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Abstract. In light of design features, electromagnetic loads

and operating modes of turbine generators, a irayavave of
electromagnetic force density acting on the outgngents of the
stator end stacks was determined. Concentratiooroé faction
on the edges of the teeth of loose segments igdinted in the
analytical solutions for the ripple bending elentemgnetic
moments acting on the radial and tangential fixifrgstraints) of
the segments. Solutions for bending moments arairadat using
the equivalent concentrated force in terms of gaized

functions. It has been established that, for thiesaf the width
of the teeth and the pole arcs used in turbinergéons, bending
moments are substantially unchanged across theh vafitthe

teeth, regardless of the location of the restraints

Stresses in the segment restraints were deternanddfailure
criteria (if exceeded) were defined. It has beeowshthat the
most dangerous bending stresses are those at thes euf
tangential restraints, as it appears from inspestiof turbine
generators at power plants. Recommendations aren dioe
preventing failure of outer segments in the encdsm@ turbine
generators.
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1. Introduction

During the operation of high-power turbine generstthe

segments of the outer stator stacks may be graduall

damaged [1]. Break-off particles of electrical §teehen
exposed to a magnetic field, can damage the insolaf
the turbine generator stator winding. To prevermnalge,
timely overhaul and replacement of the stator ostacks
is required [2]. As design solutions, along withpioving
the quality of the stator core compaction, bevedel
baked outer core stacks are used. Speaking fronatigp
experience, the technical solutions used extendtithe
between overhauls, but do not radically erase tbblpm.
Further electromechanical analysis is required.

The purpose of this paper is to determine electromagnetic

forces, bending moments and mechanical stressésein
segments of the outer core stacks of the statos, dor
establish criteria for fatigue failure of the statocore

segments

2. Electromagnetic For ces Density

stacks,

Based on the distribution of the axial component of
magnetic field induction on the surface of the segin
the density of the electromagnetic force wave (Malkw
force) acting on the segment is determined, changin
time and space according to the harmonic law of a
traveling wave. The force wave density is propowicto
the square of the magnetic induction component abrm
(orthogonal) to the surface and has a frequenagetiviat
of the induction wave and a spatial period halvEde
force waves act in opposite directions on the oated
inner surfaces of the segment, creating a resufonce
wave. According to the results of numerical compata
the force wave density is concentrated at the edfjtdee
teeth, as verified by simulation and other works 48
This enabled the use of an equivalent concentriates

in computation. The equivalent force increases las t
segment detaches from the stator stack.

3. Momentsin Radial Restraint

An analytical solution is obtained for the bending
moment from the action of a distributed traveling
Maxwell force on a cantilever-mounted plate of stegtor
core segment tooth (with radial restraint). Thealtot
bending moment of the electromagnetic force acting
the plate relative to the radial restraint linel&termined
by integrating the moment density wave over théaser
of the delaminated segment.

Integrating the force wave over the width of thgreent
tooth transformed the traveling wave into a pulgati
wave proportional to the width of the tooth. When
integrating along the length of the tooth to thstnant
line, the concentration of the square of axial otdhn at
the edge of the segment was considered and thé- Sain
Venant's principle was applied. A solution is obéal in
terms of generalized functions, which corresponals t
replacing the distribution of the electromagnetizcé
density with an equivalent force concentrated atetige
of the segment.

The bending moment relative to the radial restrasnt
similar to the moment of a cantilevered beam and is
proportional to the equivalent force at the edgethsf



tooth and the arm of this force from its applicatigp to
the restraint line.

4. Momentsin Tangential Restraint

A solution was also obtained for the bending monuzr

to the action of a distributed Maxwell force on a
cantilever-mounted tooth of a stator core segmetit &
tangential restraint (tooth support or vent fingd@ie total
bending moment of the electromagnetic force redatiy
the tangential restraint line, as before, is deieeoh by
integrating the moment density over the surfacethef
delaminated segment with the transformation of the
traveling force wave into a pulsating one. The atitg
wave of moment with tangential restraint is phasiétes
relative to the moment with radial restraint by amgle
depending on the position of the tangential restrai

It was shown above that the change in the forceewav
across the width of the stator tooth is insignificadue to
the small ratio of the tooth width to the lengthtioé pole
arc. This is especially true for the unfixed sectaf the
tooth from the lateral edge up to the tangentistiraént.

It should be noted that here there is a direct oshpéthe
force density on the restraint. In this case,ttial force
on the radial section of the edge of the segmenfis
significance, that is, the integral over this sattbdf the
force density, which, under conditions of concetitraof
the force density on the edge of the segment, latsds to
the problem statement in terms of generalized fanst

The bending moment in a tangentially restrainedepia
similar to that of a cantilever beam located altimg edge
of the plate, with an equivalent force uniformlgtibuted
along the length from the lateral edge up to tis¢raat.

The bending moment is equal to the product of the
equivalent force concentrated on the radial edgéhef
tooth in the center between the tangential edgehef
segment and the restraint, and the arm of thisefog to
the restraint line.

5. Comparison of Stresses

A comparison of mechanical stresses with radial and
tangential restraint (Fig. 1, 2) shows that theigts
strength limit is exceeded when the radial restrasn
removed an order of magnitude further from the akdi
edge of the segment tooth than the tangentialaiastis
removed from the lateral edge of the tooth. Théedéhce
between the moments of resistance is that the taiafje
restraint is not subject to an impact averaged dker
width of the tooth, but to a direct impact of theximum
values of the force wave. Therefore, one can exfrext
onset of segment failure from a rupture along the
tangential restraint line from the edge of the hoathich
corresponds to the results of turbine generatmseictions

at power plants during operation [1].

As can be seen from Fig. 2, with an axial induction
exceeding 1 T and delamination from the tangential
restraint by 10 mm or more, the bending stressethen
restraint exceed the fatigue strength limit, arithature of
the delaminated segment from the radial edge atbag
tangential restraint is possible.

From Fig. 1 it is evident that with an axial indoct
exceeding 1 T and delamination from the radialraést

by 100 mm or more, the bending stresses exceed the
fatigue strength limit, and a fracture along theliah
restraint is possible. Thus, delaminations withgtartial
restraint are more dangerous.

Design solutions must be adopted to prevent such
failures, especially in the case of delaminatiorthwi
tangential restraint. Periodic monitoring of thendibion

of the outer stacks is required to prevent delatitina
and failure of the outer segments

6. Conclusion

6.1. Bending stresses are proportional to the square
of the equivalent axial induction. In low and mediu
power turbine generators up to 300 MVA with endaare
axial induction of less than 1 T, bending stressssa
rule, do not exceed permissible values.

6.2. In turbine generators with a capacity of over 300
MVA, electromagnetic loads, including axial indwatj
increase in the end area, and special design cotutire
required to prevent delamination of the outer segme
and limit bending stresses.

6.3. A widely used technical solution for limiting the
impact of axial stator winding leakage fields or thain
core stacks is the use of outer stepped bevelelissta

the form of magnetic shunts.

6.4. To improve the mechanical strength of the outer
segments, it is recommended to make them from
isotropic electrical steel.

6.5. Delamination of segments with tangential
restraint leads to dangerous stresses at distamcesder

of magnitude smaller than for radial restraint ogt
segment. If admissible stresses are exceedednitied i
rupture of the segments may occur along the tarajent
restraint in the radial direction.

6.6. It is recommended to place the tangential
restraint (tooth support or vent finger) at a dis& of
less than 10 mm from the lateral edge of the segammh

to structurally secure the segment edges to prevent
delamination
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Bending stresses, MPa
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Fig. 1. Bending stresses in radial restraint.
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Fig. 2 Bending stresses in tangential restraint



