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Partial Re place ment of the Ac tive
Steel on the Turbo gen era tor End Zone

Orig i nal sci en tific paper

In this pa per is de scribed one prac ti cal ex am ple of the re place ment (re con struc tion)
of the ac tive steel end zone of the turbo-gen er a tor n.1 which op er ates in REK Bitola,
with pur pose to im prove the con di tion of the turbo-gen er a tor from mag netic point of 
view dur ing the mod ern iza tion for in creas ing the power. Turbo-gen er a tor is type
TVV 200-2A pro duced by “Elektrosila”, Rus sia. The stator wind ing is cooled di -
rectly with distillate. The ro tor wind ing, the stator core, and the hous ing are cooled
with hy dro gen. The re con struc tion it self cov ers re plac ing more el e ments which are:
– Re place ment of five end packs of each ac tive steel end zone, which are man u fac -
tured in mono lithic (backed) ver sion and with suc ces sive re duc ing  of its height.
– Re con struc tion of the pres sure rings with si mul ta neous in stal la tion of new en -
larged cop per screen on the pres sure rings.
– Ad di tional fin gers for better tight ness and in ten si fy ing the cool ing of the end zones 
– Sta bi li za tion of the press ing tight ness of turbo-gen er a tor core ac tive steel with
in stall ing spe cial spring de vices so called pres sure ac cu mu la tors.
Dur ing the re al iza tion of the re con struc tion spe cial tools, de vices and equip ment
have been used. Also for all ex am i na tion which have been done pro to cols (test re -
ports) have been made. Ev ery test re port con sist from: test ob ject, ba sis, cri te ria of
con trol, test re sults and con clu sion on the test re sults.
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In tro duc tion

Turbo-gen er a tor long-term op er a tion is char ac ter ized by ac tive steel deg ra da -
tion pro cesses. Un der the in flu ence of tem per a tures, elec tri cal field strength, mechanical 
im pact, and vi bra tion ef fects, cool ing me dia in flu ence the ag ing of ac tive steel, in su la tion, 
con duc tors take place. As a rule, most of damages oc curs on ac tive steel in end zone of the 
stator core. Press ing slack ness results in in di vid ual lam i na tion vi bra tions, its break age
with con sec u tive damage of stator wind ing main in su la tion and in ad mis si ble over heat ing
of toothing on bore sur face. Sudden fail ures be come more fre quent and cause con sid er -
able loss due to down time and re cov ery.
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All turbo-gen er a tors, which work be yond the bounds of their specified life, have
re duced pos si bil i ties in op er a tion un der max i mum load con di tions and un der re ac tive
power duty because of in ad e quate con di tion of ac tive steel end zones.

One of car di nal so lu tions for turbo-gen er a tor re newal and its ser vice life ex ten -
sion con sists in mod ern iza tion of the stator with its re wind ing and par tial ac tive steel re -
place ment.

This mod ern iza tion was done on the gen er a tors type TVV-200-2A in TPP
Bitola, and is sub ject of this pa per.

Anal y sis

De scrip tion of the re con struc tion

The re con struc tion it self is done by re plac ing more el e ments [2] which are:
– Re place ment of five end packs of each ac tive steel end zone, which are man u fac tured

in mono lithic (backed) ver sion and with suc ces sive re duc ing  of its height from in side
to wards the ends.
For re duc ing the loses and heat ing of the stator core so called “mag netic shunt” is ap -
plied. It rep re sents spe cial packs from  elec tro-tech ni cal steel, sim i lar to the packs
from the ba sic core, but in length of 36.5 mm first, 31 mm sec ond, 24 mm third, 18 mm
forth, and 18.5 mm the fift pack from the in side to wards the end with hard pres sure
with fin gers (fig. 1). The  way they are placed  these packs do not change the ba sic mag -
netic flow, but they short cir cuit the ax ial flows from dis pers ing on the end parts of
stator wind ing with cut ting from pres sure coo per screen. For better ven ti la tion of the
mag netic shunt, mag netic shunt it self is sep a rated from ba sic core with pres sure fin -
gers.
On fig.  2 monolithic (backed) packs which were mounted on the end parts of the
stator mag netic core of turbo-gen er a tor n.1 in TPP Bitola are pre sented. As it can be
seen packs are re duc ing in di am e ter go ing from the in side to wards the end of the core
but they are also re duc ing in thick ness in the same di rec tion.
On fig. 3 mod ern ized end part of the mag netic stator core  of turbo-gen er a tor n.1 in
TPP Bitola is pre sented.

– Re con struc tion of the pres sure rings with si mul ta neous in stal la tion of new en larged
cop per screen on  pres sure rings. Ac tive steel end zone man u fac tur ing as a "mag netic

T. Paspalovski et al: Partial Replacement of the Active Steel on the Turbogenerator ...
2 TERMOTEHNIKA, 2015,  XLI, 1,  1-7

Fig ure 1. Mod ern ized end part of
stator mag netic core for turbo-gen -
er a tor n.1 in TPP Bitola



shunt" with si mul ta neous in stal la tion 
of new en larged cop per screen on
pres sure rings en sures low tem per a -
tures un der re ac tive power con -
sump tion con di tions.

– Ad di tional fin gers for better tight -
ness and in ten si fy ing the cool ing of
the end zones.

– Sta bi li za tion of the press ing tight -
ness of turbo-gen er a tor core ac tive
steel with in stall ing spe cial spring de -
vices so called pres sure ac cu mu la -
tors.
In the pro cess of the turbo-gen er a tor 

op er a tion the core tight ness may loosen
as a re sult of work ing in flu ences on the
ac tive steel end zone (i. e., tem per a ture,
vi bra tion).

The ef fi cient method of re stor ing the
ac tive steel tight en ing force at the first
and the sec ond loos en ing stages is the in -
stal la tion of spe cial spring de vices hav ing 
the spec i fied and ad just able pres sure un -
der the core tight en ing nuts(fig. 5).

The spring blocks (pres sure ac cu mu -
la tors all to gether 20 from each side of
the core)  are mounted af ter car ry ing
out the works on the teeth lo cal re pairs
and ad di tional works en sur ing the core
pres sure rings movability.

The tech nol ogy of mount ing the
pres sure ac cu mu la tors has its own pe cu -
liar i ties, which lie in ob serv ing the mea -
sures for pre vent ing the pen e tra tion of
par ti cles of steel parts ma chined into the
stator wind ing (into the slot part and end 
wind ing).

On fig. 6 one pres sure ac cu mu la tor
which has been mounted on turbo-gen -
er a tor n.1 in TPP Bitola is pre sented.

Into the pro cess of mount ing the
pres sure ac cu mu la tors the mea sure -
ment aimed at de tec tion of short-cir cuits 
be tween ac tive steel par tial lami na tions
shall be per formed. For this pur pose the
most ap pro pri ate is the ac tive steel test
at low in duc tion den si ties (ELCID).
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Fig ure 2. Mono lithic packs for re place ment of the
end part of stator mag netic core for turbo gen era -
tor n.1 in TPP Bitola

Fig ure 3. Mod ern ized end part of the mag netic
stator core of turbo-gen er a tor n. 1 in TPP Bitola

Fig ure 4. Mono lithic end pack of the stator
mag netic core in the pro cess of mount ing for
turbo-gen er a tor n. 1 in TPP Bitola



Re al iza tion of the re con struc tion

Re con struc tion, that is to say re -
place ment of the end packs from mag -
netic stator core was done suc ces sive
and dur ing the per for mance of the op -
er a tions spe cial equip ment and con -
tem po rary di ag nos tic meth ods were
used. Also, ex am i na tions were made for 
as sess ment of tech ni cal con di tions of
the turbo-gen er a tor stator core be fore
and af ter the re con struc tion.

For all ex am i na tions pro to cols (test
re ports) were made. In ev ery pro to col
ex actly is known: test ob ject, ba sis, cri te -

ria of con trol, used equip ment, test re sults, and con clu sion on the test re sults. Ex am i na -
tions which were car ried out dur ing the re con struc tion were:
(1) Check of core lin ear di men sions
– core di men sions be fore dis as sem bly,
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Fig ure 5. Spring blocks which are
used for pres sure on the stator
mag netic core, so called pres sure
ac cu mu la tors

Fig ure 6. Pres sure ac cu mu la tor mounted on
turbo gen era tor n. 1 in TPP Bitola

Fig ure 7. In stru ment ELCID and probes in pro cess of elec tro mag netic con trol of stator core



– thick ness of the newly in stalled
packs, ex citer side,

– thick ness of the newly in stalled
packs, tur bine side, and

– core di men sions in pressed con di -
tion.

(2) Elec tro mag netic in spec tion of ac -
tive iron lam i na tion faults by us ing 
au to matic inter-lam i na tion fault
mon i tor ing sys tem (ELCID) ac -
cord ing to [5] stan dard IEEE
62.2-2004 in which cur rent big ger
than 100 mA while in duc tion in
yoke is 4% from nom i nal one, in -
di cates iso la tion dis tur bance.

(3) Core ring flux test (for heat ing
and loses) [3] with mea sure ment
of core bore sur face tem per a ture
us ing in fra-red equip ment  ac -
cord ing to which:

– big gest al lowed core teeth heat -
ing 25 °C,
– big gest al lowed dif fer ence of heat ing the teeth com pared to core 15 °C, and
– spe cific loses when in duc tion is 1.4 T should not be big ger than 2.2 W/Kg.

The ex am i na tions were car ried out with cur rent of 400 A, 50 Hz from 0.4 kV source
with one mag ne ti za tion wind ing around the core, one con trol wind ing and in duc tion
of 1 T in du ra tion 72 minutes ac cord ing to the fol low ing scheme.

For dis cov er ing the hot spots in fra-red dig i tal cam era type IR928 was used while for
mea sure ment of the loses power an a lyzer type NORMA 4000 was used.

(4) Vi sual con trol of the yoke and the  el e ments of re in force ments of the mag netic core
(mag ni fy ing glass 4x and ham mer 400 g were used).

Ul tra sonic con trol of the tight ness of the pres sured stator core ac cord ing to cri te ria
from the in struc tion [1] “Con duc tion of over haul and mod ern iza tion of the ac tive
steel with us ing con tem po rary meth ods for di ag nos tics and tech ni cal con trol of the
con di tion of the stator of the turbo-gen er a tor” i. e., av er age value of the ve loc ity of the
wave on 1 mm length  of the packs for mono lithic (backed) and or di nary packs (in
ms/mm):

– good con di tion of the teeth: less than 0.8 for backed 1.5 for or di nary,
– sat is fac tory con di tion of the teeth: 0.8-1.2 for backed, 1.5-2 for or di nary,
– ini ti a tion of loos en ing the tight en ing force:1.2-1.8 for backed 2-2.5 for or di nary, and
– loos ened tight ness: big ger than 1.8 for backed and 2.5 for or di nary.

For the sys tem of pres sure fin ger-pack:

– good con di tion: less than 15 ms, and
– sat is fac tory con di tion: less than 20 ms.

(Ul tra sonic defectoscope with fre quency of 60 Hz type YD2N-PM and com plete 
of probes were used) 
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Fig ure 8. Con nec tion scheme for core ring flux test

Fig ure 9. Han dling the probes for mea sure ment of:
(a) pres sure fin ger – pack and (b) pack from tooth



(5) Tech ni cal ex am i na tions for de ter min ing the con di tion of the pres sure ac cu mu la tors
which con sist of: (a) con di tion of the stator core, (b) po si tion of the  pres sure ring of
the stator core to wards the hous ing,  (c) cor rec tion of the clear ance be tween the pres -
sure ring and the stator hous ing, (d) In stal la tion (set ting) of the pres sure ac cu mu la -
tors with spe cial hy drau lic equip ment with force of 1 ton, which is equal to the
pres sure of the stator core of 18 kg/cm2, (e) con trol of the tight ness of the pres sure ac -
cu mu la tors, (f) po si tion of the  pres sure ring of the stator core to wards the hous ing af -
ter tight en ing the pres sure ac cu mu la tors, and (g) subseque nt.

Change in the ab so lute dis tances that peo ple and freight travel. While this is con -
cep tu ally the most straight for ward of the ways to af fect green house gas emis sions from
trans port, it is of ten the most dif fi cult to put into prac tice. This is be cause re duc ing trans -
port ac tiv ity re quires in di vid u als to change their be hav ior. Some ex am ples of tech nol o -
gies and pol i cies that could pro duce ac tiv ity re duc tions are op ti miz ing lo gis tics for goods
de liv ery, telecommuting, and de sign ing com pact towns and cit ies with mixed-use zon ing.

Con clu sions

Tak ing into con sid er ation that with this re con struc tion of the end packs of the
stator core work of the gen er a tor in re gime of un der-ex ci ta tion is al lowed and know ing
that the thermo power plant Bitola is at the big dis tance from the con sump tion of the en -
ergy, con duc tion of the mod ern iza tion is oblig a tory.

Also, this re con struc tion is a part of a com plete mod ern iza tion which in volves
re place ment of the stator wind ing and re con struc tion or com plete re place ment of the ro -
tor with the new one. It must be em pha sized that this re con struc tion is per formed only if
com plete re place ment of stator wind ing was planned in ad vance. If com plete re place -
ment of stator wind ing was not planned in ad vance, this re con struc tion should not be per -
formed be cause of the real risks of pos si ble dam ages on the stator wind ing as a re sult its
re mov ing and putt ing it back.

Mag netic shunt re duces the heat ing of the end packs stator core 2-3 times com -
pared to the ba sic con struc tion. It also al lows gen er a tor work in ca pac i tive re gime, that is
to say re gime of un der-ex ci ta tion with out large heat ing of the end packs of the stator core.

Ef fec tive ness of mod ern iza tion:
– ser vice re li abil ity of the gen er a tor is im proved,
– operational char ac ter is tics range of the gen er a tor is en larged in clud ing op er a tion

with more pro found re ac tive power con sump tion,
– stator ser vice life is ex tended by 15 years (120,000 work ing hours),
– overhaul life is 6 years (50,000 work ing hours), and
– availability fac tor of the turbo-gen er a tor is in creased. 
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Apstrakt
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Proces zamene krajeva statorskog
magnetnog jezgra turbogeneratora

U ovom radu iznet je jedan prakti~an primer za zamenu (rekonstrukciju)

krajnih paketa iz statorskog magnetnog jezgra turbogeneratora broj 1 u

Termoelektrani u Bitoqu, pri realizaciji modernizacije u ciqu pove}awa aktivne

snage. Turbo gen era tor je tipa TVV-200-2A proizveden u "Elektrosila", Rusija sa

statorskim namotajima koji se hlade direktno sa destilovanom vodom, dok se

rotorski namotaj, magnetno jedro i ku~i{te hladi se gasom-vodonikom.

Rekonstrukcija je obuhvatila zamenu vi{e elemenata i to:

– zamenu krajnih pet paketa sa obe strane magnetnog jezgra monolitne konstrukcije sa 

zna~ajnim smawewem visine paketa,

– rekonstrukciju potisne plo~e sa umetawem bakarnog prstena,

– umetawe dodatnih prstiju zbog pri~vr{tavawa i pove}avawa hla|ewa krajnih

paketa, i

– stabilizaciju dihtovawa jezgra turbogeneratora sa postavqawem specijalne

navrtke sa konstantnim pritiskom.

Pri realizaciji rekonstrukcije su upotrebqene specijalne konstrukcije i

primewene savremene metode za dijagnostiku i kontrolu karakteristike kao stare

izvedbe (pre zamene) tako i posle izvr{ene rekonstrukcije.

Za sva izvr{ena ispitivawa napravqeni su protokoli u kojih se ta~no zna:

ciq ispitivawa, upotrebqenih aparata, instrumenata i ko je izvr{io merewa.

Kqu~ne re~i: turbo gen era tor, zamena, krajni paketi
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