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PECULIARITIES OF DESIGNING OF SUSPENSIONS FOR STATORS OF HIGH POWER
TURBOGENERATORS

The analysis of existing designs of the stator fastening of Turbogenerators of various design versions is carried out. It is shown that the appli-
cation of a spring suspension is the integral part of the design of Turbogenerators rated 100 MW and higher. The detailed calculation of the
complex stressed state of the stators suspension of Turbogenerators manufactured at SE "PLANT "ELECTROTYAZHMASH" rated 200
MW and 250 MW with hydrogen and hydrogen-water cooling is submitted in the scientific work, taking into account the uneven thermal
distribution along the horizontal axis of the aggregate for some number of electrical-sheet steels. The various types of the stator deformation
caused by a number of forces are considered. It is proposed to carry out the calculation of mechanical stresses by iterative execution of me-
chanical and thermal calculations coordinated with electrical stresses. As limiting conditions for taking in to account of forces caused by
temperature changes, the limiting conditions of the first kind were considered. At that, in the mechanical calculation, it is necessary to take
into account the design peculiarities for each row of springs, taking into consideration the correction for temperature. The key factor is the
difference between the calculated vibrations for a stand separately core and its installation in to the casing with suspension, depending up on
the modulus of elasticity of the stacked up laminated core for electrical-sheet steels 3413, 3414 GOST21427.1-83, M270-50A. The possibil-
ity of changing of steel 38 X2H2BA to steel 34CrNiMo6 and steel 40NiCrMo7 is shown, provided that the GOST8479-70 complies with the
same strength group.
Keywords: turbogenerator, spring suspension, limiting conditions, active steel, the stator casing.

O. B. TPETAK
OCOBJMBOCTI ITPOEKTYBAHHSI HNIIBICOK CTATOPIB TYPBOI'EHEPATOPIB
BEJIMKHUX NOTY>KHOCTEH

BukonaHo aHai3 iCHYIOYMX KOHCTPYKLiH KpIIUIEHHs cTatopa TypOOreHepaTopiB pi3HMX BHKOHaHb. [IpoBeeHO neTaibHHil pO3paxyHOK
CKJIQ[HOHAIPYXKEHOTO CTaHy IiABICKH cTaTopa TypOOreHepaTopa 3 ypaxyBaHHSIM HEPIBHOMIPHOCTI TEIIOBOTO PO3HOJITY y340BX OPU30H-
TaIBHOI OCi arperary s psify €IeKTPOTEXHIYHHX CTajedl. 3alpornoHOBAHO BHKOHYBATH PO3PaxyHOK MEXaHIYHOI HalpyrH LUISXOM iTepa-
LIHHOrO BUKOHAHHS MEXaHIYHOTO Ta TEIUIOBOTO PO3PaxyHKY, Y3rOIKEHUX 3 eJeKTpHIHMM. Bkaszana MoxxnuBicTs 3aMminu cramu 38X2H2BA
Ha 34CrNiMo6 ta 40NiCrMo7 3a ymoBu BignosigHocti TOCT 8479-70 aust Ti€i 5k rpynu MillHOCTI.

Kurrouosi ciroBa: TypOoreseparop, npyKHHHA I1i/{BiCKa, PaHNYHI YMOBH, aKTHBHA CTaJlb, KOPILYC CTAaTOpA.
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OCOBEHHOCTHU NPOEKTUPOBAHUSA NOJABECOK CTATOPOB TYPBOI'EHEPATOPOB
BOJIBIIIOM MOIITHOCTH

BeImnosiHeH aHaNM3 CyIIECTBYIONMX KOHCTPYKIUH KPEIUICHUs CTaTopa TypOOTreHEepaTOpoOB Pa3INYHBIX McronHeHui. [IpoBeneH neTanbHbIH

pacyeT CI0KHOHAIPSHKEHHOTO COCTOSHUS IOJABECKM CTaTOpa TypOOreHepatopa C y4eTOM HEPaBHOMEPHOCTH TEILIOBOTO PacHpeselIeHUs

BJI0J1b TOPU30HTAJIBHOM OCH arperara JuIs psija SIeKTPOTEXHHYECKHUX cTaieil. IIpe/yioxkeHo BBIMOMHATh pacyeT MEXaHHIECKUX HAIPSDKCHHUIT

IIyTeM UTEpPalFIOHHOI0 BBHIIOJHEHHS! MEXaHHYECKOI0 U TEIUIOBOTO PacyeTa, COITACOBAHHBIX C DJIEKTPUYCCKUM. YKazaHa BO3MOXKHOCTDH 3a-

meHbI cranu 38X2H2BA na 34CrNiMo6 u 40NiCrMo7 npu ycaosuu cootBercTBust [OCT 8479-70 st To# ske Irpynibl IPOYHOCTH.
KinioueBble clioBa: TypOOreHepaTop, IPy>KMHHAS [OJBECKA, TPAHNYHBIC YCIIOBHS, aKTHBHAS CTallb, KOPIIyC CTAaTOpA.

Introduction

Carried out analysis of the technical condition of
the Turbogenerators equipment of Ukraine indicates
that the majority of Turbogenerators have worked out
their service life. Turbogenerators and Hydrogenera-
tors designs are outdated and their technical condition
no longer meets the modern requirements for efficien-
cy, reliability and maneuverability. At the present time
due to the urgent need to bring the equipment indices
to the European standards, in connection with the fu-
ture integration of the United Power System (UPS) of
Ukraine with the European Power System (EPS), there
is an urgent need to modernize existing and create new
highly economic Turbogenerators.

Due to the above mentioned reason, the creation
of new highly efficient types of Turbogenerators and
Hydrogenerators put in to practice a set of measures
on modernizing of existing equipment in order to

bring the Turbogenerators to modern requirements
while increasing their power and overload capacity are
extremely modern and important tasks.
Turbogenerator design is developed in such a
way that there are active and design elements. In order
to provide reliable operation of the active elements of
Turbogenerators there are design namely housing
parts, suspension and bearing elements, pressing down
fastening elements of “active steel” and e. t. c.
Calculations and peculiarities of modeling the
electrical parameters of Turbogenerators are consid-
ered in the scientific works of Milykh V. 1. [1],
Shevchenko V. V. [2] and others. Along with this the
problems of constructive parts are not considered in
detail since they are not so obvious and their solution
sometimes requires a profound change in the entire
design. The solution of these problems is presented in
the scientific works of Minko A. N. [3], Kobzar K. A.

[4].
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In connection with the qualitative leap of com-
puter technology at this stage of technical develop-
ment it becomes possible to revise the existing meth-
ods of calculation and design to create qualitatively
new designs that have high reliability and optimal
mass-dimensional indices.

Purpose of Work

Carry out the analysis of the ways in order to im-
prove existing designs of the stator suspensions of
Turbogenerators. Propose the calculating method of
the stator suspension which takes into account the
uneven thermal loads at determining of the mechanical
characteristics.

Design Peculiarities of the Stator Fastening of
Two-Poles Turbogenerator

The pioneers of the generator engineering, Rab-
inovich V. M., Spivak B. V., Chigirinsky A. A. sub-
mitted a strict definition of the stator suspension of the
Turbogenerator. In order to isolate the baseplate and
foundation of the Turbogenerator from the vibrations
of the stator core under the influence of the magnetic
attraction of the poles of the rotating rotor, the flexible
fastening of the active iron in the stator casing is usu-
ally performed using plates tangentially arranged at
several points along the circumference and along the
length of the Turbogenerator. The plates forming flat
springs are arranged symmetrically to the axis of the
machine along the two forming element of the cores
and attached to it and to the baseplate in turn at several
points.

Application of the designs with put into practice
of additional flexible elements, as a rule, is the most
suitable for Turbogenerators rated over 100 MW.

Let’s consider the design of two-poles Turbogener-
ator manufactured by EM WEG Group (USA) (see. Fig.
D [5]

The system of prisms, which held with the help of
the pressing down flanges the stacked up core in mono-
lithic state, is included in to the core fastening units.

At that, it is necessary to take in to consideration
that pressing forces in the core in the process of its opera-
tion does not remain constant and changing in wide range
depending upon the load mode and the generator cooling
mode. In addition, the load mode can also cause addi-
tional heating due to flow of stray currents in the short-
circuited contours of the prism groups, which are short-
circuited by pressing down flanges. Overloaded mechan-
ically, the prisms are stretched, and then, after cooling,
the nuts on them are weakened. However, given design
version has significant disadvantage: welds do not per-
ceive fatigue loads and application of this design is not
possible for Turbogenerators rated over 100 MW. In this
connection, it is necessary to use additional damping
elements with a suspension construction.

Determination of the forces caused by the action
of electric currents is given in scientific work [2]

The forces applied to the stator teeth are not
evenly distributed to every tooth at any instant in time;
they are applied with different magnitudes at different
teeth, depending upon the relative rotor- and stator-
tooth location. This results in force waves over the
stator circumference. The mode shape of these mag-
netic force waves is a result of the difference between
the number of rotor and stator slots.

Under the applied magnetic forces the stator core
is set into vibration in the same manner that a ring of
steel would respond if struck. Depending upon the
modal pattern and frequencies of the exciting force, as
described above, the stator would vibrate in one or
more of its flexural modes m of vibration, as shown in
Fig. 2. Each of the mode shapes has its associated nat-
ural frequency. The core may be somewhat influenced
by the stator frame in actuality, but in analysis the
frame is usually neglected, both due to complexity and
because the effect on higher frequency modes is min-
imal [6].

Using mathematical modeling methods, it has
been proved that the damage to the tightening prism of
the stator core of Turbogenerator is due to the process
of fatigue failure in a multi-cycle loading by axially
directed vibrational electric-magnetic forces that arise
in the end zones and act on the end packages of the
stator core.

Variants of Suspensions

The classic school of Turbogenerators includes
two types of suspensions namely the internal and ex-
ternal ones.

One of the most bright and reliable representa-
tives of Turbogenerators with the internal suspension
are Turbogenerators rated 200 MW and 300 MW of
TGV series manufactured by
SE “PLANT “ELECTROTYAZHMASH”. The design
of the stator casing of the electric machine is presented
in scientific work [7] and in Fig. 3 shown a serial
sample and a longitudinal section with the designation
of the main elements.

The representatives of the external suspension
are Turbogenerators rated 550 MW manufactured by
SE “PLANT “ELECTROTYAZHMASH” [8].

The calculation diagram with the basic loads act-
ing on to the support elements of the suspension is
shown in Fig. 4. Where with the help of figures 1, 2, 3
the support studs are indicated, and 4 is the basic body of
the spring, with the help of arrows forces action direc-
tions are indicated. T, T», T3, T4 is calculation tempera-
ture of the suspension elements.

The margins to cut and crushing shall be consid-
ered as admissible stresses. Together with that at sus-
pension designing it is necessary to take in to consid-
eration the temperature distribution along the stator
length and also maximum forces action.
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Fig. 1 — Stator Casing of EM WEG Group Fig. 2 — Variants of the Stator Deformation. Mode shapes:
a-m=0;b—-m=1;c-m=2;d-m=3;e—-m=4

a b
Fig. 3 — Turbogenerator type TGV-300: a — at the foundation of operating TPP; b — cross section;
1 —the stator casing; 2 —the external shield; 3 — the brush-holders device; 4 — the stator («active steel and bars»);
5 —vertical row of springs; 6 — horizontal row of springs

20kV | X5,000 '5pm 0005 ‘surface

Fig. 4 — Calculation diagram of the suspension Fig. 5 — Structure of steel 40NiCrMo7:
a—x2000; b—x 5000
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The stator core, casing and springs operate as
one unit. And the change in one of the design ele-
ments leads to a change in the vibration of the entire
construction. Thus, the heterogeneity of temperatures
along the stator core length shall have an effect on the
state of the suspension unit. Along with this, accord-
ing to the operational experience, the temperature dif-
ference between the core and the stator casing can be
60 degrees.

For Turbogenerator series TGV-250 with hydro-
gen-water cooling the temperature of «the stator active
steel» is 36 °C from the slip rings end, 39°C is in the
middle of the machine and 41 °C is from the turbine
end. Gas temperature in the radial channel is in range
from 25 °C up to 47 °C. The hottest point, as per gas
in the stator comprises 47 °C and arranged in the sec-
ond section in the point of back. The gas temperature
increases from the tooth to the back per ~10 °C. Thus,
for each row of springs, it is necessary to determine

the mechanical stresses taking into account the change
in their thermal state, applying limiting conditions of
the first kind for the thermal problem [9].

In Table 1 the basic parameters of the spring
suspensions of Turbogenerators TGV series manufac-
tured by SE “PLANT “ELECTROTYAZHMASH”.

Force onto vertical spring at rated mode shall be
calculated as per the formulae:

_ G N M, cosp 1
z z R

4
where cos ¢ — is power factor;
G — the stator mass;
z, — quantity of vertical springs.
At short-circuit mode this force shall be deter-
mined as follows:

P

n E

G M, coso 1
Py, :_+Pmaxé—_'
z, z R

Table 1 — Stator core suspensions of Turbogenerators TGV-300 and TGV-250

Options TGV-300 TGV-250

Springs quantity 20 16 12

pz, kg-em 2,62-10% 2,23-108 2,82-10%

Impact force on a spring, kg-cm 1,075-10° 1,13-10° 1,89-10°

Natural frequency of torsional vibrations of the core, Hz 70 66 79

Critical force for stability 1,9-10° 1,9-10° 3,3:10°

Stresses in studs &60:

— from cut, kgf/cm? 3291 3464 5794

— from crushing (spring-pin), kgf/cm? 6400 6726 10500

1Etressezs of crushing between a pin 60 and a support (strap), 2937 3087 5250
gf/cm

Limiting frequencies of the support &140:

—average, Hz 369 387 648

— bending, Hz 1340 1367 2286

— total, Hz 1440 1570 2627

In modern spring designs of Turbogenerators
steel 38X2H2BA is applied. The decision to change
steel 38X2H2BA to 34CrNiMo6 and 40NiCrMo7 is
taken at the basis of correspondence to GOST8479-70
of those steels as per all the points without exclusions.
In Fig. 5 macrostructure 40NiCrMo7 at different mag-
nifications is submitted.

The Stator Core — "active steel"

For the stator core of Turbogenerator TGV-325-
2U3 TPP "AKSU" electrical-sheet steel Grade M270-
50A manufactured by firm Thyssen Krupp Stahl,
German was applied for the first time. At dieing of the
segments the teeth are arranged along the rolling. The
segments steel has the following values of the elastici-
ty modulus:

— along rolled steel — 185000 N/mm?;

— across rolled steel — 200000 N/mm?.

Evaluation of expected vibration level of the sta-
tor core of Turbogenerator TGV-325 was carried out

based at the following consideration in Turbogenera-
tor TGV-250-2PT3 (NPP "Kaiga", India) for the stator
core steel 3413, 3414 GOST21427.1-83, having the
following values of the elasticity modulus (as per the
data of the tests carried out at SE “PLANT
“ELECTROTYAZHMASH?”) is used:

— along rolled steel — 135000...137000 N/mm?;

— across rolled steel — 245000...265000 N/mm?.

As per the results of the generator tests at the
Plant stand the core vibration comprised of 55 um at
3000 rpm, that corresponds to own frequency of the
core vibration f. = 157 Hz (see Fig. 6 and Fig. 7).

Got experimental value of double amplitude of vi-
bration corresponds to calculation one at the elasticity
modulus:

Foae = 116600 H/mm?.

Thus, the ratio of the calculation elasticity modu-

lus to the actual one is recommended to use:

F
_ 116600 _ 0

cale

F, 137000

El
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Fig. 6 — Dependence of frequency of self-bending
oscillations from the core elasticity modulus

In such a case for steel M270-50A calculation
values of the elasticity modulus across the rolling steel
shall comprise:

E=0,85200000 = 170000 N/mm?.

Then the expected vibration level of the stator
core of Turbogenerator TGV-325-2U3 shall comprise
2 Ar=45 pm, fo =147 Hz. The order of given values
was confirmed by the results of in-situ tests of Turbo-
generator at the Plant stand.

At Fig. 8 the dependence of double amplitude of
vibration from the elasticity modulus of the stacked up
laminated core is submitted.

4 um
200
without taking into
/account of the frame |
100 \\/
L
\\
taking into account |
_of the frame

112 13 14 15 16

17 é

"t E10
kg/cm’

Fig. 8 — Dependence from double amplitude of vibration

from the elasticity modulus of the stacked up core

The key factor is the difference between the cal-
culated vibrations for a stand-alone core and its instal-
lation in to the casing with the suspension. The values
are obtained by calculation in three-dimensional set-
ting.

24,
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190 |

130

100

80
70

30

10 12 14 16 18 EWN/m
Fig. 7— Dependence of double amplitude of vibration
from the elasticity modulus of the core

Conclusions

The design of the stator core suspension compo-
nents of Turbogenerator includes the mandatory se-
quential carrying out of the following calculations:
electrical, mechanical and thermal. At that, the results
of the mechanical calculation shall be sequentially
correlated depending on the arrangement of the
springs in space, taking into account proposed calcula-
tion diagram.

These methods lead to the model accuracy in-
creasing and the work result was the determination of
the specified stresses in the suspension units of the
stator suspensions of Turbogenerators series TGV-
200, TGV-300 and TGV-250 manufactured by
SE "PLANT "ELECTROTYAZHMASH". The possi-
bility of the design operation at all modes without
exception and limitation according to the requirements
of GOST-533-2000 is shown.

The decision on the application of steels con-
forming to EN standards can be taken only if complete
list of GOST requirements is met.
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