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Preface

Dear reader, we would like to introduce you the proceedings from the First
“Global Virtual Conference” - International Conference, which was held at
www.gv-conference.com during dates 8. — 12. April 2013. Together 255 scientific
papers were submitted for this event. Participants had many fruitful discussions and
exchanges that contributed to the success of the conference. International
participation from 39 countries made the conference truly varied in geographical
area and scope. Together 128 papers, which were presented on the first Global
Virtual Conference, formed the heart of the conference and provided sample
opportunity for discussion.

Each submitted paper went through reviewing process. Each accepted paper has
been sent to at least two reviewers from the reviewers and Scientific Committee.

The Global Virtual Conference introduces 22 sections covering wide range of

research problems:

e  Business Management,

e  Marketing,

e  Economy and Business Economics,

e  Public service, Law,

e  Financing and Accounting,

e  Psychology, Sociology and Pedagogy,
Social Science,

e  Medicine,

e  Veterinary medicine,

e Art, Religion, History, Culturology,

Philosophy,
e  Linguistics,
e  Ecology,

Agriculture,

Natural science - mathematics,
Natural science - chemistry,
Natural science - biology,
Natural science - physics,
Electronics, Electrical Systems,
Electrical Engineering,

Energy,

Industrial and Civil Engineering,
Informatics,

Information Technology,
Transport and Logistics

Notably, this was the 1* time for Global Virtual Conference.

Generous support for this conference was provided by Goce Del¢ev University
of Stip in Macedonia and THOMSON Ltd. Slovakia.

We have many people to thank. We would like to say thanks to all authors who
submitted their papers. We would like to say thanks to all reviewers who reviewed

submitted papers. They made really good job.

In the name of the Organizing committe?

April, 2013

—

Docjm .' gé:kpo V*E;j%sii, Ph, .I GQ& D
g

Faculty of Mechanical Engineering
Univerzity Goce Delcev — Stip
Republic of Macedonia
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Replacement (reconstruction) of the active steel end
zone of the turbogenerator

Toni Paspalovski
ELEM-Skopje,Macedonia paspalt@yahoo.com

Natasa Mojsoska

Faculty of Tehnical sciencies - Bitola,
email: natasamojsoska@yahoo.com

Vangelica Jovanovska

Faculty of Biotehnical sciencies - Bitola,
email: vangelicaj@yahoo.com

Abstract - There are five physical elements of the transport sector
that can be changed to reduce emissions: Vehicle efficiency,
greenhouse gas intensity of the fuel used, level of transport
activity, mode of transport chosen, and amount of capacity used.
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 directly with distilate. 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 manufactured in monolithic (backed) version and with
successive reducing of its height

Reconstruction of the pressure rings with simultaneous
installation of new enlarged 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
reports) have been made. Every test report consist from: test
object, basis, criteria of control, test results and conclusion on the
test results.

Key words— Turbogenerator,replacemant,end packs

I. INTRODUCTION

Turbo-generator long-term operation is characterized by
active steel degradation processes. Under the influence of

Nikola Jovanovski

Tim Jugoelektro Bitola
Marsal Tito 154/31 e-mail: timjugo@t-home.mk

Zlatko V.Sovreski

University Goce Delcev - Stip Macedonia
zlatko.sovreski@ugd.edu.mk

temperatures, electrical field strength, mehanical impact and
vibration effects, cooling media influence the aging of active
steel, insulation, conductors take place. As a rule, most of
demages occurs on active steel in end zone of the stator core.
Pressing slackness rezults in individual lamination vibrations,
its breakage with consecutive demage of stator winding main
insulation and inadmissible overheating of toothing on bore
surface. Suuden failures become more frequent and cause
considerable loss due to downtime and recovery.

All turbo-generators, which work beyond the bounds of
their spacified life, have reduced possibilities in operation
under maximum load conditions and under reactive power duty
becouse of inadequate condition of active steel end zones.

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

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

II.  ANALYSIS

A. Description of the reconstruction

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

1.  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 looses and heating of the stator core so
called “magnetic shunt” is applied. 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. (picture 1)
The way they are placed these packs do not change the basic
magnetic flow, but they short circuit the axial flows from
dispersing on the end parts of stator winding with cutting from

1st Global Virtual Conference
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pressure cooper screen. For better ventilation of the magnetic
shunt, magnetic shunt itself is separated from basic core with
pressure fingers.

1.stator housing 2.stator rib 3.stator magnetic core 4.pressure
ring 5.monolithic stator pack 6.pressure finger

Figure 3. Modernized end part of the magnetic stator core of turbo-
generator n.1 in TPP Bitola

Figure 1. o
Modernized end part of stator magnetic core for turbo-generator n.1 in TPP

Bitola

On picture 2 monolitic (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.

Figure 4. Monolithic end pack of the stator magnetic core in the process of
mounting for turbo-generator n.1 in TPP Bitola

2. Reconstruction of the pressure rings with
simultaneous installation of new enlarged copper screen on
pressure rings. Active steel end zone manufacturing as a
“magnetic shunt” with simultaneous installation of new
enlarged copper screen on pressure rings ensures low
temperatures under reactive power consumption conditions

3. Additional fingers for better tightness and intensifying
the cooling of the end zones

Figure 2. Monglithic packs for replacement o_f the end.pan of stator 4. Stabilization of the pressing tightness of turbo-
magnetic core for turbogenerator n.1 in TPP Bitola - 1 . . . .
generator core active steel with installing special spring devices
so called pressure accumulators.

On picture 3 modernized end part of the magnetic stator
core of turbo-generator n.1 in TPP Bitola is presented. 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
installation of special spring devices having the specified and
adjustable pressure under the core tightening nuts.(figure 5)

1.stator housing 2.stator rib 3.stator magnetic core 4.pressure
ring 5.fixing pad 6.housing 7.spring 8. nut 9.brake 10.screw

1st Global Virtual Conference SECTION
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Figure 5.Spring blocks which are used for pressure on the stator magnetic
core, so called pressure accumulators

The spring blocks (pressure accumulators all together 20
from each side of the core) are mounted after carrying out the
works on the teeth local repairs and additional works ensuring
the core pressure rings movability.

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

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

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

Into the process of mounting the pressure accumulators the
measurement aimed at detection of short-circuits between
active steel partial laminations shall be performed. For this
purpose the most appropriate is the active steel test at low
induction densities (ELCID).

B. Realization of the reconstruction

Reconstruction, that is to say replacement of the end packs
from magnetic stator core was done successive and during the
performance of the operations special equipment and
contemporary  diagnostic methods were wused. 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, criteria of
control, used equipment, test results and conclusion on the test

results. Examinations which were carried out during the
reconstruction were:

Figure 8. Connection scheme for core ring flux test

1. Check of core linear dimensions

a) Core dimensions before disassembly

b) Thickness of the newly installed packs, Exciter side
c) Thickness of the newly installed packs, Turbine side
d) Core dimensions in pressed condition

2. Electromagnetic inspection of active iron lamination
faults by using automatic inter-lamination fault monitoring
system (ELCID) according to standard IEEE 62.2-2004 in
which current bigger than 100mA while induction in yoke is
4% from nominal one, indicates isolation disturbance.

making stator core fault detection easier

Digital ELCID

Figure 7. Instrument ELCID and probes in process of electromagnetic control
of stator core

3. Core ring flux test (for heating and looses) with
measurement of core bore surface temperature using infra-red
equipment according to which:

e Biggest allowed core teeth heating 25°C
e Biggest allowed difference of heating the teeth
compared to core 15°C

e Specific loses when induction is 1.4T should not
be bigger than 2.2 W/Kg
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Figure 8.Connection scheme for core ring flux test

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

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

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

Ultrasonic control of the tightness of the pressured stator
core according to criteria from the instruction “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 1mm length of the packs
for monolithic (backed) and ordinary packs (in ps/mm)

e Good condition of the teeth: less than 0.8 for backed
1.5 for ordinary

e Satisfactory condition of the teeth: 0.8-1.2 for backed,
1.5-2 for ordinary

o Initiation of loosening the tightening force:1.2-1.8 for
backed 2-2.5 for ordinary

o Loosened tightness: bigger than 1.8 for backed and 2.5
for ordinary

For the system of pressure finger-pack
e  Good condition: less than 15 ps
o Satisfactory condition: less than 20 ps

(Ultrasonic defectoscope with frequency of 60 Hz type
YD2N-PM and complete of probes were used)

Figure 9. Handling the probes for measurement of:

A) pressure finger — pack B) pack from tooth

6. Technical examinations for determining the condition of
the pressure accumulators which consist of: 1. condition of the
stator core, 2. Position of the pressure ring of the stator core
towards the housing, 3. Correction of the clearance
between the pressure ring and the stator housing, 4. Installation
(setting) of the pressure accumulators with special hydraulic
equipment with force of 1 ton, which is equal to the pressure of
the stator core of 18 Kg/cm?, 5. Control of the tightness of the
pressure accumulators, 6. Position of the pressure ring of the
stator core towards the housing after tightening the pressure
accumulators, 6. Subsequent

Change in the absolute distances that people and freight
travel. While this is conceptually 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 transport activity requires individuals to change their
behavior. Some examples of technologies and policies that
could produce activity reductions are optimizing logistics for
goods delivery, telecommuting, and designing compact towns
and cities with mixed-use zoning.

III. 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 energy, 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
rotor 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
replacement of stator winding was not planned in advance, this
reconstruction should not be performed 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 compared 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
e  Service reliability of the generator is improved

e Operational characteristics range of the generator is
enlarged including operation with more profound
reactive power consumption

e Stator service life is extended by 15 years (120000
working hours)

e Overhaul life is 6 years (50000 working hours)

e  Availability factor of the turbo-generator is increased
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