Damper Windings Performance Evaluation in Large
Hydro Electrical Generators

A. Merkhouf, A. Aguiar,

M. Chaaban, C.Hudon

Research Institute of Hydro Quebec (IREQ)
1800 Lionel-Boulet, Varennes (Québec) J3X 1S1, @ana
merkhouf.arezki@ireq.ca

Abstract— the predictions of the induced current in the damer
windings with acceptable accuracy are the key paraaters for
temperature-rise calculations damper windings for ay
considered up-rate of existing large hydro electrial machines.
The measurement of the damper bar current is in mdsof case
impossible because of the inaccessibility of thesendings; where
all the bars are imbedded in the pole face. In tki paper, the
induced currents in the damper windings of large hgro electrical
generator are computed based on the finite elememhethod at
different conditions. The computed damper currens and
corresponding Joule losses were used as input toettdeveloped
thermal model to evaluate the damper bar windings hermal
capability at higher load. The obtained result sule as flux density
in the air gap, induced damper bar current and coresponding
temperature will be discussed and compared with theavailable
test data.

Index Terms— damper bar windings, hydro-generator, slot
ripple frequencies and eddy currents.

I. INTRODUCTION

The computation of the induced currents in varidasi\per bar
winding is a fairly complex problem in electricalaghine in
operation, especially with fractional slot machingkich is
almost always the case with large hydro electrinathines.

The frequencies, magnitude of these currents arer th

distribution,
parameters:

The number of bars per pole; the distribution efstihbars

are significantly affected by the I&ling

analysis of synchronous machines has now becorsibfedor
performing simulations studies using electromagnitinsient
finite element analysis (FEA) including actual staand rotor
winding topology. The finite element analysis walseady
used to compute the eddy current in the damper imgnd
during starting [2]. The simulation of unbalancegemtion
condition of an electrical machine but specificaftyr the
design of the damper bars of single-phase synchsono
generators was also reported in [3], this work eetended in
[4] to evaluate damper bar performance during istrfarge
salient pole synchronous machines; however the darnar
temperature in this last case [4] were computegl baked on
adiabatic heating without considering any heatdiemin air
gap and in the pole face area. Recently additimsaes in
the damper bars were also computed analytically and
numerically [5] but without any test validation any
consideration for the thermal capability of the gambars.

In this present paper, electromagnetic finite elgnanalyses
were carried out in order to compute the inducedecits in
the damper windings at different operating condgicand
higher ratings (0 %, 71 %, 100 % and at 120 %). dthtained
currents were then used to evaluate the dampethleamal
capability. More details about the thermal modeld an
associated assumptions will be given in the fir@bgy. The
computed damper bar temperature were compared o th
measured test data at different operating condition

across the pole face; the bar permeances, detetming MATHEMATICAL MODELING AND BASIC ASSUMPTIONS

primarily by the dimension of the slots above thasb
And the connection of the amortisseur winding betwe
poles, or the lack of such connection

The shape of the air gap (ratio of maximum to minim
air gap, pole face geometry, second pole face sadi
etc..); number of slots, slot pitch and slot dinmiens in
the stator core; the amplitude and frequencies hef t
armature reaction mmf waves.

A number of other designs variables are not listbdve,
which my have a second order effect but their adtons are
not necessarily negligible. The temperature coatpuri of
the damper winding during rated operation or duramy
asymmetrical fault requires an accurate predictainthe
induced current distribution in the damper circuitBhe
damper current distribution for steady-state openabas been
traditionally calculated with d- and g-axis synahiwos
machine equivalent circuits [1]. The accuracy af golution
for the bar currents is, however, limited by theuacy with
which the d- and g-axis circuit parameters can dterdhined.
Due to the advent of powerful computing workstagiothe

u

The mathematical formulation of electromagneticngiant
finite-element model of synchronous machines indgdhe
external circuits and rotor motion has been presliou
described in many references since recent yeahsasiin [4]
and [5]. The present work is an application cfséh many
developed FEA methods over the years for the etialu®f
the damper bar winding performance of existing darg
hydroelectric generator at different operating dbods. The
different carried analyses were performed basedtvem
dimensional finite element code, where the generatad is
represented by external impedance. The studieergtem has
the following rating: 122.6 MVA, 13.8 kV, 504 sit60 poles
and 6 damper bars per pole, and has a fractiork sl
windings. Since the number slots per pole per pags-4/5
slots per pole per phase. Therefore, a fifth poledeh is
required for modeling the winding pattern. In orttecompute
the eddy current distribution in the damper acalyatvery
fine mesh in the damper bars is required where ntioze
500,000 elements were used in total in this comsitistudy.
The mesh density distribution for studied geners@hown in



Fig. 1. A very small time step of few microsecomdss chosen
during this simulation. The use of very fine tisteps gives
the possibility to capture practically all the axig harmonics
involved in this study.

Figure 1. Mesh density distribution in the generato

The heat conduction in the stator and in the ristanalyzed
by solving numerically the Fourier partial diffetezh
equation:

(

WherekK,, K,, K,are the thermal conductivity coefficients in x,
y and z directionsTJ is the temperaturé, Y, Z are the spatial
coordinates,Q is the heat source is the density,C the
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thermal capacity and is the time.The heat losses in the

damper bars are introduced as volumetric heat eain?).
They are evaluated by integrating the Riss resulting from
the induced current harmonics in these bars anit &e
resistance at the prevailing frequencies

Special site tests were performed to determineptile face
and the damper bars temperature during differeetraijmg
condition (0%, 71 %, 100 % and 120 %). Even ifsome
cases temperature could vary from on pole to th, 0@ the
generator tested here only one pole was instrurdewith

several thermistors, there were connected to aldgtger to
store data during various operating conditionse dhta were
stored in data logger for more than 10 Hours.

SITE TEMPERATURE MEASUREMENT

IV. RESULTS AND DISCUSSION

During this carried study, electromagnetic simolasi were
carried out at rated conditions (123.1 MVA, 0.9.pand an
excitation current of 739 A), at 146 MVA and no-dbeated
voltage. Fig. 2 shows the corresponding inducethpds
current waveform at 100 % load, where the presehtégher
harmonics can be easily observed, such as therigipke

frequencies of 1008 Hz. The presence of highenbaics in

the damper current windings will certainly leaddhe increase
of the there corresponding temperature. The teabper
distribution in the damper bars are function ofddaut also
function of the fluid dynamics phenomena and cqoesling

heat transfer coefficient in the air gap and thée gace area.
Figure 3 shows the measured temperature on ditfel@mper
bars at different load (rated voltage no-load, 71199 % and
at 120 %). It can be observed that from this figlirthat the
damper temperature are load dependent and alamiiotmly

distributed across the pole face area. In thitiqular case it
was not possible to measure the damper bar curesatuse of

the inaccessibility of the damper windings (all ¢em
windings are embedded in the pole face). The coisgar
between measured and computed temperature atediffeated
condition are summarized in table 1 where it cambserved
that the model predictions are in general in a gagikement
with the test data.  More details will be giventhe extend

paper.
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Figure 2. Damper bar current spectrum at 100 % load
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Figure 3. Measured damper bar temperature at diffeent operating
conditions
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Table 1: Comparison between measured and computethmper bar
temperature

146.55 MVA 123.08 MVA

Calc. | Meas| Calc. Meas.

Power level 0 MVA

Calc.

Meas.

80.0
83.6
87.4
80.0
71.8
69.9

68.9
74.8
78.6
71.1
63.5

61.2

T-damper #1
T-damper #2
T-damper #3
T-damper #4
T-damper #5
T-damper #6

39.

43

48

48

43
38.9

88.6
85.9
80.0
75.3

80.

79.9
73.4
68.4

9 488
6 525
4 514
7 475
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