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Introduction

In this paper is described one practical example of the replacement (reconstruction)
of the active steel end zone of the turbo-generator n.1 which operates in REK Bitola,
with purpose to improve the condition of the turbo-generator from magnetic point of
view during the modernization for increasing the power. Turbo-generator is type
TVV 200-2A produced by “Elektrosila”, Russia. The stator winding is cooled di-
rectly with distillate. The rotor winding, the stator core, and the housing are cooled
with hydrogen. The reconstruction itself covers replacing more elements which are:

— Replacement of five end packs of each active steel end zone, which are manufac-
tured in monolithic (backed) version and with successive reducing of its height.

— Reconstruction of the pressure rings with simultaneous installation of new en-
larged copper screen on the pressure rings.

— Additional fingers for better tightness and intensifying the cooling of the end zones
— Stabilization of the pressing tightness of turbo-generator core active steel with
installing special spring devices so called pressure accumulators.

During the realization of the reconstruction special tools, devices and equipment
have been used. Also for all examination which have been done protocols (test re-
ports) have been made. Every test report consist from: test object, basis, criteria of
control, test results and conclusion on the test results.
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Turbo-generator long-term operation is characterized by active steel degrada-
tion processes. Under the influence of temperatures, electrical field strength, mechanical
impact, and vibration effects, cooling media influence the aging of active steel, insulation,
conductors take place. As a rule, most of damages occurs on active steel in end zone of the
stator core. Pressing slackness results in individual lamination vibrations, its breakage
with consecutive damage of stator winding main insulation and inadmissible overheating
of toothing on bore surface. Sudden failures become more frequent and cause consider-
able loss due to downtime and recovery.
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All turbo-generators, which work beyond the bounds of their specified life, have
reduced possibilities in operation under maximum load conditions and under reactive
power duty because of inadequate condition of active steel end zones.

One of cardinal solutions for turbo-generator renewal and its service life exten-
sion consists in modernization of the stator with its rewinding and partial active steel re-
placement.

This modernization was done on the generators type TVV-200-2A in TPP
Bitola, and is subject of this paper.

Analysis
Description of the reconstruction

The reconstruction itself is done by replacing more elements [2] which are:

— Replacement of five end packs of each active steel end zone, which are manufactured
in monolithic (backed) version and with successive reducing of its height from inside
towards the ends.

For reducing the loses and heating of the stator core so called “magnetic shunt” is ap-
plied. It represents special packs from electro-technical steel, similar to the packs
from the basic core, but in length of 36.5 mm first, 31 mm second, 24 mm third, 18 mm
forth, and 18.5 mm the fift pack from the inside towards the end with hard pressure
with fingers (fig. 1). The way they are placed these packs do not change the basic mag-
netic flow, but they short circuit the axial flows from dispersing on the end parts of
stator winding with cutting from pressure cooper screen. For better ventilation of the
magnetic shunt, magnetic shunt itself is separated from basic core with pressure fin-
gers.

On fig. 2 monolithic (backed) packs which were mounted on the end parts of the
stator magnetic core of turbo-generator n.1 in TPP Bitola are presented. As it can be
seen packs are reducing in diameter going from the inside towards the end of the core
but they are also reducing in thickness in the same direction.

On fig. 3 modernized end part of the magnetic stator core of turbo-generator n.1 in
TPP Bitola is presented.

— Reconstruction of the pressure rings with simultaneous installation of new enlarged
copper screen on pressure rings. Active steel end zone manufacturing as a "magnetic

1 — stator housing
2 — stator rib

Figure 1. Modernized end part of
stator magnetic core for turbo-gen-

3 — stator magnetic core

4 — pressure ring > .
5 — monolithic stator pack erator n.1 in TPP Bitola

6 — pressure finger
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shunt" with simultaneous installation
of new enlarged copper screen on
pressure rings ensures low tempera-
tures under reactive power con-
sumption conditions.

— Additional fingers for better tight-
ness and intensifying the cooling of
the end zones.

— Stabilization of the pressing tight-
ness of turbo-generator core active
steel with installing special spring de-
vices so called pressure accumula-

Figure 2. Monolithic packs for replacement of the
end part of stator magnetic core for turbogenera-
tors. tor n.1 in TPP Bitola

In the process of the turbo-generator

operation the core tightness may loosen
as a result of working influences on the
active steel end zone (i. e., temperature,
vibration).

The efficient method of restoring the
active steel tightening force at the first
and the second loosening stages is the in-
stallation of special spring devices havin =
the specified lajlnd adjEstaﬁle pressure ung- rrl_[’“};’l ﬁ; !’if'{
der the core tightening nuts(fig. 5). P —a1

The spring blocks (pressure accumu- : ”f | {,{7’7/’ ﬁ@ (!' f

lators all together 20 from each side of r'r

the core) are mounted after carrying 3

out the \ivc.)rks on the teeth l.ocal repairs Figure 3. Modernized end part of the magnetic
and additional works ensuring the core  stator core of turbo-generator n. 1 in TPP Bitola
pressure rings movability.

The technology of mounting the
pressure accumulators has its own pecu-
liarities, which lie in observing the mea-
sures for preventing the penetration of
particles of steel parts machined into the
stator winding (into the slot part and end
winding).

On fig. 6 one pressure accumulator
which has been mounted on turbo-gen-
erator n.1 in TPP Bitola is presented.

Into the process of mounting the
pressure accumulators the measure-
ment aimed at detection of short-circuits
between active steel partial laminations
shall be performed. For this purpose the

) . ] Figure 4. Monolithic end pack of the stator
most appropriate is the active steel test  magnetic core in the process of mounting for
at low induction densities (ELCID). turbo-generator n. 1 in TPP Bitola
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1- stator housing
2 — stator rib |
10 —1 Figure 5. Spring blocks which are
—" used for pressure on the stator

magnetic core, so called pressure
| "2 accumulators

: o 3 — stator magnetic core
i M 4 — pressure ring

5 — fixing pad
6 — housing
7 — spring

8 —nut

9 — brake

10 —screw

Figure 6. Pressure accumulator mounted on
turbogenerator n. 1 in TPP Bitola

Realization of the reconstruction

Reconstruction, that is to say re-
placement of the end packs from mag-
netic stator core was done successive
and during the performance of the op-
erations special equipment and con-
temporary diagnostic methods were
used. Also, examinations were made for
assessment of technical conditions of
the turbo-generator stator core before
and after the reconstruction.

For all examinations protocols (test
reports) were made. In every protocol
exactly is known: test object, basis, crite-

ria of control, used equipment, test results, and conclusion on the test results. Examina-
tions which were carried out during the reconstruction were:

(1) Check of core linear dimensions
— core dimensions before disassembly,

Figure 7. Instrument ELCID and probes in process of electromagnetic control of stator core
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— thickness of the newly installed ' [

packs, exciter side, NIV
— thickness of the newly installed e . Rf

packs, turbine side, and = v
— core dimensions in pressed condi- E\Q@ .
tion. | 50 Hz

(2) Electromagnetic inspection of ac-
tive iron lamination faults by using
automatic inter-lamination fault
monitoring system (ELCID) ac-
cording to [5] standard IEEE
62.2-2004 in which current bigger
than 100 mA while induction in
yoke is 4% from nominal one, in- VA, ‘
dicates isolation disturbance. ‘

(3) Core ring flux test (for heating
and loses) [3] with measurement
of core bore surface temperature
using infra-red equipment ac-
cording to which:

— biggest allowed core teeth heat-
ing 25 °C,

— biggest allowed difference of heating the teeth compared to core 15 °C, and

— specific loses when induction is 1.4 T should not be bigger than 2.2 W/Kg.

The examinations were carried out with current of 400 A, 50 Hz from 0.4 kV source
with one magnetization winding around the core, one control winding and induction
of 1 T in duration 72 minutes according to the following scheme.

For discovering the hot spots infra-red digital camera type IR928 was used while for
measurement of the loses power analyzer type NORMA 4000 was used.

(4) Visual control of the yoke and the elements of reinforcements of the magnetic core
(magnifying glass 4x and hammer 400 g were used).

Ultrasonic control of the tightness of the pressured stator core according to criteria
from the instruction [1] “Conduction of overhaul and modernization of the active
steel with using contemporary methods for diagnostics and technical control of the
condition of the stator of the turbo-generator”i. e., average value of the velocity of the
wave on 1 mm length of the packs for monolithic (backed) and ordinary packs (in
ps/mm):
— good condition of the teeth: less than 0.8 for backed 1.5 for ordinary,
— satisfactory condition of the teeth: 0.8-1.2 for backed, 1.5-2 for ordinary,
—initiation of loosening the tightening force:1.2-1.8 for backed 2-2.5 for ordinary, and
—loosened tightness: bigger than 1.8 for backed and 2.5 for ordinary.

For the system of pressure finger-pack:
— good condition: less than 15 ps, and
— satisfactory condition: less than 20 pus.

(Ultrasonic defectoscope with frequency of 60 Hz type YD2N-PM and complete

of probes were used)

Figure 8. Connection scheme for core ring flux test

Figure 9. Handling the probes for measurement of:
(a) pressure finger — pack and (b) pack from tooth
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(5) Technical examinations for determining the condition of the pressure accumulators
which consist of: (a) condition of the stator core, (b) position of the pressure ring of
the stator core towards the housing, (c) correction of the clearance between the pres-
sure ring and the stator housing, (d) Installation (setting) of the pressure accumula-
tors with special hydraulic equipment with force of 1 ton, which is equal to the
pressure of the stator core of 18 kg/cm?, () control of the tightness of the pressure ac-
cumulators, (f) position of the pressure ring of the stator core towards the housing af-
ter tightening the pressure accumulators, and (g) subseque nt.

Change in the absolute distances that people and freight travel. While this is con-
ceptually the most straightforward of the ways to affect greenhouse gas emissions from
transport, it is often the most difficult to put into practice. This is because reducing trans-
port activity requires individuals to change their behavior. Some examples of technolo-
gies and policies that could produce activity reductions are optimizing logistics for goods
delivery, telecommuting, and designing compact towns and cities with mixed-use zoning.

Conclusions

Taking into consideration that with this reconstruction of the end packs of the
stator core work of the generator in regime of under-excitation is allowed and knowing
that the thermo power plant Bitola is at the big distance from the consumption of the en-
ergy, conduction of the modernization is obligatory.

Also, this reconstruction is a part of a complete modernization which involves
replacement of the stator winding and reconstruction or complete replacement of the ro-
tor with the new one. It must be emphasized that this reconstruction is performed only if
complete replacement of stator winding was planned in advance. If complete replace-
ment of stator winding was not planned in advance, this reconstruction should not be per-
formed because of the real risks of possible damages on the stator winding as a result its
removing and putting it back.

Magnetic shunt reduces the heating of the end packs stator core 2-3 times com-
pared to the basic construction. It also allows generator work in capacitive regime, that is
to say regime of under-excitation without large heating of the end packs of the stator core.

Effectiveness of modernization:

— service reliability of the generator is improved,

— operational characteristics range of the generator is enlarged including operation
with more profound reactive power consumption,

— stator service life is extended by 15 years (120,000 working hours),

— overhaul life is 6 years (50,000 working hours), and

— availability factor of the turbo-generator is increased.
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Ancrpakr
Tonu ITACHHAJIOBCKH', Banzeauya JOBAHOBCKA*?

IEJIEM-Ckomwne, Makeonnja
2@akynrer GHOTEXHMIKHX HAYKa, BaTob, Makenonnja

IIpouec 3amene KpajeBa CTaTOPCKOT
MAarHeTHOT je3rpa Typooreneparopa

Y 0BOM pajy M3HET je jegaH mpakTHYaH mpuMep 3a 3aMeHy (PEKOHCTPYKIH]Y)
KpajHUX TIaKeTa M3 CTAaTOPCKOI MAarHeTHOT je3rpa TypOoreHeparopa Opoj 1 y
TepmoenekTpanu y Butospy, mpu peanusainuju MojiepHu3alyje y by noBeharma ak TuBHE
caare. Typboreneparop je Tuma TVV-200-2A mpowussenen y "Exekrpocuna”, Pycuja ca
CTATOPCKUM HaMOTajuMa KOjU ce XJajfie AUPEKTHO ca JECTHJIOBAHOM BOJIOM, JOK C€
POTOPCKY HAMOTaj, MAarHeTHO jeIpO M KYUHIITE XJIAJ¥ CE FaCOM-BOJJOHUKOM.
Pexoncrpykiyja je o6yxBaTuiia 3aMeHy BHIIIE €JIeMeHaTa 1 TO:

—3aMeHy KpajHHX [IeT akeTa ca 00e CTpaHe MarHeTHOT je3rpa MOHOJUTHE KOHCTPYKIIHje ca
3HAYajHAM CMambeheM BICHHE TTaKeTa,

— PEKOHCTPYKIHjy MOTUCHE TUIOYE ca YMETamheM OaKapHOT NMpCTeHa,

— yMeTamwe JIOlaTHUX MpCTUjy 300T NpuuBpllTaBama U noBehaBamwa xiabemwa KpajHUX
nakeTa, 1

— crabunm3anyjy AUXTOBama je3rpa TypOoreHepaTopa ca IMOCTaB/balkbeM CIEIHjaliHe
HaBPTKE ca KOHCTAaHTHUM IIPUTHCKOM.

[Ipu peanm3anmjn peKOHCTPYKIH]jE Cy YIOTpeOJbeHe CIeIHjallHe KOHCTPYKIAje 1
pUMekeHe CaBPeMEHEe METOJIE 3a IMjarHOCTUKY M KOHTPOITy KapaKTEepUCTHKE Kao cTape
n3Benoe (Ipe 3aMeHe) TaKo | Mocie U3BPIIeHe PEKOHCTPYKIH]e.

3a cBa u3BpllIcHA UCIIUTHBAa HAIIPaB/bEHHU CY MPOTOKOJH Y KOjUX ce TaYHO 3Ha!
Wb NCIIUTHBAaa, yIOTPeO/HEeHNX aapaTa, HHCTpPyMeHaTa 1 KO je H3BPIINO Mepema.

Kibyune peun: iiypbozenepaitiop, 3amera, KpajHu daxeiiu
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