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Foreword

This work uses the theory developed in the previous study, Advanced System
Identification Techniques for Wind Turbine Structures with Special Emphasis on Modal

Parameters, to analyze simulated data from an ADAMS® (Automated Dynamic Analysis
of Mechanical Systems) model of the MICON 65/13 wind turbine.  The
Observer/Kalman Filter identification approach delineated in the previous work is
expanded to use input-output time histories from ADAMS simulations or structural test
data. The purpose of the current work is to develop a methodology based on a state-space
model of the system for using experimental data to systematically adjust the analytical
model’s structural parameters. Wind turbine analysts have used computers to model
subsystems and entire wind turbine systems. A full system model of a wind turbine is
most effectively built-up from smaller subsystem models that have been validated against
structural test results. A common way researchers validate an analytical model is to
compare the predicted with measured natural frequencies, damping ratios, and mode
shapes. However, adjusting an analytical model’s structural parameters so that it
correctly predicts the wind turbine’s dynamic response can be time-consuming and
tedious work. The task of tuning an ADAMS model of a wind turbine can be further
complicated by naturally occurring dissimilarities between the experimental test setup
and assumptions made in developing an analytical model of the structure.

We use an ADAMS model of the MICON 65/13 wind turbine system with a set of SERI
thin-airfoil blades. The ADAMS model was developed in April 1993 by Marshall Buhl,
Senior Research Engineer for National Renewable Energy Laboratory’s Wind
Technology Division. A modal survey of this wind system was conducted in January of
1990 at SeaWest’s windpark in Palm Springs, California. Although time histories were
not measured during the modal test, frequency response functions were recorded. We
computed from the measured frequency response functions their corresponding impulse
response functions to obtain time histories of the response of the structure to an impulse.
This work provides an example of using a common basis with which to compare
experimental results with an analytical model’s predictions. The advanced system
identification technique uses experimental and analytical time histories to build two
separate state-space models of the structure; one model for each source of input-output
data. Once a state-space model of the structure is available, the identification technique
computes the system’s natural frequencies, damping ratios, and mode shapes. The
dynamist can then compare the analytical and experimental state-space models’
differences in calculated modal parameters to help determine how to adjust the ADAMS
model. :

‘Jgo&cwwm ﬂﬂjo&d

Richard M. Osgood, Technical Monitor
National Renewable Energy Laboratory
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1.0 Introduction

This research is a continuation of the previous study reported in [1]. The goal of the cur-
rent research is to develop advanced system identification techniques for validating ana-
lytical models with experimental modal test data. Section 2.0 focuses on the modified .
observer/Kalman filter identification technique.

In Section 2.1, we discuss how the excitation or input signal should be selected. It is as-
sumed that the input/output time series are available for both the simulated and real wind
turbine tower structures. The input signal is assumed to be frequency rich, possibly iden-
tical for both the simulated and real structure, and applied at the same properly chosen
driving point. It is proposed to use as the PRBS (Pseudo-Random Binary Sequence) sig-
nal with properly selected parameters. in order to excite the structure in the desired
bandwidth. '

Then, in Section 2.2, we present the problem of making a proper selection of measure-
ments to be obtained from a modal test. We illustrate this task by using sets of measure-
ments for different excitation points that were obtained from a few simulation runs. Our
conclusion is that for better accuracy. and verification of the results, several experi- .
ments/simulation runs should be performed using different driving points and/or meas-
urements. In this research, we used four sets of measurements for excitations applied at
different points of the ADAMS model of the Micon 65/13 turbine tower structure.

In Section 2.3, we introduce the Observer/Kalman Filter state space model obtained
through identification of its Markov parameters and subsequent application of the Eigen-
system Realization Algorithm, developed at NASA Langley Research Center [2-5]. The
identification is performed by the modified MATLAB program fiokuy.m, originally in-
troduced in the 1994 report [1].

 In Section 3.1, we offer a step-by-step outline on how the tools developed in this research,
can be used for validation of the ADAMS wind-turbine structure model with experimen-
tal modal test data.

In Section 3.2, we present general information on the tests performed using input/output
time-series obtained from the ADAMS model of the wind turbine Micon 65/13 and we
refer the interested reader to Appendix B for the identification results.

All MATLAB programs developed in this research are listed and described in  Appen-
dix A. An analysis of all the capabilities of the developed identification software tools,
as well as an example of their application, are presented in Appendix B. Our conclusion
is that the scope of applied research that this software could support is very broad.




2.0 Modified Observer/Kalman Filter Identification Technique

2.1 Selection of Input Signal

Both the simulation and the experiment provide sampled input/output data. The sampling
interval T has to be properly chosen. The Nyquist frequency

coN=7c? [rad/s] or fN=% [Hz] @

must be greater than the bandwidth of interest fn.« of the structure. If the structure band-
width considered is limited by the frequency f,,,,, then (according to the sampling theo-
rem) discrete-time representation of this process requires a sampling frequency of
fi>2f- The rule of thumb is to choose f; =(6to 25)f, ., with f, = 1/T as high as
possible. On the other hand, in order to correctly identify the steady-state gain of the
process, the duration of at least one of the pulses in the PRBS must be greater than the
rise time ¢, of the process.

The value of the input PRBS signal can change every T, seconds; ie, T, is the
switching period. A typical PRBS signal is shown in Fig.2.1. As shown in [7], the spec-
trum of the pseudo-random binary signal is an approximation for broad band noise, pro-
vided that its clock frequency is fast enough and its sequence length is large enough. The
PRBSs are generated by means of shift registers with feedback (implemented in hardware
or software). The maximum length L of a sequence is

L=2"-1 (2-2)
where N is the number of stages of the shift register.

Because the maximum duration of a pulse is NT,

s » W€ have the following inequality:

NT,

prbs

>ty . (2-3)

Therefore, the clock frequency f,,,, for the PRBS must be chosen as a submultiple of the
sampling frequency f. X f,»,=f/p (p =1.2,..), then 7, =T p and, combining this with
the inequality (2-3), we obtain the following condition that must be fulfilled:

N>—2= . (2-4)
T p Tprbx

Because lowering the clock frequency of the PRBS will reduce the frequency range in
which its spectral density can be considered constant, we recommend choosing p <4 [6].
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Figure 2-1 A typical PRBS waveform.

30




The proper signal/noise ratio,i.e., at least 10:1, should be maintained even when magni-
tude a of PRBS is very low. The output variations due to PRBS should be larger than the
residual noise level. Also, for a low signal/noise fatio, it is necessary to extend the test
duration in order to obtain satisfactory parameter estimates. The significant increase in
the PRBS level may be undesirable because of plant nonlinearities.

Let us assume that the process to be identified has the banwidth of 5 Hz, but at the same
time, the bandwidth of interest is much higher, i.e., it is required to identify its higher or-
der dynamics with modal frequencies above 5 Hz. The time constant T of such a process
is approximately equal to 0.2 s and the rise time ¢, =2t =04 s. We request that
>1,. Therefore, if we set N = 10, we should have T, =pT >004. Because we

NT,

prbs
want the sampling interval to be as small as practical, we shall choose p =4 and 7' = 0.01.

This results in Nyquist frequency fy = 50 Hz and we can expect accurate identification of
the modal frequencies lower than 10 Hz. Higher modal frequencies will be identified with
some distortions. If the required bandwidth of interest is 30 Hz, then, for accurate identi-
fication, the sampling frequency should at least be 180 Hz or the sampling period should
be approximately 0.005 s to give fy = 100 Hz. On the other hand, assuming that the PRBS
input sequence is generated with N = 10 and p =4 (or is p(2M-1)=4092 samples long),
the maximum duration of a pulse in the input signal is pNT = 0.2 s. Such an input se-
quence will not properly excite low-frequency modes, resulting in considerable distor-
tions in the low-frequency range of the identified frequency response. A practical solution
is to run several experiments with different sampling intervals and to obtain for each of
them the frequency response accurate in a particular frequency range. Also, because of
the noise presence, improving identification results may require the input sequence to be
repeated several times during one experiment involving either the simulation or real
process measurements run. To obtain the simulation data for the ADAMS model of the
turbine Micon 65/13 used in this research, the input PRBS sequence (with N=10 and p =
4) was repeated three times, i.e., the input-output time series had 12,276 points for each
run. It turned out that, for every identification run, the identification error stabilizes at a
low level after approximately 2500 samples (see appropriate plots in Appendix B). There-
fore, the length of the input-output time series has been reduced to 4092 samples, result-
ing in a shorter identification process and still allowing for accurate identification of the
low frequency modes.

The input signal was generated by the MATLAB program prbsmp.m which is included
in Appendix A. Program users choose the magnitude a and the number of stages N of the
shift register, which can be equal to any integer between 4 and 10 inclusive. Program us-
ers also choose the multiplier p as any integer between 1 and 4. As shown above, this al-
lows for a small sampling interval T (large Nyquist frequency) and p times larger Ty, =
pT, which improves identification accuracy in the low frequency range. The MATLAB
program prbsmp.m automatically plots the generated PRBS and stores the sequence in
the PRB vector.




2.2 Selection of Measurements to be Obtained from a Modal Test

The problem of the proper selection of measurements has been studied using simulation
data for the ADAMS analytical model of the Micon 65/13 wind turbine structure, which
is shown in Fig. 2.2. In this figure, all 32 measurement points are marked along the
structure, but at each of them, we have two virtual accelerometers measuring in two di-
rections: Y and Z, according to the local coordinate systems, which are different for each
blade and the tower, as shown in the figure. The list of accelerometers used in the simu-
lation is given in Table 2.1. Their locations (same location for a pair of accelerometers
measuring in Y and Z direction), in ground coordinate system (see Fig. 2.2), are given in
Table 2.2. The measurement matrix generated by the ADAMS model had 64 columns
representing virtual accelerometers, each with 3p(2"-1) elements (rows) representing
‘measurements at sampling instants, i.e., the PRBS signal of 4092 samples was repeated
three times to give long enough input-output sequence. As explained previously, this
number has been reduced to p(2N -1) = 4092 for N = 10 and p = 4. In other words, due
to noise absence in the simulation environment, it was not necessary to repeat the input
sequence several times. The extension of the input sequence would improve identifica-
tion accuracy olny to a certain degree depending on the noise level. Unfortunately it is
impossible to establish a quantitative relation between length of the input sequence and
the required identification accuracy (at a given sigal/noise ratio).

In order to excite all the modes, the simulation has been performed for three out-of-plane
excitations and one in-plane excitation, all of the same PRBS type. The out-of-plane exci-
tations were the excitations Fy at the two blade tips (Jocations B1S13 and B2S13) and
excitation Fz (location TOWER4). For each of these three inputs, we generated a meas-
urement matrix. For identification purposes, and as a result of sensitivity analysis, we re-
duced the set of 64 measurement variables. We selected five variables, i.e., five outputs
or five columns of the measurement matrix, the same for each of the three aforemen-
tioned driving points. These are the outputs listed in Table 2.3. We applied the in-plane
excitation Fy at the tower location TOWERA4. To see the difference in the frequency re-
sponse, i.e., to see that the excitation and, consequently, the identification of different
modes depends on both the driving point and the set of measurement points, we per-
formed the identification twice, using the set of the out-of-plane measurement points in
Table 2.3 and the set of in-plane measurement points listed in Table 2.4. Corresponding
pairs of measurement points related to measuring acceleration in two different directions
have the same locations on the wind turbine structure. The identification results are pre-
sented in Appendix B.

The important conclusion for modal testing on a real wind turbine structure is that in or-
der to determine natural frequencies and damping ratios the number of measurement
points can be substantially reduced. A properly selected driving point-measurement set
leads to accurate identification. This statement is supported by comparing frequency re-
sponses for a given excitation point and different outputs. However, to avoid missing
some of the modes in bandwidth of interest, the driving points have to be carefully se-
lected.” As can be seen from the plots shown in Appendix B for any driving point, the
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Figure 2.2. Micon 65/13 Wind Turbine with virtual accelerometers and shakers.




* frequency response for a collocated excitation-measurement pair gives the best resolution
of the system’s resonance modes.

Table 2.1 List of Measurement Points

or Accelerometers
Col Name . Col Name

1 TOWER1_Y 33 B3S01_Y
2 TOWER2_Y 34 B3S03_Y
3 TOWER3_Y 35 B3S05_Y
4 TOWERA_Y 36 B3S07_Y
5 TOWERS5_Y 37 B3S09_Y
6 TOWER6_Y 38 B3S11_Y
7 SLRING_Y 39 B3S12_Y
8 NACEL_Y 40 B3S13_Y
9 TOWERL_Z 41 B1S01_2Z
10 TOWER2_Z 42 B1S03_Z
11 TOWER3_Z 43 B1S05_2
12 TOWER4_Z 44 B1S07_2Z
13 TOWERS_Z , 45 B1S09_2Z
14 TOWER6_Z 46 B1S11_Z
15 SLRING_Z 47 B1S12_7Z
16 NACEL_X 48 B1S13_3Z
17 B1S01_Y 49 B2S01_2Z
18 B1S03_Y 50 B2S03_3%
19 B1S05_Y 51 B2S05_2%
20 B1SO7_Y 52 B2S07_2Z
21 B1S09_Y 53 B2S09_Z
22 B1S11_Y 54 B2S11_%Z
23 B1S12_Y 55 B2S12_%
24 B1S13_Y 56 B2S13_2
25 B2S01_Y 57 B3S01_2% i
26 B2S03_Y 58 B3S03_2Z
27 B2S05_Y 59 B3S05_2
28 B2S07_Y 60 B3S07_2
29 B2S09_Y 61 B3S09_%Z
30 B2S11_Y » 62 B3S11_2
31 B2S12_Y 63 B3S12_7Z
32 B2S13_Y 64 B3S13_2




Table 2.2 Coordinates for accelerometers on Micon 65/13

Name Location in Ground System coordinates
(X =downwind , Y = orthogonal to X-Z ,Z=up )
as shown in Fig. 2.2.

TOWER1 0, .0, 3.3780
TOWERZ2 0, 0, 6.7620
TOWER3 0, 0, 10.146
TOWER4 0, 0, 13.531
TOWERS 0, 0, 16.915
TOWERSG 0, 0, 20.300
SLRING 0, 0, 22.026

NACEL 0.071, 0.055, 22.444

23.36354762
24.57088244
25.77821726
.98555208
28.19288690
29.40022172
30.00388913
30.60755654

B1S01 -1.7338099540,
B1S03 -1.5641301100,
B1S05 ~1.3944502660,
B1S07 -1.2247704220,
B1S09 -1.0550905780,
B1S11 -0.8854107334,
Blsi2 -0.8005708111,
B1S13 -0.7157308888,

[eNoNoNoNoNoNe N
L
N
(o2}

B2S01 -1.797533358,
B2S03 -1.755113396,
B2S05 -1.712693434,
B2S07 -1.670273472,
B2S09 -1.627853510,
B2S11 -1.585433548,
B2S12 -1.564223567,
B2S13 -1.543013586,

.5274166419, 22.45226046
.5807027970, 21.8396%416
.6339889530, 21.22712786
.6872751090, 20.61456156
.7405612650, 20.00199526
.7938474210, 19.3894289¢6
.3204904990, 195.08314581
.8471335770, 18.77686266

oW RO

B3S01 -1.797533358, -0.5274166419, 22.452260456
B3S03 ~1.755113396, -1.5807027970, 21.83969416
B3S05 -1.712693434, -2.6339889530, 21.22712786
B3S07 -1.670273472, -3.6872751090, 20.61456156
B3S09 -1.627853510, -4.7405612650, 20.00199526
B3S11 -1.585433548, -5.7938474210, 19.38942896
B3S12 -1.564223567, -6.3204904990, 19.08314581
B3S13 -1.543013586, -6.8471335770, 18.77686266




Table 2.3 Out-of-plane measurements Table 2.4 In-plane measurements

TOWER4_Z oxr column 12 OQUTPUT
SLRING_Z or column 15 OUTPUT
B1S13_Y or column 24 OUTPUT
B2S13_Y or column 32 OUTPUT
B3S13_Y or column 40 OUTPUT

TOWER4_Y or column 4 OUTPUT 1
SLRING_Y or column 7 OUTPUT 2
B1S13_2 or column 48 OUTPUT 3
B2S13_2Z or column 56 OUTPUT 4
B3S13_2Z or column 64 OUTPUT 5

Ui W

2.3 Obtaining Wind Turbine State Space Model

The state space model is generated using a properly obtained input-output sequence. The
generation of a proper input-output sequence has been previously discussed in Sections
2.1 and 2.2. The discrete-time state space model (A,B,C,D), to be identified, defines the
following relation between the scalar driving excitation u(k) and the measurement m-
vector (or output) y(k):

x(k+1) = Ax (k) + Bu(k)

y(k) = Cx(k)+ Du(k) (2-5)

Note that this state space model depends on the choice of the state vector x(¢) and the
sampling interval 7. Assuming that x(0) = 0 and solving for the system output, we obtain

y(k) = i CA™'Bu(k i)+ Du(k) . (2-6)

i=1

It can be easily shown that equation (2-6) represents the convolution of the system's input
sequence u(k) and the sequence Y(k) with the following elements:

Y,=D, Y =CB, Y,=CAB, ..., Y, =CA*'B @2-7)

Therefore, these elements are consecutive samples of the system’s pulse response and
they are known as Markov parameters. Assuming that our input-output sequence has a
length of I, we can write / equations of the type of equation (2-6) with the number of
terms on the right side increasing as the new input-output pairs become available. This set
of / equations can be represented by the following equation:

[ 4(0) u() u(2) ... u(l~1)
w(0) u(1) ... u(l-2)

yO):y(D): ... :y(I-1)|=|D:CB:CAB: ... :CA™B u(0) ... u(l-3)
[ . . . ] [ . . . . -2 ] (2—8)

u(0) |
mxl{ - mxl Ixl




The wind turbine structure is a flexible structure with lightly’ damped low frequency
modes. For such a system, a sufficiently large number of equations /= p is required to.
have

A* =0 for k2p.

This property holds for any stable system and A* for stable systems with higher damping
approaches zero mmuch faster. This signifies that to solve for the Markov parameters (as an
adequate system representation) of a lightly-damped system a sufficiently large [ is re-
quired but for better damped systems the value of [ can be smaller.

A possible approach to solving this problem is to artificially increase system damping to
obtain the solution for Markov parameters. The observer model of the system is used in
this approach. The state equation (2-5) can be manipulated as follows:

x(k+1)= Ax(k)+ Bu.(k) +Gy(k)—Gy(k)

(2-9)
= (A+GC)x(k) +(B+GD)u(k)—Gy(k)

where G is an nxm arbitrary matrix chosen to make A + GC as stable as desired. Equa-
tion (2-9) can be rewritten in a standard compact form:

x(k+1) = Ax(k) + Bv(k) (2-10)

where

_ - [u(k)]
A=A+GC, B=[B+GD -Gl, »(=| |-

Now, we can write an equation, sumlar to equation (2-8), but one which involves ob-
server Markov parameters:

Y =[DiCB:CAB:... iCA"'B: ... iCA"B| . @2-11)

For an observable system, we can assign the eigenvalues of A arbitrarily through a proper
choice of G. In the case of the dead-beat observer, or when all the eigenvalues of A are
placed at the origin, CA"B=0fork> p where p is a sufficiently large integer. We can
now solve for the observer Markov parameters

Y=|[DiCB:CAB:... :.CA"'B] (2-12)

using a least-squares algorithm.

The observer Markov parameters in equation (2-12) include the system Markov parame-
ters and the observer gain Markov parameters. The system Markov parameters are used to

10




compute the system matrices A, B, C, and D, whereas the observer gain Markov parame-
ters are used to determine the observer gain matrix G. The proper algorithm for obtaining
these Markov parameters has been introduced by Phan et al. [5] and is also discussed by
Juang [2]. The algorithm uses input and output time histories as its input. Software im-
plementation of this identification algorithm was developed at NASA Langley and is
‘known as the MATLAB function OKID. Finally, the state-space representation (4, B, C,
D) of the system is obtained using the Eigensystem Realization Algorithm (ERA) which

is based on systenr realization theory.

It can be proven that the truncated observer model (2-12), obtained as a result of the dead-
beat approximation of equation (2-10), produces the same input-output map as a Kalman
filter if the data length is sufficient so that the truncation error is negligible. In this case,
G computed from combined Markov parameters of equation (2-12) gives the steady-state
Kalman filter gain K =-G.

11




3.0 Tools for Validation of the ADAMS Model
with Experimental Modal Test Data

3.1 Methodology of the Approach

The ADAMS model of a wind turbine structure can be validated using experimental mo-
dal test data by processing (with the MATLAB programs developed in this research) the
input-output time series obtained for both the real system and its ADAMS model. It is
important that the input time series is properly chosen as outlined in Section 2.1, and that,
as discussed in Section 2.2, this input signal is applied at different locations and the exci-
tation signals are associated with properly selected sets of measurements. In other words,
several properly designed experiments have to be performed. Also, if the frequency range
of interest is relatively wide, it may be necessary to repeat each experiment for two or
more (7,T,.s) pairs to get good identification in both the low and the high frequency
* range. For the experiments reported in Appendix B, a single pair (T,Tpms) = (0.01s, 0.04s)
was used. It is known that higher sampling frequency results in a higher Nyquist fre-
quency allowing for better identification of higher frequency modes. However, as justi-
fied by our discussion in Section 2.1, Ty is then too small to identify properly low fre-
quency modes. Therefore, it is expected that if two pairs, such as (0.02s, 0.08s) and
(0.005s, 0.02s), were used to run all the experiments twice, better identification accuracy
would have been achieved. However, due to bandwidth limitations of hydraulic shakers
the input-output time series generation for the second (7,7,.s) pair and a real wind tur-
bine structure, if possible at all, would be inaccurate.

The identification of the Observer/Kalman Filter model is performed by the MATLAB
program fiokuy.m which uses the MATLAB function okid. The initial estimate of the
number of observer Markov parameters has to be specified considering that the maximum
system order that can be identified is the product pem . Using the measurement matrix, the
Hankel matrix is formed and a plot of its singular values is shown to aid in selecting the
correct system order. There is one singular value associated with each resonance mode.
The fact that the mode’s singular value is a measure of its contribution to the system’s
response aids in selection of the order of the system’s model. After a particular order is
selected, the percentage of data realized by the model is computed. It is recommended to
choose the lowest system order resulting in 100% realization of the measurement data.
Also, the corresponding modal parameters are displayed on the screen with the corre-
sponding mode singular values (SV) and modal amplitude coherence (MAC) factors. This
provides additional evaluation of the quality of the identified model. Looking at this table,
the researcher can determine the modes whose contribution to the system dynamics is in-
significant. Such modes can be classified as the noise modes.

The identified system matrices A, B, C, D, generated by the program for the structure
model of a selected order, are available as MATLAB variables Af, Bf, Cf, Df. The iden-
tification error is displayed in the Figure Window. For the sake of validation of the AD-
AMS model, we should run fiokuy.m for the experiments performed for both the real
plant and its model. '




The next step is to run the identification programs idss2tfr.m and zoomtfr.m, for all in-
put-output data files, with the number of times equal to the number of measurement
points in the processed data file. The program idss2tfr.m displays identified eigenvalues
and corresponding modal frequencies in [rad/s] and [Hz], as well as system zeros related
to the selected output. The frequencies of the complex-conjugate zeros, which determine
system’s antiresonances, are also displayed. Program idss2tfr.m displays the frequency
. response in the Figure Window. Program zoomtfr.m can be used to enlarge a selected
portion of this plot. Both programs use the state space model Af, Bf, Cf, Df, generated by
the program fiokuy.m.

All the outlined steps of the above procedure are very well illustrated in Appendix B us-
ing simulation data obtained from the ADAMS model of the wind turbine Micon 65/13.

3.2 Results of Modal Parameter Identification Using Input/Output Time-Series
Obtained as Simulation Data

The input/output time-series obtained from the ADAMS model of the Micon 65/13 wind
turbine were used to develop and to validate the identification procedure presented above.
It was found that to identify all vibration modes, we have to process, repeating the same
procedure, the input/output time-series for both in-plane and out-of-plane excitations
applied at various points of the wind turbine structure. This has been done for three data
files generated by out-of-plane excitations, collocated with the measurements
TOWER4_Z, B2S13_Y, and B1S13_Y, and for one data file generated by the in-plane
excitation collocated with the measurement TOWER4_Y.

For each of the four data files listed above that contain five measurements, the Ob-
server/Kalman Filter state-space model has been identified interactively in order to de-
termine the model order providing the best fit for the measurement data. The correspond-
ing set of modal parameters has been generated. Then, for each of the five input-output
pairs, the frequency response has been plotted and the corresponding set of system zeros
and their frequencies has been determined.

Appendix B contains a detailed introduction presenting the scope of the tests performed.
It also gives the numerical results of modal parameter identification, graphically illus-
trated by frequency response plots. This graphical illustration is most distinct on the fre-
quency response plot for the system output (measurement) collocated with the excitation
used to obtain the analyzed data file.

Modal frequencies identified from the simulation data using observer/Kalman filter iden-
tification technique along with the modal frequencies determined for the structure of Mi-
con 65/13 wind turbine from modal survey as well as those obtained using ADAMS lin-
ear model are given in Table 3.1.
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Table 3.1 Modal Frequencies (Hz) for Micon 65/13

Bending Mode Modal Survey | ADAMS/Linear | OKID Technique
1st Tower/Aft 1.60 1.65 1.72
1st Tower Side-to-Side 1.80 1.66 1.76
1st Assymmetric 1st Flap 2.70 3.18 291
2nd Assymmetric 1st Flap 3.20 3.21 3.22
1st Symmetric 1st Flap 3.60 3.36 3.49
1st Symmetric 1st Edge 6.70 7.48 7.10
1st Assymmetric 1st Edge 7.51 7.75 7.46
2nd Assymmetric 1st Edge 7.83 7.85 7.78
1st Assymmetric 2nd Flap 10.80 11.31 10.82
2nd Assymmetric 2nd Flap 11.10 11.34 11.08
1st Symmetric 2nd Flap 11.48 11.41 11.15
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4.0 Capabilities of the Developed Identification Technique and
Future Work

An analysis of all the capabilities of the developed identification software tools indicates
that the scope of applied research this software could support is very broad. The identifi-
cation technique applied is capable of developing a multi-input multi-output model of a .
structure. Consequently, such a technique enables the researcher to handle data obtained
from an experiment with more than one excitation point and, practically, unlimited num-
ber of measurement points.

The realization of a system obtained has a first-order or state space form and can be easily
converted into the transfer function matrix form. This means that the transfer function
between any excitation input (such as a force applied at the tip of one of the turbine
blades) and any measurement output (such as acceleration at the top of the turbine tower)
can be made available and its graphical representation in a form of the Bode plot can be
obtained. Since each measurement is associated with particular geometrical coordinates
or particular point on a structure, we can obtain at this point the magnitude and phase of a
sinusoid of any modal frequency. They change along the structure resulting for each mo-
dal frequency in a particular mode shape.

The identification technique developed can help to adjust analytical model of a structure,
such as ADAMS model. This can be done by comparing the predicted with identified
natural frequencies, damping ratios and mode shapes, obtained using identification
technique developed with modal test data . However, this comparison does not provide
any analytical guidelines for tuning physical parameters of a lumped-parameter model
formulated in terms of mass, damping, and stiffens matrices. Such a model is described
by a set of n/2 second-order differential equations with n being the assumed (even) order
of the system model. It is, therefore, necessary to replace an nth-order state space repre-
sentation by a properly structured representation which consists of n/2 second-order
equations. Additional information to be used comprises locations of the sensors and ac-
tuators.

Further applications of the identification technique developed and tested in this research
using simulation data for the wind turbine Micon 65/13 to be explored include modal
testing of a rotating wind turbine and damage localization of a structure such as a wind
turbine blade undergoing fatigue test, a building, an offshore platform or a highway
bridge. In these prospective applications, data from the sensors installed can be processed
periodically in order to determine the localization of a damage as well as the time at
which it occurred.
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APPENDIX A

Simulation/ldentification Programs
Program prbsmp.m

This program has .been developed to generate the frequency-rich input test signal to be
used for the identification of dynamical systems. Its original version prbsm.m has been
discussed in detail in [1] and the current modification is justified and described in Section
2.1 of this report. This program is listed below. It is an interactive program. The log of
user-MATLARB interaction is as follows:

» prbsmp
p(choose so that NTsp>=tr)=4
N (~=tr/Tprbs=tr/p*Ts<=4-10)=10

a{magnitude)=1
>

The user is asked to determine the magnitude a , the parameter p, which sets the number
of samples (or measurements) per T, and the number of stages of the shift register V.
The length of the generated sequence equals to p(2-1). Also, the maximum pulse length
in the sequence is equal to Np clock (or sampling) periods. The sampling period has to be
declared in the application program, which calls for execution of prbsmp.m. The
generated PRBS sequence is available as a row vector PRB. The response to help
prbsmp js as follows:

» help prbsmp

PROGRAM prbsmp.m

This program generates pseudo-random binary sequence using

shift register with automatic modification of the shift

register positions added mod2.

If Tprbs is the generator clock period and tr is the rise

time, then one should have N*Tprbs>=tr. Roughly one can

say that N indicates number of clock periods over the rise

time

Number of cells of the shift register SR is equal to N.

Generated PRBS is stored in the Output Register PRB.

It has a binary form, i.e., it assumes either the value of +a or -a.
If Ts is the sample period, then Tprbs=p*Ts with p being an integer,
but it is recommended to choose p<=4.

»

This information advises the user how the choice of N and the generator clock period
should be related to the dynamics of the system to be identified. For a linear system
without noise, the magnitude a of the excitation can have any value. For a real system, we
have to consider the presence of noise and nonlinearities. We choose a to achieve an
acceptable signal-to-noise ratio but small enough in order to remain in the linear region of
operation of a real system.
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The prbsmp.m listing is given below.

» type prbsmp.m

$PROGRAM prbsmp.m

$This program generates pseudo-random binary sequence using

$shift register with automatic modification of the shift

$register positions added mod2.

%If Tprbs is the generator clock period and tr is the rise

$time, then one should have N*Tprbs>=tr. Roughly one can

$say that N indicates number of clock periods over the rise

$time

$Number of cells of the shift register SR is egqual to N.

%$Generated PRBS is stored in the Output Register PRB.

%It has a binary form, i.e., it assumes either the value of +a or -a.
$If Ts is the sample period, then Tprbs=p*Ts with p being an integer,
$but it is recommended to choose p<=4.

clft

p=input ('p(choose so that NTsp>=tr)=');

N=input ('N (~=tr/Tprbs=tr/p*Ts<=4~-10)="');%User-defined parameter
a=input ('a(magnitude}="');%$User-defined parameter

L=2"N-1;%length of the sequence stored in the output register PRB for
p=1

LL=p*L;
PRB=zeros(1l,LL); %initialization of the Output Register
SR=cnes(1,N) ; $initialization of the Shift Register

SRl=zeros(1,N); %$mod 2 sum of the first and last digit of SR is
$stored in SR1(1)
M={3 4;3 5;5 6;4 7;3 8;5 9;7 10]; %bits added in PRBS generation
1i=M(N-3,1); 1h=M(N-3,2); %determination of the positions
$0f SR added modulo 2
n=1;
for m=1:L
SRSUM=SR{11i)+SR(1lh);
$SUMMATION MODULO 2
if SRSUM==0
SR1(1)=0;
elseif SRSUM==
SR1(1)=0;
else
SR1(1)=1;
end
%OUTPUT GENERATION
if SR(N)==
for i=1l:p
PRB(n-1+i)=a;
end
else
for i=1:p
PRB(n-1+i)=-a;
end
end
n=n+p;
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$SHIFTING SR TO THE RIGHT AND UPDATING

for 1=1:N-1
SR(N+1-1)=SR(N-1);
end
SR(1)=0;
SR=SR+SR1;
end
%
k=0:LL-1;

[kk, PP]l=stairs(k, PRB);
v={0,LL,-1.2*%a,1.2*al;
plot(kk,PP), ...

axis(v),...

title{('PRBS Test Signal'),...
xlabel('Time, samples'},..
vlabel ('Magnitude');
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Identification Programs

There are three programs programs used in this research for identification of the wind
turbine tower structure:

fiokuy.m which is a modification of the program, with the same name, developed in
the previous research and based on the observer/Kalman filter identification
algorithm; -

idss2tfr.m which, for a selected input/output pair, converts the state-space model,
generated by fiokuy.m, to the transfer function model and displays the corresponding
frequency response;

zoomtfr.m which allows the user to zoom on a selected part of both magnitude and
phase frequency response, generated by idss2tfr.m.

System/Observer/Controller Identification Toolbox [3], developed at NASA Langley
Research Center, is required to run these programs. The user of fiokuy.m, with the help
of graphical and numerical information, generated by the program, selects the desired
model order for which modal parameters are then displayed and the observer/Kalman
filter (state-space) model is generated. The identification is based on a frequency-rich
input/output history. The program idss2tfr.m displays identified system eigenvalues and
corresponding modal frequencies in rad/s and Hz, as well as system zeros related to the
selected output. The application notes and test results are presented in Appendix B.

The information on user-defined parameters and variables available to the user is
included in the Matlab responses to help fiokuy, help idss2tfr, and help zoomtfr, as
shown below. The listings of all three programs immediately follow.

» help fiokuy

PROGRAM fiokuy.m
This is the IDENTIFIER program
for single input multiple output system.
When calling this program the user has to load
(in the MATILAR format) frequency-rich input-output time histories
and the sampling interval used to obtain these histories
OBSERVER/KALMAN FILTER IDENTIFICATION ALGORITHM is used.

ﬁser-Defined Parameters:

T sampling interval used to obtain
input-output time histories to be loaded with u and y
input sequence (single column vector)
output sequence (a matrix with m columns)
number of outputs
number of observer parameters
Note: Maximum order of the system which
can be identified is p*m.




Variables Available:

Af,Bf,Cf,Df - identified state space representation
G - observer gain matrix

y - response to u of the system to be identified
vl - response to u of the identified system

yv2=[y y1]

error - identification error.

» help idss2tfr

PROGRAM idss2tfr.m

This program uses identified state space representation,
obtained from input-output data set using fiokuy.m,

and generates eigenvalues of the identified system,

available as a vector rl. Each row of the generated matrix
numl represents numerator coefficients of a transfer

function associated with this row. It is assumed that the
number of the output is identical with the row number of numl.
The vector denl represents the denominator polynomial coefficients.
For the output number,declared by the user,

the system plots freguency response.

The axis (frequency, magnitude, and phase ranges)are scaled
automatically. To zoom on a particular part of the frequency
response, run zoomtfr.m.

» help zoomtfr

PROGRAM zoomtfr.m

This program uses the model generated by idss2tfr.m.

For the output number,declared by the user,

the system plots frequency response on a linear scale and
within the requested frequency range.

The user is asked to declare axis (frequency, magnitude,
and phase ranges)and number of points within the selected
frequency range.

» type fiokuy

%$PROGRAM fiokuy.m

%$This is the IDENTIFIER program

$for single input multiple output system.

$When calling this program the user has to load

% ~ (in the MATLAB format) frequency-rich input-output time histories
$ and the sampling interval used to obtain these histories
$0OBSERVER/KALMAN FILTER IDENTIFICATION ALGORITHM is used.

%
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$User-Defined Parameters:

T sampling interval used to obtain
input-output time histories to be loaded with u and y
input sequence (single column vector)
output sequence (a matrix with m columns)
number of outputs
number of observer parameters
Note: Maximum order of the system which
can be identified is p*m.

Variables Available:

Af,Bf,Cf,Df - identified state space representation
G - observer gain matrix
vy - response to u of the system to be identified
vyl - response to u of the identified system
y2=[y y1]

. error - identification error.

Of dP 9@ dP 9P JP dP dP dP OP OP OP dP OP dP dP of dP o

pt=length(u); %number of points in the sample
t=[{T:T:T*pt]"';
m=input ( 'm(number of outputs)=');%number of system outputs
$r=input ('r (number of inputs)=');%number of system inputs
r=1; '
disp(‘'Declare p - number of observer Markov parameters.’)
disp({'Maximum order of the system to be identified is p*m')
p=input ( 'p{number of observer Markov parameters)='};
$number of observer Markov parameters
$system of maximum order p*m can be identified
[af,BEf,Cf,Df,Gfl=0kid(m,x,T,u,y, '1q',p);;%identification

yvl=dlsim(Af,Bf,CE£,Df,u) ;%simulation to determine
$identification error

y2=[y vyil;

clf

plot(y2),title('System and identified model response')

disp('Both real system output and identified system output')
disp('as response to the same input are now displayed in the Figure
Window. ')

disp('To save the plot yvou can open New Figure now.')

disp('ENTER to continue.')

pause

error=y-vl;%identification error

clf

plot(error),title{'Identification Error’)

disp('Identification error is now displayed in the Figure Window')
disp('Identified system matrices are available as Af, Bf, Cf, Df')
disp(‘'Observer gain matrix is available as G')




» type idss2tfr

%$PROGRAM idss2tfr.m

$This program uses identified state space representation,
$obtained from input-output data set using fiokuy.m,

$and generates eigenvalues of the identified system,
$available as a vector rl. Each row of the generated matrix
$numl represents numerator coefficients of a transfer
$function associated with this row. It is assumed that the
gnumber of the output is identical with the row number of numl.

%$The vector derrl represents the denominator polynomial coefficients.

$For the output number,declared by the user,
$the system plots frequency response.
$The axis (frequency, magnitude, and phase ranges)are scaled
$automatically. To zoom on a particular part of the frequency
$response, run zoomtfr.m.
onr=input ('onr {output nr for freq. resp)=‘');
[al,bl]l=d2c(Af,BEf,T);%identified continuous system is obtained.
[numl,denl]=ss2tf(al,bl,CEf,Df,1);%identified transfer function
disp('IDENTIFIED SYSTEM EIGENVALUES')
rl=roots(denl)%identified eigenvalues
wn=abs (rl) ;%identified mode frequencies in rad/s
fn=wn/(2*pi);%identified mode frequencies in Hz
fr={wvn £fn};
disp('IDENTIFIED MODAL FREQUENCIES IN rad/s AND Hz')
disp ("’ rad/s Hz ")
fr
fprintf ('IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT %g\n',onr)
ZER=roots (numl (onr, :) ) ¥system zeros
zwn=abs (ZER) ;%¥identified zero frequencies in rad/s
zfn=zwn/(2*pi);%identified zero frequencies in Hz
zfr=[(zwn zfnl;
disp('IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz')
disp(* rad/s Hz ')
zfx
(magl,phasel,w]=dbode (Af,Bf,Cf,Df, T, 1) ;%magl and phasel have
$number.of columns equal to the number of outputs
Ilmagl=20*log(magl(:,onxr)):;
subplot(2,1,1)
semilogx(w,lmagl, 'r'),grid,
xlabel ('Frequency (rad/sec)'}),...
vliabel ('Gain dB'), ...
title ([ 'FREQUENCY RESPONSE FOR OUTPUT ',num2str{onxr)]),...
subplot(2,1,2)
semilogx(w,phasel(:,onr),'r'),grid,.

xlabel ('Frequency (rad/sec)'),...

vlabel ( 'Phase deg')
fprlntf( Frequency response for OUTPUT %g is now displayed\n' ,onr)
disp('in the Figure Window.')
disp('If you want to obtain frequency response for more than
output, ')
disp('run idss2tfr.m again and/or run zoomtfr.m to look')
disp('at a specified frequency range.')
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» type zoomtfr

$PROGRAM zoomtfr.m
$This program uses the model generated by idss2tfr.m.
%For the output number,declared by the user,
$the system plots frequency response on a linear scale and
$within the requested frequency range.
$The user is asked to declare axis (frequency, magnitude,
$and phase ranges)and number of points within the selected
$frequency range.
onr=input (' onr (cutput nr for freq. resp):‘),
ml=input ('ml(gain magnitude low limit in dB)=');
mh=input ('mh(gain magnitude high limit in dB)=');
fl=zinput ('fl(freqg. range low limit in rad/s)—'),
fh=input('fh(freg. range high limit in rad/s)=');
phl=input {'phl (phase low limit in deg)='});
phh=input ( ‘phh(phase high limit in deg)=');
np=input { 'np(number of points between fl1 and fh)=');
w=linspace(fl, fh,np);
[magl,phasel,w]=dbode(Af,Bf,Cf,Df,T,1,w);%magl and phasel have
$number of columns equal to the number of outputs
Imagl=20*log(magl(:,onr));
v=[fl,fh,ml,mh];
subplot(2,1,1)
plot(w, lmagl, ‘'r'),grid,
axis(v),...
xlabel ( 'Frequency (rad/sec)'),...
vlabel('Gain 4B'},
title(['FREQUENCY RESPONSE FOR OUTPUT ' ,num2str(onxr)]),...
subplot(2,1,2)
plot(w,phasel(:,onr), 'r'),grid, ...

vl={fl, fh,phl,phhl;, ...

axis(vl),...

xlabel ('Frequency (rad/sec)'}),...

ylabel ( 'Phase deg’')
disp('')
fprlntf( Frequency response for OUTPUT %g is now displayed\n', onr)
disp('in the Figure Window.')
disp('")
disp('If you want to obtain zoomed frequency response for more than one
output, ')
disp('run zoomtfr.m again or idss2tfr for full frequency response')

>




APPENDIX B

Application Notes and Identification Results Obtained Using
ADAMS Simulation
Data for the Wind Turbine Micon 65/13

The purpose of this appendix is twofold. It can be viewed as a practical step-by-step
guide to system identification, illustrated by a complete example, with special emphasis
on identification of modal parameters. On the other hand, it constitutes a detailed outline
of an approach to validation of the ADAMS model with experimental modal test data
when such become available. In this case, the data processing, performed here for the
measurement data generated by the simulation, has to be repeated using experimental
data. The modal parameters obtained can then be compared for validation.

As outlined in Section 2.2, the excitation of all modes requires obtaining input-output
time-series for both in-plane and out-of-plane excitations applied at various points of a
wind turbine structure. For out-of-plane excitations, collocated with the measurements
TOWER4_7Z, B2S13_Y, and B1S13_Y, five measurements listed in Table 2.3 have been
selected and the corresponding measurement data files itf0104r.dat, ib20104r.dat, and
ib10104r.dat have been formed. In addition, one in-plane excitation, collocated with the
measurement TOWER4_Y, has been applied. The measurements included in the reduced
data file its0104r.dat, formed for this excitation, are listed in Table 2.4. The
measurements included in all these data files are referred in this appendix as outputs with
a proper number assigned as shown in Table 2.3 and Table 2.4.

For all of these data files, the same identification procedure is repeated. First, after
loading a particular data file into MATLAB work area, the program fiokuy.m is
executed. The user is asked for the number of outputs (or number of measurements) and
the number of Markov parameters to be considered. The user, then considering the plot
of singular values makes the decision as to what should be the order of the system model
to be generated. The program identifies a state-space representation of a system (in the
form of an observer/Kalman filter model) and returns the identified system’s modal
frequencies and damping values with the corresponding modal amplitude coherence
(MAC) factors and mode singular values. Even though the details how the user can
distinguish noise modes from real modes based on these data are outlined in Section 3.1
as well as in [1], the following summary information is in place. Modes to be considered
as real modes must have MAC value of 1 or close to 1 meaning that the response history
associated with a particular mode of the identified model and the measured response
history (taken as vectors) coincide. In addition, modes with small singular values can be
neglected because they do not contribute much to the structure’s dynamics. In what
follows, the modal frequencies to be considered as representing real modes are
highlighted in bold. The identification error is displayed in the Figure Window.




Then, the identification programs idss2tfr.m and zoomtfr.m are usually repeated the
number of times equal to the number of measurement points in the processed data file
(five times in the identification process presented below). This is justified by the fact that
for each input-output relation in a given file, we have the same poles or modal
frequencies but different zeros. Therefore, each input-output pair has- a different
frequency response. As we can see from the identification results presented below, the -
visibility of the modal frequencies on the frequency response plots is different for
different input-output pairs and, of course, much sharper for those pairs that are
collocated. This is justified by the signal-to-noise factor which is much more faveorable
for a response collocated with the excitation. Also, we can observe that for the excitation
inputs applied at any point on the turbine axis of symmetry (files ib10104r.dat and
itf0104r.dat), the frequency responses for symmetrical outputs are identical. Considering
the possible wide range of research avenues which can be pursued using this software, the
idss2tfr.m program returns the following list of the identified system parameters: system
eigenvalues, modal frequencies in [rad/s] and [Hz], system zeros and their frequencies in
[rad/s] and [Hz]. The application of the program zoomtfr.m is self-explanatory.

Each of the measurement files generated in the simulation contains data for 64 different
measurement points. Therefore, many different data files can be formed to investigate
input-output relations of interest using the same set of the developed MATLAB
programs. The identification procedure and the presentation of results for four data files
defined above follows.

Identification Procedure and Results for the Data File itf0104r.dat

Loading the Data File
» load itf0104r
» whos
Name Size Elements Bytes Density Complex
T 1by1l 1 8 Full No
u 4092 by 1 4092 32736 Full No
Y 4092 by 5 20460 163680 Full No

Grand total is 24553 elements using 196424 bytes

Identification bf Observer/Kalman Filter Model
» fiokuy

m{number of outputs)=5
Declare p - number of observer Markov parameters.
Maximum order of the system to be identified is p*m

p(number of observer Markov parameters)=12
Total number of sample points = 4092
Number of experiments in file = 1

Number of inputs = 1

Number of outputs = 5

Have you run OKID with the same data & P before (l=yes,0O=no) ?:= 0
Compute Parameters For Data Set Number 1
Time (min) to compute observer parameters 2.516




Compute Prediction Error (l=yes,0=no)? =: 0
Time (min) to compute Markov parameters 0.2142
ERADC is used now.

The Hankel matrix size for ERADC is 60 by 181.
Maximum Hankel singular value = 2.175528e-003
Minimum Hankel singular value = 2.099507e-021

Desired Model Qrder (O=stop)=: 34
Model Describes 100 (%) of Test Data

Damping (%) Freq(HZ) Mode SV MAC
1.0000e+002 2.4774e+001 2.4688e-001 9.9763e-001
1.8502e+001 5.0878e+001 2.4718e-001 9.9838e-001
7.0422e+000 4.1346e+001 2.3116e-001 9.9937e-001
7.0422e+000 4.1346e+001 2.3116e-001 9.9937e-001
4.8947e+000 4.3395e+001 4.9625e~001 9.9998e-001
4.8%47e+000 4.3395e+001 4.9625e-001 9.9998e-001
1.7576e+001 1.178C0e+001 2.8978e-001 9.9923e-001
1.7576e+001 1.1780e+001 2.8978e-001 9.59923e-001
1.0814e+001 1.8163e+001 3.8738e-001 9.993%6e-001
1.0814e+001 1.8163e+001 3.8738e-001 9.9996e-001
5.5617e+000 3.2834e+001 3.2798e-001 9.9987e-001
5.5617e+000 3.2834e+001 3.2798e-001 9.9987e-001
2.4137e+001 7.1055e+000 2.3707e-001 9.9977e-001
2.4137e+001 7.1055e+000 2.3707e-001 9.9977e-001
5.5384e+000 2.9987e+001 4.8412e-001 9.9999%e-001
5.5384e+000 2.9987e+001 4.8412e-001 9.9999%e-001
4.4314e+000 3.4799e+001 3.6827e~001 9.9996e-001
4.4314e+000 3.479%e+001 3.6827e-001 9.9996e-001
5.9353e+000 2.0354e+001 4.8383e-001 1.0000e+000
5.9353e+000 2.0354e+001 4.8383e-001 1.0000e+000
5.8685e+000 1.5871e+001 4.8823e-001 1.0000e+000
5.8685e+000 1.5871e+001 4.8823e-001 1.0000e+000
7.0006e+000 1.2338e+001 4.4115e-001 9.9998e-001
7.0006e+000 1.2338e+001 4.4115e-001 9.9998e-001
5.3713e+000 1.0824e+001 3.8899e~-001 9.9999%e-001
5.3713e+000 1.0824e+001 3.8899e-001 9.999%e-001
6.2668e+000 8.6730e+000 3.6710e-001 9.8999%e-001
6.2668e+000 8.6730e+000 3.6710e-001 9.9999%e-001
5.9811e+000 3.5064e+000 S5.9079e-001 1.0000e+000
5.9811e+000 3.5064e+000 9.9079e-001 1.0000e+000
9.6484e+000 1.7626e+000 7.8050e-001 1.0000e+000
9.6484e+000 1.7626e+000 7.8050e-001 1.0000e+000
2.5184e+000 3.1968e+000 1.0000e+000 1.0000e+000
2.5184e+000 3.1968e+000 1.0000e+000 1.0000e+000

Desired Model Order (O=stop)=: 0

Compare Recons. Output and True output (l=yes,O=no) ?:= 0

Both real system output and identified system output

as response to the same input are now displayed in the Figure Window.
To save the plot you can open New Figure now.

ENTER to continue.

Identification error is now displayed in the Figure Window
Identified system matrices are available as Af, Bf, Cf, Df

Observer gain matrix is availlable as G

>
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Frequency Response for OUTPUT1 (Collocation Case)
» idss2tfr

onr {output nr for freq. resp)=1l
IDENTIFIED SYSTEM EIGENVALUE

rl =

-1.3346e+001+ 2.7233e+0021
~1.3346e+001- 2.7233e+0021
-1.8295e+001+ 2.5914e+0021
-1.8295e+001- 2.5914e+0021
-9.6893e+000+ 2.1843e+0021
~9.6893e+000- 2.1843e+0021
-1.1474e+001+ 2.0598e+0021i
~-1.1474e+001- 2.0598e+0021
-1.0435e+001+ 1.8812e+0021
~1.0435e+001- 1.8812e+0021
-1.5566e+002
-7.5905e+000+ 1.2766e+0021i
-7.5905e+000~- 1.2766e+0021
-1.2341e+001+ 1.1345e+0021
'-1.2341e+001- 1.1345e+002i
~5.8522e+000+ 9.9550e+0011
~5.8522e+000~- 92.9550e+0011
-5.9147e+001
-5.4268e+000+ 7.7330e+0011
-5.4268e+000~- 7.7330e+0011i
-1.3009e+001+ 7.2863e+0011
-1.3009%e+001- 7.2863e+0011
-3.6530e+000+ 6.7912e+0011
-3.6530e+000- 6.7912e+0011
~3.4150e+000+ 5.4387e+0011i
~3.4150e+000- 5.4387e+0011
-1.0776e+001+ 4.3325e+0011
-1.0776e+001- 4.3325e+0011
-1.3177e+000+ 2.1992e+0011
~1.3177e+000- 2.1992e+0011
-5.0585%e~-001+ 2.0080e+0011i
-5.0585e-001- 2.0080e+0011i
-1.0685e+000+ 1.1023e+001i
-1.0685e+000~- 1.1023e+0011
IDENTIFIED MODAL FREQUENCIES IN rad/s AND Hz
rad/s Hz '
fr =
2.7266e+002 4.3395e+001
2.7266e+002 4.3395e+001
2.5978e+002 4.1346e+001
2.5978e+002 4.1346e+001
2.1865e+002 3.479%e+001
2.1865e+002 3.4799e+001
2.0630e+002 3.2834e+001
2.0630e+002 3.2834e+001
1.8841e+002 2.9987e+001
1.8841e+002 2.9987e+001
1.5566e+002 2.4774e+001
1.2789e+002 2.0354e+001
1.278%e+002 2.0354e+001
1.1412e+002 1.8163e+001
1.1412e+002 1.8163e+001
9.9722e+001 1.5871e+001
9.9722e+001 1.5871e+001
5.9147e+001 9.4135e+000
7.7520e+001 1.2338e+001
7.7520e+001 1.2338e+001




.4015e+001
.4015e+001
.8010e+001
.8010e+001
.44%4e+001
.4494e+001
.4645e+001
.4645e+001
.2031e+001
.2031e+001
.0086e+001
2.0086e+001
1.1075e+001
1.1075e+001

NN BTN

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 1

ZER =
3.113%e+002+
3.1139e+002~

-2.1704e+001+

-2.1704e+001~

~-1.0073e+001+

-1.0073e+001-

-1.5076e+001+

-1.5076e+001-

-2.4163e+001+

~2.4163e+001-

-1.9364e+001+

-1.9364e+001-

-4.8435e+000+

-4.8435e+000~
3.3462e+001+
3.3462e+001-

~8.0594e+001

-9.1650e+000+

-9.1650e+000~

-4.3114e+000+

-4.3114é+000~

-8.1020e+000+

-8.1020e+000-

-1.7053e+001+

-1.7053e+001~

-3.454%e+000+

-3.454%e+000~

-9.2851e+000+

-9.2851e+000~

-3.1281e+000+

-3.1281e+000-

-3.7882e-001+

-3.7882e-001-
4.0870e+000

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

rad/s
zfr =
4.8247e+002
4.8247e+002
2.5992e+002
2.5992e+002
2.3548e+002
2.3548e+002
2.1106e+002
2.1106e+002
1.9636e+002
1.9636e+002
1.3395e+002
1.3395e+002

1.1780e+001
1.1780e+001
1.0824e+001
1.0824e+001
8.6730e+000
.6730e+000
.1055e+000
.1055e+000
.5064e+000
.5064e+000
.1968e+000
.1968e+000
.7626e+000
.7626e+000

PRWWwWwWwIdo

3.6853e+0021
3.6853e+0021
2.5902e+0021
2.5902e+0021
2.3527e+0021
2.3527e+0021
2.1052e+0021
2.1052e+0021
1.9487e+0021
1.9487e+0021
1.3254e+0021
1.3254e+0021
1.0962e+0021
1.0962e+0021
9.5703e+0011
9.5703e+0011

8.4268e+0011
8.4268e+0011
7.0832e+0011
7.0832e+0011
6.5483e+0011
6.5483e+0011
4.8927e+0011i

4.8927e+0011i .

5.0486e+0011
5.0486e+0011
1.6901e+0011
1.6901e+0011i
2.0829e+0011
2.0829e+0011
1.9711e+0011
1.9711e+0011

HZ

.6788e+001
.6788e+001
.1368e+001
.1368e+001
.7478e+001
.7478e+001
.3591e+001
.3591e+001
.1252e+001
.1252e+001
.1318e+001
.1318e+001

N WWWWWWA BRI




.0972e+002
.0972e+002
.0138e+002
.0138e+002
.0594e+001
.4765e+001
.4765e+001
.0963e+001
.0963e+001
.5982e+001
.5982e+001
.1813e+001
.1813e+001
.0604e+001
.0604e+001
.9283e+001
.9283e+001
.1063e+001
2.1063e+001
1.9715e+001
1.9715e+001
4.0870e+000

NEHEERERUOUULTOIO O 00 00

1.7463e+001
1.7463e+001
1.6136e+001
1.6136e+001
1.2827e+001
1.3491e+001
1.3491e+001
1.1294e+001
1.1294e+001
1.0501e+001
1.0501e+001
8.2464e+000
8.2464e+000
8.0539e+000
8.0539e+000
3.0690e+000
3.0690e+000
3.3522e+000
3.3522e+000
3.1377e+000
3.1377e+000
6.5047e-001

Frequency response for OUTPUT 1 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.

»




» zoomtfr

onr (output nr for freqg. resp)=1

ml (gain magnitude low limit in dB)=-140

mh{gain magnitude high limit in dB)=-60

fl(freqg. range low limit in rad/s)=10

fh(freq. range high limit in rad/s)}=300

phl (phase low limit in deg)=-800

phh (phase high limit in deg)=150

np (number of points between f£1 and fh)=500
Frequency response for QUTPUT 1 is now displayed
in the Figure Window.

If you want to obtain zoomed frequency response for more than one

output,
run zoomtfr.m again or idss2tfr for full frequency response
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Frequency Response for OUTPUT2
» idss2tfr
onr (output nr for freq. resp)=2

IDENTIFIED SYSTEM ZEROS RELATED TC THE OUTPUT 2

ZER =
-2.6174e+003
-1.2341e+001+
-1.2341e+001-
1.0418e+001+
1.0418e+001-
-1.6485e+001+
-1.6485e+001-
-8.2401e+001+
-8.2401e+001-
-1.0711e+001+
-1.0711le+001-
-1.8520e+001+
-1.8520e+001-
-8.4336e+000+
-8.4336e+000~
-1.4731e+001+
-1.4731e+001-
1.9232e+001+
1.9232e+001-
~-5.3977e+000+
-5.3977e+000-
-9.6572e+000+
-9.6572e+000~-
-1.5775e+001+
-1.5775e+001-
-7.9047e+000+
~-7.9047e+000-
-4.3748e+001
-2.9186e+001
-9.4025e-001+
-9.4025e-001-
~1.0835e+000+
-1.0835e+000-
7.7912e+000

2.7388e+0021
2.7388e+0021i
2.2446e+0024
2.2446e+0021
2.1824e+0021
2.1824e+0021
1.9214e+0021
1.9214e+0021
1.9806e+0021
1.89806e+0021
1.3659e+0021
1.365%e+0021
1.1433e+0021
1.1433e+0021
9.3537e+0011
9.3537e+0011
7.6348e+0011
7.6348e+0011
7.1150e+0011
7.1150e+0011
7.1180e+00141
7.1180e+0011
5.8270e+0011
5.8270e+0011
5.1083e+0011
5.1083e+0011

2.0152e+0011
2.0152e+0011
1.9301e+0011
1.9301e+0013




rad/s

zfr =

2.6174e+003
2.7415e+002
2.7415e+002
2.2470e+002
2.2470e+002
2.1886e+002
2.1886e+002
2.0906e+002
2.0906e+002
1.9835e+002
1.9835e+002
1.3784e+002
1.3784e+002
1.1464e+002
1.1464e+002
9.4690e+001
9.4690e+001
7.8734e+001
7.8734e+001
7.1355e+001
7.1355e+001
7.1832e+001
7.1832e+001
6.0368e+001
6.0368e+001
5.1691e+001
5.1691e+001
4.3748e+001
2.9186e+001
2.0174e+001
2.0174e+001
1.9331e+001
1.9331e+001
7.7912e+000

Hz

4.1656e+002
4.3633e+001
4.3633e+001
3.5762e+001
3.5762e+001
3.4833e+001
3.4833e+001
3.3273e+001
3.3273e+001
3.1568e+001
3.1568e+001
2.1937e+001
2.1937e+001
1.8245e+001
1.8245e+001
1.5070e+001
1.5070e+001
1.2531e+001
1.2531e+001
1.1356e+001
1.1356e+001
1.1432e+001
1.1432e+001
9.6078e+000
9.6078e+000
8.2269e+000
8.2269%9e+000
6.9626e+000
4.6452e+000
3.2107e+000
3.2107e+000
3.0766e+000
3.0766e+000
1.2400e+000

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 2 is now displaved

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.’
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Frequency Response for OUTPUT3

» idss2tfr
onr (output nr for freq. resp)=3

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 3
ZER =

7.5891e+002

2.8696e+002

1.4603e+000+
1.4603e+000-
1.1523e+001+
1.1523e+001-
1.0763e+002+
1.0763e+002~-

2.6710e+0021
2.6710e+0021
2.5393e+0021
2.5393e+0021
2.0263e+0021
2.0263e+0021

-2.0804e+002
-1.0575e+001+
-1.0575e+001-
-1.1272e+001+
-1.1272e+001-
-2.0700e+001+
-2.0700e+001-
-8.9599%9e+000+
—-8.9599%e+000-
2.2682e+001+
2.2682e+001-
-1.8041e+001+
-1.8041e+001-
-5.4790e+000+
-5.4790e+000-
~-5.9907e+001
~2.2087e+001+
-2.2087e+001-
-7.2497e+000+
~7.2497e+000-
2.5924e+001
-9.5909%e-001+
-9.590%9e-001-
-2.0852e+001+
-2.0852e+001~
8.1220e+000

2.1417e+0021
2.1417e+0021
1.9676e+0021
1.9676e+0021
1.4652e+0021
1.4652e+0021
1.1374e+0021
1.1374e+0021
7.960%e+0011
7.960%e+0011
8.7458e+0011
8.7458e+0011
7.089%4e+0011
7.0894e+0011

5.2077e+0011
5.2077e+0011
5.1601e+0011
5.1601e+0011

1.9754e+0011
1.9754e+0011
5.0281e+0001
5.0281e+0001




IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

rad/s

zfr =

.5891e+002
.8696e+002
.6710e+002
.6710e+002
.541%e+002
.5419%e+002
.2944e+002
.2944e+002
.0804e+002
.1443e+002
.1443e+002
.9708e+002
.9708e+002
.4797e+002
.4797e+002
.1409e+002
.1409e+002
.2778e+001
.2778e+001
.9300e+001
.9300e+001
.1106e+001
.1106e+001
5.9907e+001
5.6568e+001
5.6568e+001
5.2108e+001
5.2108e+001
2.5924e+001
1.9777e+001
1.9777e+001
2.1450e+001
2.1450e+001
8.1220e+000

NNOOOORRFHRERERDODDDODODNNDNNDNS

Hz

1.2078e+002
4.5672e+001
4.2510e+001
4.2510e+001
4.0456e+001
4.0456e+001
3.6516e+001
3.6516e+001
3.3110e+001
3.4127e+001
3.4127e+001
3.1367e+001
3.1367e+001
2.3551e+001
2.3551e+001

©1.8158e+001

1.8158e+001
1.3174e+001
1.3174e+001
1.4212e+001
1.4212e+001
1.1317e+001
1.1317e+001
9.5345e+000
9.0030e+000
9.0030e+000
8.2933e+000
8.2933e+000
4.1260e+000
3.1476e+000
3.1476e+000
3.4138e+000
3.4138e+000
1.2927e+000

Frequency response for OUTPUT 3 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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Frequency Response for OUTPUT4
» idss2tfr
onr (output nr for freg. resp)=4

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 4

ZER =

8.1057e+000

3.2648e+002+ 7.4147e+0021
3.2648e+002- 7.4147e+0021
-4.3054e+000+ 2.6499%e+0021
-4.3054e+000- 2.6499e+0021
-2.2386e+002
6.5682e+000+ 2.3892e+002i
6.5682e+000- 2.3892e+0021
6.1552e+001+ 2.1705e+0021
6.1552e+001- 2.1705e+0021
-8.6420e+000+ 2.0770e+0021
~-8.6420e+000- 2.0770e+0021
~1.0471e+001+ 1.9124e+0021
-1.0471e+001- 1.9124e+0021
-2.5244e+001+ 1.3929e+0021
-2.5244e+001~ 1.392%e+0021
~8.6886e+000+ 1.1381le+0021
-8.6886e+000- 1.1381e+0021
-1.6276e+001+ 8.9446e+0011
~-1.6276e+001- 8.9446e+0011
2.2575e+001+ 7.9737e+0011
2.2575e+001~- 7.9737e+0011
© -5.6020e+000+ 7.0779e+0014i
~5.6020e+000- 7.077%e+0011
-5.8216e+001
~1.7071e+001+ 5.3976e+0011
-1.7071e+001- 5.3976e+0011
~7.9943e+000+ 5.1146e+0011
-7.9943e+000- 5.1146e+0011
2.8087e+001
-9.3736e-001+ 1.8874e+0011
~9.3736e-001- 1.8874e+0011
-2.2710e+001+ 5.0450e+0001
-2.2710e+001~ 5.0450e+0001




zfr =

8.1017e+002
8.1017e+002
2.6502e+002
2.6502e+002
2.2386e+002
2.3901e+002
2.3901e+002
2.2561le+002
2.2561e+002
2.0788e+002
2.0788e+002
1.9152e+002
1.9152e+002
1.4156e+002
1.4156e+002
1.1414e+002
1.1414e+002
9.0915e+001
9.0915e+001
8.2872e+001
8.2872e+001
7.1000e+001
7.1000e+001
5.8216e+001
5.6611e+001
5.6611e+001
5.1767e+001
5.1767e+001
2.8087e+001
1.8897e+001
1.8897e+001
2.3264e+001
2.3264e+001
8.1057e+000

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz
rad/s

Hz

1.2894e+002
1.2894e+002
4.2180e+001
4.2180e+001
3.5628e+001
3.8040e+001
3.8040e+001
3.5906e+001

" 3.5906e+001

3.3085e+001
3.3085e+001
3.0482e+001
3.0482e+001
2.2530e+001
2.2530e+001
1.8166e+001
1.8166e+001
1.4470e+001
1.4470e+001
1.318%e+001
1.3189e+001
1.1300e+001
1.1300e+001
9.2653e+000
$.0099e+000
9.0099%e+000
8.2389e+000
8.2389e+000
4.4702e+000
3.0076e+000
3.0076e+000
3.7026e+000
3.7026e+000
1.2801e+000

Frequency response for OUTPUT 4 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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Frequency Response for OUTPUT5
» idss2tfr
onr (output nr for freg. resp)=5

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 5

ZER =

3.1138e+002+ 7.3139e+002i
3.1138e+002- 7.3139%e+0021
1.7256e+002+ 2.6333e+0021
1.7256e+002- 2.6333e+0021
-1.1744e+001+ 2.7323e+0021
~1.1744e+001- 2.7323e+0021
1.5232e+001+ 2.4587e+0021
1.5232e+001- 2.4587e+0021
-2.2151e+001+ 2.1109e+0021i
-2.2151e+001- 2.1109e+00241
-1.3711e+001+ 2.0332e+002i
-1.3711e+001- 2.0332e+0021
-2.4112e+001+ 1.3878e+0021
-2.4112e+001- 1.3878e+0021
-8.6616e+000+ 1.1365e+0021
-8.6616e+000- 1.1365e+002i
2.2560e+001+ 7.9975e+0011
2.2560e+001- 7.9975e+0011
-1.5403e+001+ 8.9067e+0011
-1.5403e+001- 8.9067e+0011
-8.2425e+001
-5.6941e+000+ 7.0755e+0011
-5.6941e+000- 7.0755e+0011
-5.6381e+001
~1.9395e+001+ 5.5410e+0011
-1.9395e+001- 5.5410e+0011
~-7.2428e+000+ 5.1936e+0011
~7.2428e+000~- 5.1936e+0011
-4.0660e+001

2.8723e+001
-9.3365e-001+ 1.8879e+0011
-9.3365%5e~001- 1.8879e+0011
-1.8939%e+001

8.0058e+000




rad/s

zfr =

7.9491e+002
7.9491e+002
3.1483e+002
3.1483e+002
2.7348e+002
2.7348e+002
2.4634e+002
2.4634e+002
2.1225e+002
2.1225e+002
2.0378e+002
2.0378e+002
1.4086e+002
1.4086e+002
1.1398e+002
1.1398e+002
8.3096e+001
8.3096e+001
9.0389e+001
9.0389%e+001
8.2425e+001
7.0984e+001
7.0984e+001
5.6381e+001
5.8707e+001
5.8707e+001
5.2438e+001
5.2438e+001
4.0660e+001
2.8723e+001
1.8902e+001
1.8902e+001
1.893%e+001
8.0058e+000

Hz

1.2651e+002
1.2651e+002
5.0107e+001
5.0107e+001
4.3526e+001
4.3526e+001
3.9206e+001
3.9206e+001
3.3781e+001
3.3781le+001
3.2432e+001
3.2432e+001
2.241%e+001
2.241%e+001
1.8141e+001
1.8141e+001
1.3225e+001
1.3225e+001
1.4386e+001
1.4386e+001
1.3118e+001
1.1297e+001
1.1297e+001
8.9733e+000
§.3434e+000
9.3434e+000
8.3458e+000
8.3458e+000
6.4712e+000
4.5714e+000
3.0083e+000
3.0083e+000
3.0142e+000
1.2742e+000

IDENTIFIED ZERC FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 5 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.

B-20




FREQUENCY RESPONSE FOR OUTPUT 5
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Identification Procedure and Results for the Data File ib20104r.dat

Loading the Data File
» load ib20104r
» whos
Name Size Elements Bytes Density
T 1byl 1 8 Full
u 4092 by 1 4092 32736 Full
v 4092 by 5 20460 163680 Full

Identification of Observer/KaIman Filter Model

» fiokuy

m(number of outputs)=5

Declare p - number of observer Markov parameters.
Maximum order of the system to be identified is p*m
p(number of observer Markov parameters)=12

Degsired Model Order (O=stop)=: 30
Model Describes 100 (%) of Test Data

2.0110e+000
2.0110e+000
1.1918e+000
1.1918e+000

3.3133e+000
3.3133e+000
3.0596e+000
3.0596e+000

1.0000e+000
1.0000e+000
6.7188e-001
6.7188e~001

Damping (%) Freq(HZ) Mode SV MAC
1.0000e+002 1.4745e+001 2.1724e-001 9.9929%e-001
1.8942e+001 4.0083e+001 3.1728e~001 9.9963e-001
1.8942e+001 4.0083e+001 3.1728e-001 9.9963e-001
1.3800e+001 5.0483e+001 2.460%9e-001 9.9920e-001
1.5608e+001 2.0762e+001 1.9390e-001 9.8982e-001
1.5608e+001 2.0762e+001 1.9390e-001 9.9982e-001
1.6414e+001 1.5807e+001 1.0165e-001 9.9817e-001
1.6414e+001 1.5807e+001 1.0165e-001 9.9817e-001
8.0203e+000 3.2044e+001 2.7158e~-001 9.9980e-001
8.0203e+000 3.2044e+001 2.7158e-001 9.9980e-001
5.5707e+000 4.2917e+001 2.9442e-001 9.9996e-001
5.5707e+000 4.2917e+001 2.9442e~001 9.99%6e-001
7.2870e+000 3.0458e+001 2.3884e-~001 9.9977e-001
7.2870e+000 3.0458e+001 2.3884e-001 9.9977e-001
1.5073e+001 7.7833e+000 1.0767e-001 9.9975e-001
1.5073e+001 7.7833e+000 1.0767e-~001 9.9975e-001
7.7992e+000 1.2613e+001 1.6495e~001 9.9995e-001
7.7992e+000 1.2613e+001 1.6495e~001 9.9995e~001
8.8970e+000 9.1552e+000 1.8456e-001 9.9997e-001
8.8970e+000 9.1552e+000 1.8456e~001 9.9997e-001
4.9055e+000 1.1080e+001 2.039%e-001 9.9999%e-001
4.9055e+000 1.1080e+001 2.039%e-001 9.9999%e-001
1.2975e+001 3.5770e+000 4.6358e~001 1.0000e+000
1.2975e+001 3.5770e+000 4.6358e-~-001 1.0000e+000

"1.6083e+001 1.8311le+000 2.9303e-001 1.0000e+000
1.6083e+001 1.8311e+000 2.9303e-001 1.0000e+000

1.0000e+000C
1.0000e+000
1.0000e+000
1.0000e+000

Desired Model Order (O=stop)=: 0

the Figure Window
as Af, Bf, Cf, Df

Identification error is now displayed in
Identified system matrices are available
Observer gain matrix is available as G
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Frequency Response for OUTPUT1
» idss2tfr
onr (output nr for freq. resp)=1

IDENTIFIED SYSTEM EIGENVALUES

rl
-1
-1
-4
-4
-1
~1
-1
-1
-2
-2
-9

-1.

-2
-2
-1
-1

IDENTIFIED MODAL FREQUENCIES IN rad/s AND Hz

fr

.5022e+001+
.5022e+001-
.7704e+001+
.7704e+001~
.6148e+001+
.6148e+001-
.3945e+001+
.3945e+001-
.0361e+001+
.0361le+001-
.2648e+001

6302e+001+
.6302e+001-
.1808e+000+
.1808e+000-
.4152e+000+
.4152e+000-
.1179e+000+
.1179e+000-
.3774e+001

.3712e+000+
.3712e+000-
.9162e+000+
.9162e+000~
.1865e-001+
.1865e-001-
.2910e-001+
.2910e-001-
.8504e+000+
.8504e+000-

rad/s
2.6965e+002
2.6965e+002
2.5185e+002
2.5185e+002
2.0134e+002
2.0134e+002
1.9137e+002
1.9137e+002
1.3045e+002
1.3045e+002
9.2648e+001
9.9317e+001
9.9317e+001
7.9248e+001
7.9248e+001
6.9620e+001
6.9620e+001
5.7524e+001
5.7524e+001
4.3774e+001
4.8904e+001
4.8904e+001
2.2475e+001

2.6924e+0021
2.6924e+0021
2.4729%9e+0021
2.4729%e+0021
2.0069%e+0021
2.0069e+0021
1.9087e+0021
1.9087e+0021
1.2885e+0021
1.2885e+0021

9.7970e+0011
9.7970e+0011
7.9007e+0011
7.9007e+0011
6.9536e+0011
6.9536e+0011
5.7296e+00141
5.7296e+0011

4.8345e+0011
4.8345e+00141
2.2285e+0011
2.2285e+0011
2.0814e+0011
2.0814e+0011
1.9222e+0011
1.9222e+0011
1.1355e+0011
1.1355e+0011

Hz

.2917e+001
.2917e+001
.0083e+001
.0083e+001
.2044e+001
.2044e+001
.0458e+001
.0458e+001
.0762e+001
.0762e+001
.4745e+001
.5807e+001
.5807e+001
.2613e+001
.2613e+001
.1080e+001
.1080e+001
.1552e+000
.1552e+000
.9669e+000
.7833e+000
.7833e+000
.5770e+000

WO WORRRERRPRPRPRENMNDWWWWE PSS
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.247%e+001
.0818e+001
.0818e+001
.9224e+001
.9224e+001
.1505e+001
.1505e+001

PR WWWWwW

.5770e+000
.3133e+000
.3133e+000
.0596e+000
.0596e+000
.8311e+000
.8311e+000




FREQUENCY RESPONSE FOR OUTPUT 1
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Frequency Response for OUTPUT2

» idss2tfr

onr (output nr for freq. resp)=2
IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 2

ZER =

-4.
-1.
-1.
-1.
~1.
-1.

3989e+003

7684e+001+
7684e+001-
1495e+001+
1495e+001-
0905e+001+

.0905e+001-
.1214e+001+
.1214e+001-
.4989e+001+
.498%e+001~
.2103e+001+
.2103e+001~
.3091e+001+
.3091e+001-
.6466e+000+
.6466e+000-
.0888e+001+
.0888e+001-
.6872e+001+
.6872e+001-
.0618e+001+
.0618e+001-
.9884e+001

.8308e-001+
.8308e-001-

[l ol VUMDYV ORRRERREEREDNDNDND

.6669%9e+0024i
.666%9e+0021
.1631e+0021
.1631e+0021
.9932e+0021
.9932e+0021
.3386e+0021
.3386e+0021
.1751e+0021
.1751e+0021
.4885e+0011
.4885e+0011
.6506e+0011
.6506e+0011
.0766e+0011
.0766e+0011
.4469e+0011
.446%e+0011
.2591e+0011
.2591e+0011
.0714e+0011
.0714e+0011

.9410e+0011
.9410e+0011

-6.9468e~-001+

-6.9468e-001-

-6.4927e+000
2.5081e+000

1.8881e+0011
1.8881e+0011




rad/s

zfr =

4.398%e+003
2.6728e+002
2.6728e+002
2.1661e+002
2.1661e+002
1.9962e+002
1.9962e+002
1.5162e+002
1.5162e+002

1.2013e+002:

1.2013e+002
8.5743e+001
8.5743e+001
8.7491e+001
8.7491e+001
7.1178e+001
7.1178e+001
4.7651e+001
4.7651e+001
5.5232e+001
5.5232e+001
5.1814e+001
5.1814e+001
3.9884e+001
1.9430e+001
1.9430e+001
1.8893e+001
1.8893e+001
6.4927e+000
2.5081e+000

Hz

7.0010e+002
4.253%e+001
4.253%e+001
3.4475e+001
3.4475e+001
3.1770e+001
3.1770e+001
2.4131e+001
2.4131e+001
1.9120e+001
1.9120e+001
1.3646e+001
1.3646e+001
1.3925e+001
1.3925e+001
1.1328e+001
1.1328e+001
7.5839%e+000
7.5839e+000
8.7904e+000
8.7904e+000
8.2464e+000
8.2464e+000
6.3477e+000
3.0824e+000
3.0924e+000
3.0070e+000
3.0070e+000
1.0333e+000
3.9917e-001

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 2 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look .
at a specified frequency range.
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Frequency Response for OUTPUT3

» idss2tfr
onr (output nr for freqg. resp)=3

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 3

ZER =
8.6326e+002
-6.4073e+000+
-6.4073e+000-
-1.9152e+002
~1.1353e+001+
~1.1353e+001-
2.6660e+001+
2.6660e+001-
-1.8334e+001+
-1.8334e+001-
1.0484e+002
6.7411e+001+
6.7411e+001-
-2.0537e+001+
-2.0537e+001-
-1.1376e+001+
-1.1376e+001-~
2.6052e+001+
2.6052e+001-
-4.3307e+001
-1.0481e+001+
~1.0481e+001-
-1.5555e+001+
-1.5555e+001-
-8.4695e-001+
~8.4695e-001-
-1.1740e+001
7.9073e+000
~7.7936e~001+
-7.7936e-001-

2.6398e+0021
2.6398e+0021

2.0606e+0021
2.0606e+0024i
1.7390e+0021
1.7390e+0024
1.6454e+0021
1.6454e+0021

9.0721e+0011
9.0721e+0011
1.1221e+0021
1.1221e+0021
7.9930e+0011
7.9930e+0011
6.6865e+0011
6.6865e+0011

5.2750e+0011
5.2750e+0011
4.6278e+0011
4.6278e+00141
1.9186e+0011
1.9186e+0011i

5.1476e-0011
5.1476e-0011
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IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

rad/s Hz
zfr =
8.6326e+002 1.3739e+002
2.6406e+002 4.2026e+001
2.6406e+002 4.2026e+001
1.9152e+002 3.0481le+001
2.0637e+002 3.2845e+001
2.0637e+002 3.2845e+001
1.7593e+002 2.8001e+001
1.7593e+002 2.8001e+001
1.6556e+002 2.6350e+001
1.6556e+002 2.6350e+001
1.0484e+002 1.6686e+001
1.1302e+002 1.7988e+001
1.1302e+002 1.7988e+001
1.1407e+002 1.8155e+001
1.1407e+002 1.8155e+001
8.0735e+001 1.2849e+001
8.0735e+001 1.284S%e+001
7.1761e+001 1.1421e+001
7.1761le+001 1.1421e+001
4.3307e+001 6.8926e+000
5.3781e+001 8.5596e+000
5.3781e+001 8.5596e+000
4.8823e+001 7.7704e+000
4.8823e+001 7.7704e+000
1.9204e+001 3.0565e+000
1.9204e+001 3.0565e+000
1.1740e+001 1.8685e+000
7.9073e+000 1.2585e+000
9.3401e-001 1.4865e-001
9.3401e-001 1.4865e-001

Frequency response for OUTPUT 3 1s now displayed

in the Figure Window.

If vou want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 3
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Frequency Response for OUTPUT4 (Collocation Case)

» idss2tfr
onr (output nr for freqg. resp)=4

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 4

ZER =

-2
-3
-3

.3327e+003

.5061e+000+
.5061e+000-
.1002e+000+
.1002e+000-
.4626e+001+
.4626e+001-
.0159e+001+
.0159e+001-
.0888e+001+
.0888e+001-
.4382e+000+
.4382e+000-
.2426e+001+
.2426e+001-
.3846e+000+
.3846e+000~
.1739e+000+
.1739%e+000-
.7442e+000+
.7442e+000-
.5653e+001+
.5653e+001-
.9731e-001+
.9731e-001-
.6275e~001+
.6275e-001-
.8440e-001+
.8440e-001-
.7452e+000

HREERNOOERADONIIIJ00RRPERERERRNDDND

.8603e+0021
.8603e+0021
.2528e+0021
.2528e+0021
.9473e+0021
.9473e+00241
.4704e+00241
.4704e+0021
.0021e+0021
.0021e+00241
.0667e+0011
.0667e+0011
.7991e+0011
.7991e+0011
.0589%e+0011
.058%e+0011
.4022e+0011
.4022e+0011
.4793e+0011
.4793e+0011
.3899e+0011
.3899e+0011
.0636e+0011
.0636e+0011
.9247e+0011
.9247e+0011
.1182e+0011
.1182e+0011




rad/s

zfr =

2.3327e+003
2.8605e+002
2.8605e+002
2.2536e+002
2.2536e+002
1.9528e+002
1.9528e+002
1.5010e+002
1.5010e+002
1.0080e+002
1.0080e+002
8.0924e+001
8.0924e+001
8.1151e+001
8.1151e+001
7.0877e+001
7.0877e+001
5.4269e+001
5.4269e+001
4.5639e+001
4.5639e+001
2.9176e+001
2.9176e+001
2.0656e+001
2.0656e+001
1.9262e+001
1.9262e+001
1.1217e+001
1.1217e+001
2.7452e+000

Hz

3.7126e+002
4.5527e+001
4.5527e+001
3.5868e+001
3.5868e+001
3.107%e+001
-3.1079%e+001
2.3889%e+001
2.3889%e+001
1.6043e+001
1.6043e+001
1.287%e+001
1.287%e+001
1.2916e+001
1.2916e+001
1.1280e+001
1.1280e+001
8.6372e+000
8.6372e+000
7.2637e+000
7.2637e+000
4.6435e+000
4.6435e+000
3.2875e+000
3.2875e+000
3.0657e+000
3.0657e+000
1.7852e+000
1.7852e+000
4.3692e-001

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 4 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss$2tfr.m again and/or run zoomtfr.m to loock

at a specified fregquency range.
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FREQUENCY RESPONSE FOR OUTPUT 4
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Frequency Response for OUTPUTS

» idss2tfr
onr (output nr for freqg. resp)=5

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 5

ZER =
4.4886e+003

-1.1472e+001+ 2.6860e+002i
-1.1472e+001- 2.6860e+0021i
-1.9495e+002
~1.1341e+001+ 2.1284e+0021
-1.1341e+001- 2.1284e+0021i
-3.0163e-001+ 1.930%e+0021
-3.0163e-001- 1.9309e+0021
~1.6254e+001+ 1.5784e+0021
-1.6254e+001- 1.5784e+0021
-2.0109e+001+ 1.1315e+0021
-2.0109e+001- 1.1315e+0021
2.6227e+001+ 9.5138e+0011
2.6227e+001- 9.5138e+0011
~1.1433e+001+ 7.9941e+0011
-1.1433e+001- 7.9%41e+0011
2.4203e+001+ 6.1282e+0011
2.4203e+001- 6.1282e+0011
5.1902e+001
-4.4726e+001
-1.0198e+001+ 5.2411e+0011
-1.0198e+001~ 5.2411le+0011i
-1.5897e+001+ 4.5588e+0011
-1.5897e+001- 4.5588e+0011i
-8.6748e-001+ 1.9478e+0011
-8.6748e-001- 1.9478e+0011
1.6752e+000+ 5.6820e+0001
1.6752&+000~ 5.6820e+0001
-3.8205e+000+ 3.4133e+0001
-3.8205e+000- 3.4133e+0001
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1.9498e+001

rad/s Hz
zfr =
4.4886e+003 7.1439e+002
2.6884e+002 4.2787e+001
2.6884e+002 4.2787e+001
1.9495e+002 3.1027e+001
2.1315e+002 3.3923e+001
2.1315e+002 3.3923e+001
1.9309e+002 3.0732e+001
1.9309e+002 3.0732e+001
1.5867e+002 2.5253e+001
1.5867e+002 2.5253e+001
1.1492e+002 1.8290e+001
1.1492e+002 1.8290e+001
9.8687e+001 1.5707e+001
9.8687e+001 1.5707e+001
8.0755e+001 1.2852e+001
8.0755e+001 1.2852e+001
6.5888e+001 1.0486e+001
6.5888e+001 1.0486e+001
5.1902e+001 8.2605e+000
4.4726e+001 7.1184e+000
5.3394e+001 8.4978e+000
5.3394e+001 8.4978e+000
4.8281e+001 7.6841e+000
4.8281e+001 7.6841e+000
1.9498e+001 3.1031e+000

3.1031e+000

5.9238e+000 9.4281e-001
5.9238e+000 9.4281e-001
5.1232e+000 8.1538e-001
5.1232e+000 8.1538e~001

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 5 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 5
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Identification Procedure and Results for the Data File ib10104r.dat

Identification of Observer/Kalman Filter Model

» load ibl10104r
» fiokuy

m(number of outputs)=5
Declare p ~ number of observer Markov parameters.
Maximum order of the system to be identified is p*m

p(number of observer Markov parameters)=12

Desired Model Order (O=stop)=: 28
Model Describes 100 (%) of Test Data

Damping (%) Freg(HZ) Mode SV MAC

2.8274e+001 3.9851e+001 3.0830e-001 9.9959e-001
2.8274e+001 3.9851e+001 3.0830e-001 9.9959e-001
5.4724e+001 1.2721e+001 1.5271e-001 9.991%e-001
5.4724e+001 1.2721e+001 1.5271e-001 9.991%e-001
9.8672e+000 3.6673e+001 2.1204e-001 9.9968e-001
9.8672e+000 3.6673e+001 2.1204e-001 9.9968e-001
1.0637e+001 3.1810e+001 2.9588e-001 9.9995e-001
1.0637e+001 3.1810e+001 2.9588e-001 9.9995e-001
1.8130e+001 1.8616e+001 3.3936e-001 9.9985e-001
1.8130e+001 1.8616e+001 3.3936e-001 9.9985e-001
1.4693e+001 1.9398e+001 3.4901e-001 9.9991e-001
1.4693e+001 1.9398e+001 3.4901e-001 9.9991e-001
6.0528e+000 4.3301e+001 3.298%e-001 9.999S%e-001
6.0528e+000 4.3301e+001 3.298%e-001 9.9999e-001
6.7645e+000 2.8843e+001 2.0270e-001 9.9996e-001
6.7645e+000 2.8843e+001 2.0270e-001 9.9996e-001
1.6413e+001 9.0099e+000 1.9068e-001 9.9999%9e-001
1.6413e+001 9.0099e+000 1.92068e-001 9.9999e-001
6.5578e+000 1.2113e+001 2.1183e-001 9.9999e-001
6.5578e+000 1.2113e+001 2.1183e-001 9.999%e-001
4.6549e+000 1.1015e+001 2.3612e-001 1.0000e+000
4.6549e+000 1.1015e+001 2.3612e-001 1.0000e+000
1.6590e+001 1.8538e+000 3.6815e-001 1.0000e+000
1.6590e+001 1.8538e+000 3.6815e-001 1.0000e+000
7.2762e+000 3.4991e+000 6.2200e-001 1.0000e+000
7.2762e+000 3.4991e+000 6.2200e-001 1.0000e+000
1.9371e+000 3.2224e+000 1.0000e+000 1.0000e+000
1.9371e+000 3. 1.0000e+000 1.0000e+000

2224e+000

ENTER to continue.

Identification error is now displayed in
Identified system matrices are available

Observer gain matrix is available as G

»

B -39

the Figure Window
as Af, Bf, Cf, Df
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Frequency Response for OUTPUT1

» idss2tfr

onr (output nr for freq. resp)=1
IDENTIFIED SYSTEM EIGENVALUES
rl =
~-1.6468e+001+ 2.7157e+0021
-1.6468e+001~ 2.7157e+0021i
~7.0797e+001+ 2.4017e+0021
~7.0797e+001- 2.4017e+0021
-2.2736e+001+ 2.2930e+0021
-2.2736e+001- 2.2930e+0021
~-2.1261e+001+ 1.9874e+0021
-2.1261e+001- 1.9874e+0021
-1.2259%9e+001+ 1.808le+0021
-1.2259e+001- 1.8081le+0021
-1.7908e+001+ 1.2056e+0021
~1.7908e+001- 1.2056e+0021
-2.1207e+001+ 1.1503e+0021
-2.1207e+001- 1.1503e+0021
-4.3739e+001+ 6.6898e+0011
.3739e+001~ 6.6898e+0011
.9911e+000+ 7.5946e+0011
.9911e+000- 7.5946e+0011
.2215e+000+ 6.9132e+0011
2215e+000- 6.9132e+0011
.2913e+000+ 5.5843e+0011
.2913e+000- 5.5843e+0011
.5997e+000+ 2.1927e+0011
.5997e+000- 2.1927e+0011
.9220e-001+ 2.0243e+0011
.9220e-001- 2.0243e+0011
.9324e+000+ 1.1486e+0011
.9324e+000- 1.1486e+0011




IDENTIFIED MODAL

rad/s

fr =

2.7207e+002
2.7207e+002
2.5039e+002
2.5039e+002
2.3043e+002
2.3043e+002
1.9987e+002
1.9987e+002
1.8123e+002
1.8123e+002
1.2188e+002
1.2188e+002
1.1697e+002
1.1697e+002
7.9928e+001
7.9928e+001
7.6109e+001
7.6109e+001
6.9207e+001
6.9207e+001
5.6611e+001
5.6611e+001
2.1985e+001
2.1985e+001
2.0247e+001
2.0247e+001
1.1648e+001
1.1648e+001

Hz

.3301e+001
.3301e+001
.9851e+001
.9851e+001
.6673e+001
.6673e+001
.1810e+001
.1810e+001
.8843e+001
.8843e+001
.9398e+001
.9398e+001
.8616e+001
.8616e+001
.2721e+001
.2721e+001
.2113e+001
.2113e+001
.1015e+001
.1015e+001
.0089e+000
.009%e+000
.4991e+000
.4991e+000
3.2224e+000
3.2224e+000
1.8538e+000
1.8538e+000

L
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FREQUENCIES IN rad/s AND Hz
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IDENTIFIED SYSTEM ZEROS RELATED T0O THE OUTPUT 1
ZER =

2.4246e+002+ 1.5013e+0021
2.4246e+002- 1.5013e+0021i
-1.3965e+001+ 2.6568e+0021
-1.3965e+001- 2.6568e+0021
-1.4512e+001+ 2.3797e+0021
-1.4512e+001- 2.3797e+0021
~1.6336e+001+ 1.9955e+0021i
~1.6336e+001~ 1.9955e+0021
-3.2130e+001+ 1.6650e+0021i
-3.2130e+001- 1.6650e+0021
-1.2605e+002

9.4994e+001

3.1697e+001+ 1.1283e+0021

3.1697e+001- 1.1283e+0021
-1.0634e+001+ 1.1823e+0021
-1.0634e+001- 1.1823e+0021

4.3638e+001+ 5.4064e+0011

4.3638e+001- 5.4064e+0011
-2.3595e+001+ 7.3714e+0011
-2.3595e+001~- 7.3714e+0011
-5.7020e+000+ 7.0914e+0011
-5.7020e+000- 7.0914e+0011
-3.6043e+001+ 2.7636e+0011
-3.6043e+001- .7636e+0011
-7.2045e~-001+ 1.9744e+0011
-7.2045e-001- .9744e+0011
-2.3162e+001

2.4051e+000

[l i SO NI EEN EEN BN RS, G el S




rad/s

zfr =

2.8518e+002
2.8518e+002
2.6604e+002
2.6604e+002
2.3842e+002
2.3842e+002
2.0022e+002
2.0022e+002
1.6957e+002
1.6957e+002
1.2605e+002
9.4994e+001
1.1720e+002
1.1720e+002
1.1871e+002
1.1871e+002
6.9478e+001
6.9478e+001
7.7398e+001
7.7398e+001
7.1143e+001
7.1143e+001
4.5419%e+001
4.5419%e+001
1.9757e+001
1.9757e+001
2.3162e+001
2.4051e+000

Hz

4.5388e+001

4.5388e+001

4.2342e+001

4.2342e+001

3.7945e+001

3.7945e+001
3.1866e+001

3.1866e+001

2.6988e+001
.6988e+001
.0061e+001
.5119e+001
.8653e+001
.8653e+001
.8893e+001
.8893e+001
.1058e+001
.1058e+001
.2318e+001
.2318e+001
.1323e+001
.1323e+001
7.2286e+000
7.2286e+000
3.1444e+000
3.1444e+000
3.6864e+000
3.8279%e-001

PHERBRERPRPERR RN

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 1 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 1
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Frequency Response for OUTPUT2

» idss2tfr
onr (output nr for freqg. resp)=2

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 2
ZER =

5.8626e+002
2.8096e+002

-1.2240e+001+ 2.6729e+0021
-1.2240e+001- 2.672%e+0021
-1.2796e+001+ 2.3676e+0021
~1.2796e+001- 2.3676e+0021
-2.0370e+001+ 2.0042e+0021
-2.0370e+001- 2.0042e+0021
-2.4428e+001+ 1.7326e+0021
-2.4428e+001- 1.7326e+0021
2.6572e+001+ 1.1731e+0021 .
2.6572e+001- 1.1731e+0021
~-8.8423e+000+ 1.1576e+002i
-8.8423e+000~ 1.1576e+0021
1 -3.1948e+001+ 8.1237e+0011i
-3.1948e+001- 8.1237e+0014i
3.3395e+001+ 5.1245e+0011

3.3395e+001- 5.1245e+0011
-1.4412e+001+ 7.7213e+0011i
-1.4412e+001- 7.7213e+0011i
-6.0489e+000+ 7.0305e+0011
-6.048%9e+000- 7.0305e+001i
-3.2377e+001+ 3.4845e+0011i
-3.2377e+001- 3.4845e+0011i
-2.6167e+001

-7.2046e-001+ 1.9601e+0014i
-7.2046e-001~ 1.9601e+0011i
2.6196e+000
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IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

rad/s Hz
zfr =
5.8626e+002 9.3307e+001
2.8096e+002 4.4715e+001
2.6757e+002 4.2585e+001
2.6757e+002 4.2585e+001
2.3711e+002 3.7737e+001
2.3711e+002 3.7737e+001
2.0145e+002 -3.2062e+001
2.0145e+002 3.2062e+001
1.7497e+002 2.7847e+001
1.7497e+002 2.7847e+001
1.2028e+002 1.9144e+001
1.2028e+002 1.9144e+001
1.1610e+002 1.8478e+001
1.1610e+002 1.8478e+001
8.7293e+001 1.3893e+001
8.7293e+001 1.3893e+001
6.1166e+001 9.7349e+000
6.1166e+001 9.7349e+000
7.8546e+001 1.2501e+001
7.8546e+001 1.2501e+001
7.0564e+001 1.1231e+001
7.0564e+001 1.1231ex001
4.7565e+001 7.5702e+000
4.7565e+001 7.5702e+000
2.6167e+001 4.1646e+000
1.9614e+001 3.1217e+000
1.9614e+001 3.1217e+000
2.6196e+000 4.1693e-001

Fregquency response for OUTPUT 2 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 2
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Frequency Response for OUTPUT3 (Collocation Case)

» idss2tfr
onr (output nr for freq. resp)=3

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 3

ZER =
-1.3735e+003
3.5136e+001+
3.5136e+001-
2.2829%e~-001+
2.2829%e~001~

2.
2.
2.
2.

8735e+0021
8735e+0021
3573e+0021
3573e+0021

-2.5213e+001+ 2.1863e+0021i
-2.5213e+001- 2.1863e+0021
-1.6651e+001+ 1.7706e+0021
~1.6651e+001- 1.7706e+0021i
-3.0199e+001+ 1.4232e+0021
~3.0199e+001- 1.4232e+0021
-6.9928e+000+ 1.0784e+0021
-6.9528e+000- 1.0784e+0024i
2.2280e+001+ 8.7760e+001i
2.2280e+001- 8.7760e+0011
-1.4852e+001+ 7.1257e+0011
-1.4852e+001- 7.1257e+0011
-5.6281e+000+ 7.0977e+0011
-5.6281e+000~- 7.0977e+0011
-3.8826e+001+ 2.3718e+0011
-3.8826e+001- 2.3718e+0011
~7.5892e+000+ 4.9831e+0011
~7.5892e+000- 4.9831e+0011
-7.6892e-001+ 2.0387e+0011
-7.6892e-001~ 2.0387e+0011
-5.8701e-001+ 1.0888e+0011
~5.8701e-001- 1.0888e+0011

4.0005e+000

B 49




rad/s Hz
zfr =
1.3735e+003 2.1860e+002
2.8949e+002 4.6074e+001
2.8949e+002  4.6074e+001
2.3573e+002 3.7518e+001
2.3573e+002 3.7518e+001
2.2008e+002 3.5026e+001
2.2008e+002 3.5026e+001
1.7784e+002 "2.8305e+001
1.7784e+002 2.8305e+001
1.4549e+002 2.3155e+001
1.4549e+002 2.3155e+001
1.0806e+002 1.7199%e+001
1.0806e+002 1.719%e+001
9.0544e+001 1.4410e+001
9.0544e+001 1.4410e+001
7.2788e+001 1.1585e+001
7.2788e+001 1.1585e+001
7.1200e+001 1.1332e+001
7.1200e+001 1.1332e+001
4.5497e+001 7.2411e+000
4.5497e+001 7.2411e+000
5.0406e+001 8.0224e+000
5.0406e+001 8.0224e+000
2.0402e+001 3.2471e+000
2.0402e+001 3.2471e+000
1.0904e+001 1.7354e+000
1.0904e+001 1.7354e+000
4.0005e+000 6.3671e-001

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 3 is now displayed

in the Figure Window. ]

If you want to obtain frequericy response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 3
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Frequency Response for OUTPUT4

» idss2tfr
onr (output nr for freq. resp)=4

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 4

ZER =
-5.5430e+002
-3.0963e+001+
-3.0963e+001-
-7.8992e~-001+
-7.8992e-001-
-7.6195e+000+
~7.6195e+000~
-5.2543e+000+
-5.2543e+000-
-2.1241e+001+
-2.1241e+001-
-1.5798e+001+
-1.5798e+001-
1.4658e+001+
1.4658e+001-
-1.2654e+001+
-1.2654e+001-
-6.4261e+001
-2.7983e+001+
-2.7983e+001~
1.3410e+001+
1.3410e+001-
-2.7051e+001+
-2.7051e+001-
3.136%9e+001
1.0157e+001
~-1.6692e+000+
-1.6692e+000-

2.6792e+0021
2.6792e+0021
2.6656e+0021
2.6656e+0021
2.2046e+0021
2.2046e+0021
2.0048e+0021
2.0048e+0021
1.5347e+00231
1.5347e+0021
1.2552e+0021
1.2552e+0021
1.0416e+0021
1.0416e+0021
7.7285e+0011
7.7285e+0011

6.4461e+0011

6.4461e+0011 .

5.8595e+0011
5.8595e+0011
2.2561e+0011
2.2561le+0011

3.1075e+0001
3.1075e+0001
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rad/s Hz
zfr =
5.5430e+002 8.8220e+001
2.6970e+002 4.2925e+001
2.6970e+002 4.2925e+001
2.6656e+002 4.2424e+001
2.6656e+002 4.2424e+001
2.2059e+002 3.5108e+001
2.2059e+002 _3.5108e+001
2.0055e+002 3.1918e+001
2.0055e+002 3.1918e+001
1.5493e+002 2.4658e+001
1.5493e+002 2.4658e+001
1.2651e+002 2.0135e+001
1.2651e+002 2.0135e+001
1.0519e+002 1.6741e+001
1.0519%9e+002 1.6741le+001
7.8314e+001 1.2464e+001
7.8314e+001 1.2464e+001
6.4261e+001 1.0228e+001
7.0273e+001 1.1184e+001
7.0273e+001 1.1184e+001
6.0110e+001 9.5667e+000
6.0110e+001 9.5667e+000
3.5225e+001 5.6062e+000
3.5225e+001 5.6062e+000
3.1369e+001 4.9926e+000
1.0157e+001 1.6165e+000
3.5274e+000 5.6140e-001
3.5274e+000 5.6140e-001

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OQUTPUT 4 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.

B 53




FREQUENCY RESPONSE FOR OUTPUT 4

100 T T TETTTTTTTT
' ] ot 1 ot

] s [ B N

] L ) t 1 1

[ IR B B A ]

10
Frequency {radfsec)

1000

3 s LIRE D  } T 1 ot 1
B e ke it a2 i 2 ittt Rt i st ad e B B
1 LI ] ] [] [ ]

Phase deg

000 peceferrt et

2000 : 555355551 L 5:::::;2 e S
10 10

. Frequency (radfsec)

FREQUENCY RESPONSE FOR QUTPUT 4

-50
-100
-150

Gain dB

50 100 150 200 250 300
Frequency (radisec)

-500
-1000 . ‘
1500 E f i f E

: : - : — |

50 100 150 200 250 300
Frequency (rad/sec)

Phase deg

B -54




Frequency Response for OUTPUT5

» idss2tfr
onr (output nr for freqg. resp)=5

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 5

ZER =
-4.2731e+001+
-4.2731e+001~
3.5582e+000+
3.5582e+000-
-1.3021e+001+
-1.3021e+001-
~1.0887e+002+
-1.0887e+002~
-7.2381e+000+
-7.2381e+000-
-2.8261e+001+
-2.8261le+001-
-2.2934e+001+
-2.2934e+001-
1.3686e+001+
1.3686e+001-
-1.3177e+001+
~-1.3177e+001-
-2.5733e+001+
.5733e+001-
.3337e+001+
.3337e+001-
.3452e+001
.1953e+001+
.1953e+001-
.5994e+000
.3696e+000+
.3696e+000-

2.9893e+0021
2.9893e+0021
2.8259e+0021
2.8259e+0021
2.2344e+0021
2.2344e+0021
1.6847e+0021
1.6847e+0021
2.0241e+0021
2.0241e+0021
1.4654e+0021
1.4654e+0021
1.279%96e+0021
1.2796e+0024i
1.0591e+0021
1.0591e+0021
7.6783e+0011
7.6783e+0011
6.1505e+0011
6.1505e+0011
5.8709e+0011
5.870%9e+0011

2.0608e+0011
2.0608e+0011

3.1705e+0001
3.1705e+0001




IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

rad/s Hz
zfr =
3.0196e+002 4.8059%e+001
3.0196e+002 4.805%e+001
2.8261e+002 4.497%e+001
2.8261e+002 4.4979e+001
2.2382e+002 3.5622e+001
2.2382e+002 3.5622e+001
2.0059e+002 3.1925e+001
2.0059e+002 73.1925e+001
2.0254e+002 3.2235e+001
2.0254e+002 3.2235e+001
1.4924e+002 2.3752e+001
1.4924e+002 2.3752e+001
1.3000e+002 2.0690e+001
1.3000e+002 2.0690e+001
1.0680e+002 1.6997e+001
1.0680e+002 1.6997e+001
7.7905e+001 1.239%e+001
7.7905e+001 1.239%e+001
6.6671e+001 1.0611e+001
6.6671e+001 1.0611le+001
6.0205e+001 9.5819e+000
6.0205e+001 9.581%e+000
3.3452e+001 5.3241e+000
3.0110e+001 4.7922e+000
3.0110e+001 4.7922e+000
9.5994e+000 1.5278e+000
3.4537e+000 5.4967e-001
3.4537e+000 5.4967e-001

Frequency response for QUTPUT 5 is now displayed

in the Figure Window.

If yvou want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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ldentification Procedure and Results for the Data File its0104r.dat

Identification of Observer/Kalman Filter Model

» load its0104r
» fiokuy

m(number of outputs)=5

Declare p - number of observer Markov parameters.
Maximum order of the system to be identified is p*m
p(number of observer Markov parameters)=12

Desired Model Order (O=stop)=: 32

Model Describes 100 (%) of Test Data

Damping (%) Freq(HZ) Mode SV MAC

2.2483e+001 4.8131e+001 1.0000e+000 9.9972e-001
2.2483e+001 4.8131e+001 1.0000e+000 9.9972e-001
8.2318e+000 4.2995e+001 . 4.3518e-001 9.9865e-001
8.2318e+000 4.2995e+001 4.3518e-001 9.9865e-001
9.5617e+000 3.3277e+001 4.8373e-001 9.9991e-001
9.5617e+000 3.3277e+001 4.8373e-001 9.9991e-001
6.3113e+000 4.3859e+001 7.5023e-001 9.9992e-001
6.3113e+000 4.3859e+001 7.5023e-001 9.9992e-001
2.1048e+001 1.1988e+001 3.1297e-001 9.9959e-001
2.1048e+001 1.1988e+001 3.1297e-001 9.9959%e-001
1.2865e+001 1.7051e+001 5.6034e-001 -9.9990e-001
1.2865e+001 1.7051e+001 5.6034e-001 9.9990e-001
3.5682e+001 5.7458e+000 3.2292e-001 9.9990e-001
3.5682e+001 5.7458e+000 3.2292e-001 9.9990e-001
6.2244e+000 2.9344e+001 4.6208e-001 9.9999%e-001
6.2244e+000 2.9344e+001 4.6208e-001 9.9999e-001
8.3274e+000 1.7472e+001 4.4881e-001 9.9989e-001
8.3274e+000 1.7472e+001 4.4881e-001 9.9989%e-001
4.2326e+000 3.4043e+001 2.6479e-001 9.9984e-001
4.2328e+000 3.4043e+001 2.6479e-001 9.9984e-001
1.407%e+001 1.0181e+001 2.6311le-001 9.9957e-001
1.407%e+001 1.0181e+001 2.6311e-001 9.9957e-001
5.2470e+000 2.1082e+001 4.9058e-001 1.0000e+000
5.2470e+000 2.1082e+001 4.9058e-001 1.0000e+000
1.0743e+001 7.4656e+000 4.7509e-001 9.9999%e-001
1.0743e+001 7.4656e+000 4.7509e-001 9.9999%e-001
7.0257e+000 8.4315e+000 7.7191e-001 1.0000e+000
7.0257e+000 8.4315e+000 7.7191e-001 1.0000e+000
7.678%e+000 2.9196e+000 7.8172e-001 1.0000e+000
7.678%9e+000 2.9196e+000 7.8172e-001 1.0000e+000
6.2593e+000 1.7260e+000 9.2207e-001 1.0000e+000
6.2593e+000 1.7260e+000 9.2207e-001 1.0000e+000

ENTER to continue.

Identification error is now displaved in the Figure Window
Identified system matrices are available as Af, Bf, Cf, Df
Observer gain matrix is available as G

B -58




Hankel Matrix Singular Values

=
w)

. §
D|

-
O

SV Magnitude
o,

¥ T ¥

1 1 1

20 30 40
Number

|dentification Error

3000 4000




Frequency Response for OUTPUT1 (Collocation Case)

» idss2tfr

onr (output nr for freq. resp)=l
IDENTIFIED SYSTEM EIGENVALUES

rl =

-6.7991e+001+
-6.7991e+001-
-1.7392e+001+
~-1.7392e+001-
-2.2238e+001+
-2.2238e+001-
-9.0534e+000+
-9.0534e+000-
~1.9992e+001+
-1.9992e+001-
-1.1476e+001+
-1.1476e+001-~
-6.9503e+000+
-6.9503e+000-
-9.1418e+000+
-9.1418e+000-
-1.3782e+001+
-1.3782e+001-
-1.5853e+001+
-1.5853e+001-
-9.0060e+000+
-9.0060e+000~
-3.7220e+000+
-3.7220e+000-
-5.0391e+000+
-5.0391e+000-
-1.2882e+001+
-1.2882e+001-
-1.4086e+000+
-1.4086e+000-
-6.7881e-001+
-6.7881e-001-

2.9467e+0021
2.9467e+0024
2.7502e+0021
2.7502e+0021
2.6923e+002i
2.6923e+0021
2.1370e+0021
2.1370e+0021
2.0813e+0021
2.0813e+0021i
1.8402e+0021
1.8402e+0021i
1.3228e+0021
1.3228e+0021
1.0940e+0021
1.0940e+0021
1.0624e+0021
1.0624e+0021
7.3634e+0011
7.3634e+0011
6.3330e+0011
6.3330e+0014
5.2845e+0011
5.2845e+0011
4.6637e+0011
4.6637e+0011
3.3725e+0011i
3.3725e+0011
1.8290e+0011
1.8290e+0011
1.0824e+0011
1.0824e+0011
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3.0242e+002
3.0242e+002
2.7557e+002
2.7557e+002
2.7015e+002
2.7015e+002
2.1390e+002
2.1390e+002
2.0909%e+002
2.0909e+002
1.8438e+002
1.8438e+002
1.3246e+002
1.3246e+002
1.0978e+002
1.0978e+002
1.0713e+002
1.0713e+002
7.5321e+001
7.5321e+001
6.3967e+001
6.3967e+001
5.2976e+001
5.2976e+001
4.6908e+001
4.6908e+001
3.6102e+001
3.6102e+001
1.8344e+001
1.8344e+001
1.0845e+001
1.0845e+001

IDENTIFIED MODAIL FREQUENCIES IN rad/s AND Hz
rad/s

Hz

.8131e+001
.8131e+001
.3859e+001
.385%e+001
.2995e+001
.2995e+001
.4043e+001
.4043e+001
3.3277e+001
3.3277e+001
2.9344e+001
2.9344e+001
2.1082e+001
2.1082e+001
1.7472e+001
1.7472e+001
1.7051e+001
1.7051e+001
1.1988e+001
1.1988e+001
1.0181e+001
1.0181e+001
8.4315e+000
8.4315e+000
7.4656e+000
7.4656e+000
5.7458e+000
5.7458e+000
2.9196e+000
2.91%6e+000
1.7260e+000
1.7260e+000
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IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 1
ZER =

-8.2677e+003

-9.3644e+000+ 2.7448e+0021
-9.3644e+000- 2.7448e+0021
-2.2283e+001+ 2.6726e+0021
-2.2283e+001- 2.6726e+0021
-6.5613e+000+ 2.1482e+0021i
-6.5613e+000- 2.1482e+0021
-1.2435e+001+ 2.0962e+0021
-1.2435e+001- 2.0962e+0021
-1.6330e+001+ 1.8601e+0021
-1.6330e+001- 1.8601e+0021
-1.0576e+001+ 1.3504e+0021
-1.0576e+001- 1.3504e+002i1
-6.8961e+000+ 1.1142e+002i
-6.8961e+000~ 1.1142e+0021
-9.6600e+000+ 9.5263e+0011
-9.6600e+000~ 9.5263e+001i
-7.8338e+000+ 7.7705e+0011
-7.8338e+000- 7.7705e+0011
-8.1881e+000+ 6.0737e+0011
-8.1881e+000- 6.0737e+0011
-4.3657e+000+ 5.0886e+0011
-4.3657e+000- 5.0886e+0014i
-6.6433e+000+ 4.5538e+0011
-6.6433e+000- 4.5538e+0011
-1.6366e+001+ 3.6220e+0011
-1.6366e+001- 3.6220e+0011
-2.0061e+000+ 1.7830e+0011
-2.0061e+000~- 1.7830e+0011
-4.4938e+000+ 1.3163e+0011
-4.4938e+000- 1.3163e+0011
3.1822e+000
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rad/s

zfr =

8.2677e+003
2.7464e+002
2.7464e+002
2.681%e+002
2.681%e+002
2.1492e+002
2.1492e+002
2.0999%e+002
2.0999%e+002
1.8672e+002
1.8672e+002
1.3546e+002
1.3546e+002
1.1164e+002
1.1164e+002
9.5752e+001
9.5752e+001
7.8099e+001
7.809%e+001
6.1286e+001
6.1286e+001
5.1073e+001
5.1073e+001
4.6020e+001
4.6020e+001
3.9746e+001
3.9746e+001
1.7942e+001
1.7942e+001
1.3909e+001
1.3909e+001
3.1822e+000

Hz

'1.3158e+003

4.3710e+001
4.3710e+001
4.2683e+001
4.2683e+001
3.4206e+001

3.4206e+001

3.3421e+001
3.3421e+001
2.9718e+001
2.9718e+001
2.155%e+001
2.1559e+001
1.7767e+001
1.7767e+001
1.5239%e+001
1.5239e+001
1.2430e+001
1.2430e+001
9.7540e+000
§.7540e+000
8.1285e+000
8.1285e+000
7.3243e+000
7.3243e+000
6.3257e+000
6.3257e+000
2.8556e+000

. 2.8556e+000

2.2137e+000
2.2137e+000
5.0647e~001

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 1 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 1
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Frequency Response for OUTPUT2

» idss2tfr

onr (output nr for freqg. resp)=2

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 2

ZER =
-5.340%9e+003
~-2.0838e+001+
-2.0838e+001-
-1.2218e+001+
-1.2218e+001~-
-1.2387e+001+
-1.2387e+001-
.1209e+001+
.1209e+001-
.3734e+001+
.3734e+001-
.4953e+000+
.4953e+000-
.5113e+001+
.5113e+001-
.9257e+000+
.9257e+000-
.8217e+001+
.8217e+001-
.6717e+001+
.6717e+001~
.0392e+001+
.0392e+001-
.4618e+000+
.4618e+000-
.2358e+000+
.2358e+000-
.5918e+001+
.5918e+001-~
.1422e+000+
.1422e+000-
.8454e+000

2.8955e+0021
2.8955e+0021
2.7112e+0021
2.7112e+0021
2.1254e+0021
2.1254e+0021
2.0471e+0021
2.0471e+0021
2.0001e+0021
2.0001e+0021
1.4900e+0021
1.4900e+0021
1.1535e+0021
1.1535e+0021
1.1138e+0021
1.1138e+0021
7.3335e+0011
7.3335e+0011
7.5228e+0011
7.5228e+00141i
6.1185e+0011
6.1185e+0011
4.7887e+0011
4.7887e+0011
4.5898e+0011
4.5898e+0011
9.2964e+0001
9.2964e+0001
1.7087e+0011
1.7087e+0011




rad/s

zfr =

5.3409e+003
2.9030e+002
2.9030e+002
2.7139%e+002
2.7139e+002
2.1290e+002
2.1290e+002
2.0502e+002
2.0502e+002
2.0048e+002
2.0048e+002
1.4530e+002
1.4930e+002
1.1805e+002
1.1805e+002
1.1166e+002
1.1166e+002
7.5564e+001
7.5564e+001
7.9832e+001
7.9832e+001
6.2062e+001
6.2062e+001
4.8095e+001
4.8095e+001
4.6631e+001
4.6631e+001
2.7535e+001
2.7535e+001
1.7125e+001
1.7125e+001
9.8454e+000

Hz

8.5002e+002
4.6203e+001
4.6203e+001
4.3193e+001
4.3193e+001
.3884e+001
.3884e+001
.2629e+001
.262%e+001
.1907e+001
.1907e+001
.3762e+001
.3762e+001
.878%e+001
.8789e+001
.7772e+001
.7772e+001
.2026e+001
.2026e+001
.2706e+001
.2706e+001
.8774e+000
.8774e+000
.6545e+000
.6545e+000
.4216e+000
.4216e+000
4.3823e+000
4.3823e+000
2.7256e+000
2.7256e+000
1.5669e+000

NN NNOYYWRHRRREPRRREREPRPMNDWVLWLOWWW

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 2 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 2
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Frequency Response for OUTPUT3

» idss2tfr

onr (output nr for freq. resp)=3

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 3

ZER =
-5.1048e+004
-1.0570e+001+
-1.0570e+001~
-2.989%4e+001+
-2.9894e+001-
~-1.2847e+001+
-1.2847e+001-
-1.5584e+001+
-1.5584e+001~
-3.9626e+001+
-3.9626e+001-~
5.7588e+001+
5.7588e+001-
~-2.9048e+001+
-2.9048e+001-
~7.5063e+000+
~-7.5063e+000-
1.8775e+001+
1.8775e+001~
~2.9924e+001+
-2.9924e+001-
~1.0441e+001+
-1.0441e+001~
4.3659e+001
-8.2001e+000+
~8.2001e+000-
-2.9736e+001+
-2.9736e+001-
~-1.8093e+000+
-1.8093e+000-
-2.3112e+001
1.0454e+001

2.7420e+0021
2.7420e+0021
2.5331e+0021
2.5331e+0021
2.2567e+0021
2.2567e+0021
2.1145e+002i1
2.1145e+0021
1.8612e+0021
1.8612e+0021
1.3913e+0021
1.3913e+0021
1.3844e+0021
1.3844e+0021
1.1155e+0021
1.1155e+0021
7.5839%e+0011
7.5839e+0011
7.3913e+0011
7.3913e+0011
6.1182e+0011
6.1182e+0011

.5852e+0011
.5852e+0011
.5881e+0011
.5881e+0011
.1812e+0011
.1812e+0011

NP
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IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

rad/s Hz
zfr =
5.1048e+004 8.1245e+003
2.7441e+002 4.3673e+001
2.7441e+002 4.3673e+001
2.5507e+002 4.0596e+001
2.5507e+002 4.0596e+001
2.2604e+002 3.5975e+001
2.2604e+002 3.5975e+001
2.1202e+002 "3.3744e+001
2.1202e+002 3.3744e+001
1.9029e+002 3.0285e+001
1.9029%e+002 3.0285e+001
1.5058e+002 2.3965e+001
1.5058e+002 2.3965e+001
1.4146e+002 2.2514e+001
1.4146e+002 2.2514e+001
1.1180e+002 1.7794e+001
1.1180e+002 1.7794e+001
7.8128e+001 1.2434e+001
7.8128e+001 1.2434e+001
7.9741e+001 1.2691e+001
7.9741e+001 1.2691e+001
6.2067e+001 9.8782e+000
6.2067e+001 9.8782e+000
4.3659e+001 6.9485e+000
4.6580e+001 7.4134e+000
4.6580e+001 7.4134e+000
3.3711e+001 5.3652e+000
3.3711e+001 5.3652e+000
2.1887e+001 3.4835e+000
2.1887e+001 3.4835e+000
2.3112e+001 3.6784e+000
1.0454e+001 1.6638e+000

Frequency response for OUTPUT 3 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified fregquency range.
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FREQUENCY RESPONSE FOR OUTPUT 3
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Frequency Response for OUTPUT4

IDENTIFIED SYSTEM ZEROS RELATED TO THE OUTPUT 4
ZER =

-4.4647e+004

-1.6711e+001+ 2.7746e+0021
~-1.6711e+001- 2.7746e+0021
-1.8305e+001+ 2.6483e+0021
-1.8305e+001- 2.6483e+0021
-8.8802e+000+ 2.1348e+002i
-8.8802e+000- 2.1348e+0021i
~1.8125e+001+ 2.0942e+002i
-1.8125e+001- 2.0942e+0021
-9.0595e+000+ 1.8403e+002i
-9.0595e+000- 1.8403e+0021
~1.9401e+001+ 1.3936e+0021
-1.9401e+001~ 1.3936e+0021
7.9153e+000+ 1.2416e+0021
7.9153e+000~ 1.2416e+0021
-7.4000e+000+ 1.1196e+0021i
-7.4000e+000- 1.1196e+0021
5.7863e+001

1.6192e+001+ 7.3881le+0011
1.6182e+001~ 7.3881le+0011
~2.8465e+001+ 7.1926e+0011
~2.8465e+001- 7.1926e+0011
-1.0329e+001+ 6.0996e+0011
-1.0329e+001- 6.0996e+0011
-5.3618e+001

~-8.2044e+000+ 4.5841e+0011i
-8.2044e+000~ 4.5841e+0011
-2.5938e+001+ 1.1220e+0011i
-2.5938e+001- 1.1220e+0011i
1.2226e+001
-2.4945e-001+ 5.0606e+0001
-2.4945e-001- 5.0606e+0001
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rad/s

zfr =

4.4647e+004
2.7796e+002
2.7796e+002
2.6546e+002
2.6546e+002
2.1367e+002
2.1367e+002
2.1021e+002
2.1021e+002
1.8426e+002
1.8426e+002
1.4070e+002
1.4070e+002
1.2441e+002
1.2441e+002
1.1220e+002
1.1220e+002
5.7863e+001
7.5635e+001
7.5635e+001
7.7354e+001
7.7354e+001
6.1864e+001
6.1864e+001
5.3618e+001
4.6570e+001
4.6570e+001
2.8261le+001
2.8261e+001
1.2226e+001
5.0668e+000
5.0668e+000

Hz

7.105%e+003
4.423%e+001
4.423%e+001
4.2249%e+001
4.2249%e+001
3.4006e+001
3.4006e+001
“3.3455e+001
3.3455e+001
2.9325e+001
2.9325e+001
2.2393e+001
2.2393e+001
1.9801e+001
1.9801e+001
1.7857e+001
1.7857e+001
9.2091e+000
1.2038e+001
1.2038e+001
1.2311e+001
1.2311e+001
9.8460e+000
9.8460e+000
8.5336e+000
7.4118e+000
7.4118e+000
4.4978e+000
4.4978e+000
1.9458e+000
8.0640e-001
8.0640e-001

IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

Frequency response for OUTPUT 4 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to look

at a specified frequency range.
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FREQUENCY RESPONSE FOR OUTPUT 4
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Frequency Respbnse for OUTPUTS

» 1dss2tfr
onr {(output nr for freg. resp)=5

IDENTIFIED SYSTEM ZEROS RELATED TO THE OQUTPUT 5
ZER = :

-4.9015e+004

~1.6382e+001+
-1.6382e+001-
-1.7745e+001+
-1.7745e+001-
-9.6086e+000+
-9.6086e+000-
-1.9802e+001+
-1.9802e+001~
3.5522e+000+
3.5522e+000-
-1.9656e+001+
-1.9656e+001-
-1.0215e+002 -
-2.7344e+000+
-2.7344e+000-
-7.381%e+000+
-7.3819e+000-
7.4013e+001

1.6761e+001+
1.6761le+001~
-2.7773e+001+
-2.7773e+001~
-1.0883e+001+
-1.0883e+001~
-8.1574e+000+
-8.1574e+000-
-2.2862e+001+
-2.2862e+001-
1.1535e+001

-2.4699e-001+
~2.4699e-001~

Z.7758e+0021
2.7758e+0021
2.6301e+0021
2.6301e+0021
2.1294e+0021
2.1294e+0021
2.0830e+0021
2.0830e+0021
1.8161le+0021
1.8161le+0021
1.4696e+0021i
1.4696e+0024

1.1935e+0021
1.1935e+0021
1.1213e+0021
1.1213e+0021

7.5462e+00141
7.5462e+0011
7.0537e+0011
7.0537e+0011
6.1275e+0011
6.1275e+0011
4.5751e+0011
4.5751e+0011
1.1066e+0011
1.1066e+00141i

5.0580e+0001

5.0580e+0001
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IDENTIFIED ZERO FREQUENCIES IN rad/s AND Hz

zfr

4
2
2
L2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
7
7
7
7
7
6
6
4
4
2
2
1
5
5

rad/s
.9015e+004
.7807e+002
.7807e+002
.6361e+002
.6361e+002
.1316e+002
.1316e+002
.0924e+002
.0924e+002
.8165e+002
.8165e+002
.4827e+002
.4827e+002
.0215e+002
.1938e+002
.1938e+002
.1237e+002
.1237e+002
.4013e+001
.7301e+001
.7301e+001
.5808e+001
.5808e+001
.2234e+001
.2234e+001
.6472e+001
.6472e+001
.5399%e+001
.5399%9e+001
.1535e+001
.0640e+000
.0640e+000

00 00 b s ~J ~J WO WO I 3 2 b3 3 B3 3 D RO DD N W WD W W i i s i

Hz

.8010e+003
.4255e+001
.4255e+001
.1955e+001
.1955e+001
.3925e+001
.3925e+001
.3302e+001
.3302e+001
.8910e+001
.8910e+001
.3598e+001
.3598e+001
.6257e+001
.9000e+001
.9000e+001
.7885e+001
.7885e+001
.1779e+001
.2303e+001
.2303e+001
.2065e+001
.2065e+001
.2048e+000
.9048e+000
.3963e+000
.3963e+000
.0424e+000
.0424e+000
.8358e+000
.0596e-001
.0596e-001

Frequency response for OUTPUT 5 is now displayed

in the Figure Window.

If you want to obtain frequency response for more than one output,
run idss2tfr.m again and/or run zoomtfr.m to loock

at a specified frequency range.
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