 0.044 0.043 0.044 N/A
System 0.053 0.054 0.053
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Table 4 Estimated natural frequencies/logarithmic decrements of the weakly anisotropic rotor :
§=0.025. ¢=01, Q,=005 T=1/07 N/S=10%

Model dARMAX ARMAX
orders( p, g, 7) 1B 1B 1F

(4,3,4) Unidentified Unidentified Unidentified Unidentified
(8,7,8) -0.9702/0.3787 1.0238/0.4196 -0.9748/0.3649 1.0300/0.4248

(12,11,12) -0.9707/0.3282 1.0278/0.3303 -0.9712/0.3362 1.0270/0.3430

(16,15.16) -0.9701/0.3189 1.0266/0.3243 -0.9721/0.3042 1.0259/0.3239
(2,1.2)* -0.9727/0.3168 1.0235/0.3150

True values -0.9708/0.3164 1.0267/0.3127 -0.9708/0.3164 1.0267/0.3127

* . Estimated with Isotropic dARMAX(2,1,2) Model
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Table 5 Estimated logarithmic decrements ( 6‘13 / 6{ ) of the overhung rotor

(a)

o ¥

A

H Isotropic dARMAZX(6,5,6) Frequency domain method
Exp. #1 Exp. #2 Means Exp. #1 Exp. #2 Means
0 0.093/0.093 0.095/0.093 0.094/0.093 0.100/0.098 | 0.096/0.095 0.098/0.097
0.006 | 0.090/0.083 0.091/0.080 0.091/0.082 0.098/0.089 | 0.097/0.091 0.098/0.090
0.007 | 0.092/0.083 0.093/0.077 0.093/0.080 0.101/0.090 | 0.100/0.092 0.101/0.091
{b)
q Anisotropic dARMAZX(8,7.8) Conventional ARMAX(8.7,8)
Exp. #1 Exp. #2 Means Exp. #1 Exp. #2 Means
0 0.093/0.093 0.096/0.096 0.095/0.095 0.093/0.093 0.099/0.099 0.096/0.096
0.006 | 0.084/0.084 0.082/0.082 0.083/0.083 0.085/0.085 0.086/0.086 0.086/0.086
0.007 | 0.086/0.086 0.084/0.084 0.085/0.085 0.088/0.088 0.087/0.087 0.088/0.088
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Snaft diameter = 15mm

Denaity = 7762 kg/m3
Ysung's modulus = 2xi0 N/m?

mags | polar moment | diametral moment
_ (kg) (kg- m?) {kg -m*)
Disk#1 4 0.0215 o.01
Disk#2 4.2 0.0134 0.007

Fig. § Specifications of tested flexible rotor-bearing
system
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Fig. 1) Experimental set-up for flexible rotor-bearing
system
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Table 6 Estimated natural frequencies(Hz) / logarithmic decrements of the flexible anisotropic
rotor-bearing system

Modes Anisotropic Conventional Isotropic
dARMAX(40,39.40) | ARMAX(40,39.40) | dARMAX(40.39.40)
2B -61.53/0.032 (0.125) -61.54/0.030 -61.55/0.029
Natural freq. 1B -2751/0.054 (0.089) -27.48/0.062 -27.48/0.074
/Log. dec. 1F 29.00/0.041 (0.150) 29.04/0.049 29.07/0.044
(ACF) 2F 64.39/0.033 (0.130) 64.40/0.032 64.39/0.033
System (0.127)
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