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Montazer-Ghaem Gas Unit Synchronous
Generator's Parameters Identification
Using SSFR Tests

M. Pourgholi

Abstract: Accurate generator modeling allows for more
precise calculation of power system control and stability
limits. In this paper a procedure using a set of measured
data from Standdill Frequency Response (SSFR) test on
M ontazer -Ghaem gaspower plant’s synchronous generator
isused to obtain synchronous machine parameters. A novel
approach is used to find d-axis which is different from
standard SSFR scheme which can save the time in doing
SSFR tests Hook-Jeeves method is used for optimization
purpose. The test procedure and identification results are
reported.

Keywords. SSFR, Synchronous generaor, Parameter
identification
I. INTRODUCTION

Stability analysis is one of the most important tasksin
power system operations and planning. Synchronous
generators play avery important role in thisway. A valid
model for synchronous generators is essentid for a
reliable analysis of gtability and dynamic performance.
Almost three quarters of a century after the first
publications in modeing synchronous generators, this
subject is gill achallenging and attractive research topic.

Two axis equivalent circuits are commonly used to

represent the behavior of synchronous machines. The
direct determination of circuit parameters from design
data is very difficult due to intricate geometry and
nonlinear congtituent parts of machines. So severa tests
have been developed which indirectly obtain the
parameter values of equivalent circuits.
The stand still Frequency Response (SSFR) test has been
widely accepted for extraction synchronous machine
parameters. The SSFR method has the following
advantages[1]:
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1) It is easy to implement at the factory or during outages
for routine maintenance without risk to the machine, since the
testsinvolve very little power.

2) The ready availability of powerful computer tools have
eased the data logging and analysis procedures.

3) Unlike the ANSI-standardized short-circuit test, the
SSFR gpproach can simultaneoudy provide the equivalent
circuits for both direct and quadrature axes, and at the present
time, seems the most appropriate for modeling the machine
behavior for stability anaysis.

Frequency response testing of eectrical machines as a
means of determining their parameters was introduced by [2]
but the main thrust for the current work stems from the
comprehensive study of the problem initiated by EPRI which
culminated in the workshop in 1981 [3].

Reference [4] presented results of frequency response tests
carried out on a 555MVA machine, with limited frequency
range of 0.01 to 10 Hz but this was sufficient to identify athird
order model for the machine. Authors in reference [5]
presented results for third order models for several machines
introducing the concept of unequal mutual in the direct axis. In
[6] proposed a new third order model claiming it as an
improvement on the limited second order model. In [7] offered
arecursive least squares algorithm with a frequency dependent
weighting function to accentuate particular frequency ranges
as an aid to the identification of the time constants. In [8]
reported on the virtues of a “three transfer function approach”
implying that such a model had not been considered before.
Many of their comments related to a comparison of second and
third order models, seeking to vaidate their extension to their
new third order mode. Numerical curve-fitting methods were
used in all of the above papers.

In this paper an experience with SSFR test on Montazer-
Gaem gas unit generator is presented and uses Hook and
Jeeves optimization method for curvefitting purpose.

Il. MACHINE MODELING

The gructure of the synchronous machine model used in
this study is a standard second order modd with one damper in
the d-axis and two dampers in the g-axis given in Fig. 1 [9].
Degree of the applied model is selected based on synchronous
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generator type,
considerations. The equations of generators are as stated
in [2]. Definition of the parameters is listed in table (1)
and some relations between parameters are listed in

Appendix.

rotor sructure and

Fig.1) Synchronous Machine Equivalent Circuits According to

b) qAxis

2-2 Modd of IEEE Std 1110

Table (1) synchronous generator parameters definition

|EEE-Std-1110

Parameters Parameters definition

X Armature | eakage reactance

Xad, Xag Armatureto rotor mutual reactance

Xed d- axis differentia leakage reactance

Xid Fieldwinding leakage reactance

X14,X 10, X 2q Damper winding leakage reactance

Ra AC Armature resigance

Re Field winding resigance

Rud,Rig,R2q Damper winding res sance

Zy d- axis operational impedance

Zq4 - axis operational impedance

G(9 standstill armature to field transfer function

Z0(9) standstill armature to fid d transfer impeda

vd direct axis armature voltage

Vid fied voltage

Vq quadrate axis armature voltage

Na effective number of turns on one phase on

armature wining

Nfd effective number of turns on field winding

I1l.  TEST PROCEDURE

The SSFR test is categorized in off-line tests so
machine shall be shut down, disconnected from its
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turning gear and electricdly isolated. Also al connection to
the field should be taken off, this can be done by removing the
brush gear or, in the case of a brushless exciter, dectrically
disconnecting the complete exciter from the generator field
winding.

This test consists of two steps, one for d-axis and another for
g-axis. For each step, by positioning the rotor align with d or q
axis and temporarily connecting the power amplifier asin table
(2) thetests are performed.

Fig.2) Test leads connection to stator bus

o ——
b= P

Fig.3) Podtioning rotor align with g- axistests

Reducing or eliminating the effect of contact resistances is
very important to the accuracy of the measurements,
paticularly for the armature winding. The armature current
metering shunt should be bolted directly to the conductor in
the isolated phase bus, as close to the generator terminds as
possible, aso conducting grease should be used to enhance the
contact. Fig. 2 shows the proper connection of the test leads
for such devices.

For aligning the rotor with the g-axis, a power amplifier is
temporarily connected as in Fig 3. A signa generator tuned on
100 Hz and 10 amperes drives the amplifier. Then the induced
field voltage is measured with an oscilloscope. The generator
rotor is slowly turned until a null induced field voltage is
achieved. This situation indicates quadrate-axis of the
synchronous machine. Fig.4 shows test circuit for finding g-
axis postion and Fig.5 shows visionary proof for minimum
induced voltage in rotor when connecting stator winding as
likeasFig.3.
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Svn. Gen

% i

-1
| L/\\/ J/\l
[ =i
Function Power Amplifier
| generators =
- CE4 CF CH1:Stater Voltage
Transiant Recorder CHA:Stator C:u“mt
CHS Rotor Voltage
Fig.4) Test circuit for finding g-position
Table (2) Standgtill Frequency Response Test
[No. Measurement Test Diagram Measured Relationships
Value
1 g-Axis
operationd : Ustator Ae(9)
Impedance Sig. AP stetor 29 =75 b
Zq( S) Gen. U rotor(about 0) q
2 d-Axis
operationa - Ustator
Impedance Sig. Amp setor Aey(3)
Z,(9 Gen. U rotor(max) Zy4(9)= T8, (9 beg-o
3 Standstill &
armature to field Sig. Amp Ustator _
transfer function Gen — |tetor sG(s) = - 2 |
SG(E) ’ Irotor Ald(s) €a=0
4 Standstill &
armatureto field ;
transfer 9. AP — Yroor Ae(9)
) Gen. Istator Zao(9) = NS lai =0
| mpedance Irotor(about-0) d
Zafo
Issue 3, Volume 2, 2008 425
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Bl

W

Fig.5) Fields podtion and visionary proof for minimum induced
voltage for g-axis position

In this paper a novel approach is used to obtain d-axis
which is different from standard SSFR scheme [1]. For this
purpose, after finding g-axis, by keeping rotor position the
armature phase winding connection is changed as illustrated
in table(2). In this situation the rotor is aligned with d-axis.
With using this novel method, the d-axis could be found as
precisely as g-axis without additional work.

For performing SSFR tests, considering the test circuits
illustrated in table (2), the following tests are carried out.

For each test, the frequency of the provided sin wave
signal by the signa generator is changed over the range of
.01Hz to 1000 Hz. Then for each frequency, the magnitude
and phase of Ag,,Aiy,Ag,Alg,Aey and  Aiy are

measured.
Approximatdy 10 test points, logarithmically spaced per
decade of frequency, is a satisfactory measurement density.

V.

The procedure for extracting d and g-axes parameters

from SSFR tests can be summarized as follows [12]:
1) Use the best available egtimation for armature
leakage inductance L, ; it could be valued supplied

by manufacturer.

Using the measured values, by means of Fourier
transform the RMS vadue of the man wave
associated with each measured quantities and
corresponding to each frequency are obtained.
Based on the equations for Zd and Zg mentioned
in table(2) and using RMS values for the measured
quantities, the value for Zd, Zq and G(s) are

obtained corresponding to each frequency.

IDENTIFICATION PROCEDURES

2)

3)

4) ObtainLy(0) and L,(0) which arelow- frequency

limit of Ly(s) and L,(s) and then determine

Lag(0) = L4(0) - L, @
Laq(o) = Lq(o) - L (2)

5) find the field to armature turns ratio Nfd/Na using

the armature to field transfer impedance Z_, ()
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A\ 4

6)

7)

8)

9)

3

N g 1 ”m|:Aefd(s):|

N,  sLg(0) >0 Aiy(9)

Cdculate the field resistance referred to armature
winding.

SLad(O)
lim Aifd(s)ngd
>0 Aigy(s) 3 N,

Ry = 4

Define an equivalent circuit structure for the d and g
axes.

Use the Hook-Jeeves optimization technique to find the
best vaue for generator parameters which provide the
best fitsfor Ly(s) and L,(s) and sG(s)

Mesasure the fields winding resistance , convert it to the
desired operating temperature, and refer it to the stator

2345+0
2345+ T,

g x [ a2 (5

a0 = 2N,

Wherer,is the field resistance measured at field terminal and

T; is the average field winding temperature in °Cduring the
measurement. Substitute this value for Ry, in the equivalent

circuit.

For the fidd winding materials other than copper,

gppropriate values of temperature coefficient should be used.
(234.5 for copper).

V. Hook AND JEEVES OPTIMIZATION METHOD

The pattern search method of Hook and Jeeves is a sequentia
technique in which each step congists of two kinds of moves, one
called exploratory move and another called as pattern move. The
fird move is to explore the locd behavior of the objective
function and the second move is to take advantage of the pattern
direction.(See Fig.6) The genera procedure can be described by
the following steps[13].

1-
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Start with an arbitrarily initial point
X:=[X1 X ... X' , called the starting base point and
prescribed step lengths Ax; in each of the coordinate
directionsu;, i=12,....,n.set k=1.

Compute f, = f(X,). Set ji=1and define new

variable with initial value set as, Y, = X, and start the
exploratory move as stated in step 3.
Thevarigble Xx; is perturbed about the current temporary

base point Y., to obtain the new temporary base point
asfollows:
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Yiia + AXiU; if f* = f(Yiq+AXU;)
< f="f(Y1)

Yiisa —AXiU; if =Yg —AXU;)
< f=f(Y1)

< 7= (Vi + A% L)

Yeia df = 1(Yq)<min(f*, ")

(©)

This process of finding the new temporary base point is
continued for i=1,2, .... Until x, isperturbedto find Y} ,.

4- If the point Y, , remains same as the Xy , reduce
the step lengths Ax; (say by a factor of two), set
i=1 and go to step 3.
If Y, isdifferent from X,, obtain the new base point
as
Xk+1 = Yk,n
and goto step 5.

™

5- With the help of the base points Xy and Xy
establish apattern direction S as
S= Xy = X ®
and find apoint Y, as
Yiero = X +4S 9)

The point Y, indicates the temporary base point

obtained from the base point X, by perturbing the j"

component of X,.

Where 1 isthe step length which can be teken as 1 for

simplicity.

6- setk=k+l, f, = f(Y),i=1 and repeat step 3, if
atheendof step 3, f(Yy,) < f(X,),wetakethe
new base point as X, = Y, ,, and go to step 5.
On the other hand if f(Y,,)> f(X,), set

X1 = X, reduce the step length Axi, set
k= k+1 and go to step 2.

The process is assumed to be converged whenever

the step lengths fall below a small quantity ¢ . thus
the process is terminated if

max(AX;) < & (10)
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p = X3temp
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1 =X "pase ‘L
X
acc 4
(@]
2
P X“temp
= X“base
X1temp
2 KEY
, = X“pase e : exploratory move
. 4 e p : pattern move
s @ improvement
I:I'—eV O no improvement

Fig.6) Hook-Jeevesexploraory and patern move

VI. CARRY OUT SSFR TEST AND PARAMETER

EXTRACTION

SSFR tests were performed on Montazaer-Ghaem rated 147.8
MVA gas Generator. The nominal values of the generator are
shown in table (3). Leakage reactance is extracted from design
data and equas to 0.095 p.u. Armature and field resistances are
taken as R = 0.00141Q Ry =0.1015Q from generator technical

Fig.7) Hydraulic pump for changing rotor position

document. Temperature during tests was measured as 27 °C, while
operating temperature is supposed to be 100 °C.

The rotor position was changed by means of hydraulic pump
which illustrated in Fig.7 During postioning of the rotor, zero
voltage on the field winding could not be precisely achieved, so
the final position was determined by achieving the minimum

induced field voltage. During measurements, signals became
noisier asthe frequency was decreased below 0. 1 Hz.

Table(3) Nominal Valuesfor MantazerGhaem gas unit synchronous generator

Rated current | Speed Raed
Rated Power Rated Voltage
(MVA) (V) B ey | T
147.775 138 6182 3000 50
427



INTERNATIONAL JOURNAL OF MATHEMATICAL MODELS AND METHODS IN APPLIED SCIENCES

During the test instantaneous value of measured current
and voltage are recorded by transient recorder in each
scanning frequency. Using Fourier transform, from the
instantaneous measured values, RMS vdues are extracted
by which operational impedances Z,,Z, and G(s) (both
magnitudes and angles) are cdculated for the whole range
of scanning frequency. The magnitudes and phase angles of
Z, and Z,aeillustrated in Fig.8, Fig.9 respectively.

Table(4) calculated base parameter
Armeture Base 6182.46 A
A hautnee oooar | "

Field Base Current 1076.763 A
Inccance owsr | "

Toobtain Ry, R, armature impedances ( Z, , Z,) plot as
a function of a frequency and extrgpolate it to zero
frequency to get the dc resistance as illustrated in
Fig.1l. R,, the dc resistance of one phase of armature
winding in g-axis, should be normally the same as
R, which obtained during d-axis test, but due to the
sengitivity of the result to this value we obtained these
quantities separately. Using operational impedances Z,, Z,
and Ry, R,,thedand g axes inductances are calculated as:

L9 = 2R

Z,(9-R
Lq( 9= BT AN
(11)
which depicted in Fig (12-16). A fictitious quadrate rational
function isused for finding L, (0) and L,(0) (Fig.12) .

Field to armature turns ratio Nfd/Na is calculated based
on Fig. 10 as.

Ny )1 1 Aegy(9)
N, L,4(0) 50 s Aig(s)

} =12.18 12)

where L;(0)= L,(0)-L,.
The field resistance, referred to armature winding is:

Lad (O)

il

The extracted test results are summarized in table (5).
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Angle (Degree)

Table(5) the extracted test result
Armature Res sance
in d-axes Test 0.0014 Q
Armature Res sance
in g-axes Test 0.0017 @
Fidd Resistancein
Test 0.0020 Q
Ld(0) 0.0095
Lq(0) 0.0090
Nfd/Na 12.18
Zd & Zq Magnitude versus Frequency
of T T T T T T i
+  Zd Magnitude K
45 4 Zq Magnitude
¥
4 +
35F +
33 +
P
25 +
E
g 2 +
15 +
1 +
0.5 /
0
1 | 1 1 1 1 | 1

1 1 1
0 100 200 300 400 500 900 1000

Frequency

600 700 8OO

Fig8) Z, and Z, magnitudes obtained by SSFR test

Zd & Zq Angles versus Frequency

10°L |+ Zd Angle J
% Zq Angle |
. +
.. ‘*- *
U Ao
£ .
.*.
+
.*.
.*.
et
1&
10"k s s 1
10° 10° 10°
Frequency

Fig9) Z, and Z, pahse anglesobtained by SSFR test
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Fig.10) Transfer Impedance Zdfo
x 10'3 Plotting Zd & Zq in Low Frequencies to Determine Rd & Rg
+ Zdvs. f ¥
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* Iqvs. vl
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Rd=0.0014
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Fig.11) Extended window for Low frequency
magnitudes of Z; and Z, to obtain R
and R,
Initial Fitting to obtain Ld{0} and Lq(0}
A 4 Ld Points (Experiment)
10 rXo —  Ld (Fitted Deg2) N
~ O Lg Paints (Experiment)
3, --- Lgq (Fitted Deg2)
=
=3
=
=
=3
s
=
107}
1 1 1 1
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Fig12) Finding Ly (0) and L,(0)

quadraterational function
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using a fictitious
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B Ld and Fitted Ld magnitudes
=
ERRlNS
=
5
2
=
10-4 — 1 — 1 - L 5 1 - i — -
107 10° 10 10 10 10° 10°
Frequency
Figl3) L, magnitude fitting to obtain parameters, a second
order modd
Ld and Ldfitted Angle
10 . . : .
— Angle
-==- Fitted Angle
[] L
A0+
= 20t
&)
=
Z 30
40
A0 F
5oL - " .
10 10° 10 10 10 10° 10
Frguency
Fig.14) Angle of L, and fitted quad rational function, second
order modd
2 Lgq and Lq fitted Magnitude
10 : . T T
=
S0
=
o
2
=
10_‘ — 1 — L - IJ 1 - 1
107 10 107 10 10 10 10
Frequency
Fig15) L, magnitudefitting to obtain parameters, a second

order modd

3
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Lq and Lq fitted Angles

Lq
--- Lgq Fitted
10} a 1

Angle (deg)

20F

30 F

401

50 L L L L L
) 10 10° 10 10
Frequency

Fig16) Angle of L, and fitted quad rationa
function, second order model

For fitting L, andL, to obtain equivaent circuit

parameters we used the Hook-Jeeves optimization technique
[13]. All data processing was done in actual units and at the
end p.u vaues was calculated relevantly. Curve fitting for
finding Ly and L, magnitude and phase using Hook-Jeeves
method isillustrated in Fig.13 — Fig. 16.

Field resistance is modified according to operating
temperature and actual value obtained from manufacturer.

An unsaturated value for L, in Henrys can be calculated
from rated speed open circuit saturation curve:

(N, Y v
Loy = (EJ(N_J(@I_:«J (14)

Where V, and / ;, define apoint on theair gap lin, and @ isthe

rotor speed in electrical radians per second and V;is pesk voltage
lineto neutral. Similarly in the quadrature- axis equivaent circuit
L, must be adjusted to its unsaturated value.

L, and L, are modified for operating flux density using linear

equation of [2]. The final result for d and g axis is summarized in
table (6) and table (7) respectively. The manufacturer parameter
for d-axis and g-axisis shown in table (8).

VII. CONCLUSION

It has been demonstrated here that the problem of identification
of the parameters of synchronous machines from the results of
frequency response tests can be done by an essentially anaytical
process. The parameters are estimated using Hook-Jeeves pattern
search method. Simulation and experimental results show that the
parameters of model for a synchronous generator can be identified
successfully and have good accuracy with parameters presented
by manufacturer. The model can then be used for studying low
frequency oscillations and design and tuning power system
stabilizers.
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Tableg(6) D-axesreaults

ont Rfd Lfd Rd1 Ld1 Ladu(Test) LI Ra X"d T™d X'd Td Xd
pt. (pu)
Method (pu) (py) (py) (pu) (py) (pu) (pu) (9 (pu) €] (pu)
JHegS'é 0.001018 0.18182 0.96219 0.11716 2.220838 0.095 | 0.00109 | 0.16401 | 0.0190 | 0.2629 | 0.8526 | 2.288
LS 0.00116 | 0187 | 0.0158 | 0237 | 0.794 | 187
Table (7) Q-axesresults
opt Rog2 Lg2 Ral Lqgl Laqu (Test) LI Ra X"q T'q X'q Tq Xq
Method (py) (py) (pu) (pu) (pu) (pu) (pu) (pu) (9 (py) 9 (py)
Hook- 2.09899269 0.0010 0.0206 0.20 | 21676
Joeves 0.051411 | 0.098088 | 0.007403 0.379834 5 0.095 9 0.17013 12 04160 | 5 A
LS 0091 | 0235 | 00595 | 179 | 020 | 179
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Table (8) Manufacturer provided data

X"d T"d X'd Td Xd X"q T'q X'q Tq Xq

(pu) €] (pu) €] (pu) (pu) (€] (pu) (€] (pu)

019 | 0021 | 0.28 | 0.88 229 0.19 0.021 0.39 0.15 212
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APPENDIX 1

Some relations between operationa parameters and
dynamical parameters are presented here.

Xg=X+ Xy
X=X+ Xy,
X X
2d X td
X,d:)(l+xad||xfd =X+
Xad+de
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Xaqxlc/XZq
Xaqxlq + XaqXZq + quXZq

" _ j—
Xq =X+ Xaa||)(1q||x2q =X +

To= L(de + Xad)

o Ry
"
qo = X-Lq + Xal?)
a’oqu
1 1 XigXad
T :_(de+xfd Xd): Xg +
’ 0yRg " a 0yRg Xig + Xag
" 1 1 XiqX
TCIo :_(XZq + X4 Xaq): Xqt Lo
0% 0oFRyq Xg T Xeg
APPENDIX 2

Technical specification of Power Amplifier which used
For SSFR Tests:

Embossed Output Current: 0—10 Amp. Effective (+-10A
DC)

Voltage Range: up to 230 volt Effective

Band Width : DC to 10 KHZ - 3db Minimum Harmonic
Content

Source and Sink Operation Possible Permissible Losses at
23 0C, 5kw up to temperature Trip, 2.5 KW Continuously
Input/Output Galvanically I solated Modulation by BNC
Analog Input Supply V oltage 3*400 Volt Effective

Mahdi Pourgholi, He, wasbornin Tehranin 1977, he get his Bsdegreein
dectrical engineering in 2000 and takes hisMs Degreein

‘ ‘ the fidd of control engineering in 2003. He is currently
-y working towards his PhD in department of Control

= Engineering, Tarbiat Modares University (TMU),

Nl Tehran, Iran. He works with power system group in
‘. y Power and Water University of Technology (PWUT).
His research interests are in the fields of control and
modeling, parameters egimation and faults detection of electricad
machines.

M ohammad Reza Aghamohammadi he was born in Iran on August 5,
1955. He received hisBSC degree from sharif University of Technology
1989, M Sc degree from Manchester Universty (UMIST) in 1985 and his
PhD from.Tohoku University, Japan in 1994. Heis head of Iran Dynamic
Research Center (IDRC) and hisresearch interest includes application of
Neural Networks for power system security assessment and operation



	mmmas-100
	I. INTRODUCTION
	II. Problem Formulation 
	III. problem Solution 
	IV. Prediction alternatives
	V. Comparing different algorithms
	VI. Results with different data number
	VII. Different indexes of fitting
	VIII. Model order and number of KSNs
	IX. On-line or Off-line and average technique
	X. Prediction improvement
	XI. Choosing improper sensor nodes as estimator
	XII. Conclusion
	XIII. Acknowledgement

	mmmas-101
	I. Introduction
	II. Infill in RC Structure
	III. Computational Modeling
	A. Reference model
	B. Analyses Methods
	C. Study Parameters
	D. Loading Condition

	IV. Results
	A. Mode shapes
	B. Natural period
	C. Forces and moment in column
	D. Effect of variation of infill amount on story sway
	E. Comparison of base shear

	V. Conclusions

	mmmas-103
	mmmas-104
	I.  Introduction
	II.  SOME GENERAL RESULTS FOR CIRCULAR CONTOURS
	III.REMAINDER KERNELS FOR CHEBYSHEV WEIGHT FUNCTIONS
	IV. THE MAXIMUM OF THE KERNEL FOR CHEBYSEV WEIGHT FUNCTIONS

	mmmas-105
	I. INTRODUCTION
	II. Mathematical model
	IV. Formulation of optimization problem 
	V.  necessary condition of extreme
	VI. Optimal solution with arbitrary terminal moment for statique torque with constant component 
	VII. Optimal solution with arbitrary terminal moment for statique torque with constant component speed proportional component
	IX. The optimal solution for the static couple with a constant component, component proportional with speed and component proportional with the square of speed – solution through simulation
	X. Conclusion

	mmmas-107
	mmmas-108
	mmmas-109



