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Electric energy is produced in steam power plants under
complex conditions. Energy transformation processes in
turbo-generators are particularly complex. Electrical, elec-
tromagnetic, thermodynamic and fluidic parameters are im-
plemented into the rotating machines dynamics. The simul-
taneous rotor heating and cooling during the transitional
thermal process and in the stationary regime are particularly
important. Any disturbance in this system can cause very
serious damages. The consequences regarding personnel,
equipment and environment can be fatal, so this research
has been conducted with due respect.
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Turbo-generator is a very complex electric machine, Va-
rious materials having different characteristics are built into
its complex rotor and stator structures. Figure 1 shows the
machine schematic solution.

It is worth noticing that rotor grooves are filled with hol-
low conductors for conducting both electric current and
cooling fluid [2]. Each conductor is a heat source; the heat is
driven away by the cooling fluid. The second stream of the
cooling fluid flows through a gap between the rotor and the
stator. Figure 2 represents the complex fluid flow: the stator
has a stand-still boundary layer, while the rotor’s layer ro-
tates with velocity equal to the rotor’s circumferential ve-
locity. The flow in the center of the gap has both axial and
radial velocity components.
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Having set relevant boundary conditions and having de-
fined the necessary functional form, we solved the obtained
differential equations by using a powerful computer system.
In order to complete the calculations, it was necessary to
divide the rotor structure, together with conductors, insu-
lation and rotor core, into finite elements with simulated
impurity deposits in conductor canals. This discretization is
given in Figure 4. Finite elements have a triangular form,
which means that they become three-sided prisms after the
introduction of z-axis. From thus conducted rotor structure
discretization and the previously set differential equations
an original computer program for solving the differential
equations and obtaining the temperature distribution in fi-
nite elements and knots under different turbo-generator ro-
tor operating regimes was developed. One segment of the
developed computer program block diagram is given in Fi-
gure 5. The performed calculation refers to the simulation
of the simultaneous rotor structure heating [8] and cooling,
for different values of the impurities deposit thickness
asymmetrically distributed along the canals for rotor con-
ductors cooling. Such disturbances are particularly impor-
tant for investigating the generated thermoelastic deflec-
tions and dynamic forces.

The differential equation used for this research includes
electromagnetic, electrical, thermal, fluidic and dynamic
parameters in the time interval between starting the turbo
generator and reaching the stationary thermal state under
the conditions of simultaneous system heating and cooling.
The calculation was conducted using 1200 time increments,
each increment being 22.5 s, which makes a total of 7.5
hours of transition process operation.

The third fluid stream cools the front packages of stator
sheets. Disturbances caused by simultaneous rotor heating
and cooling create an asymmetric temperature field along
rotor circumference which changes both in time and space
and thus causes thermoelastic deflections with a significant
increase of inertia forces, kinetic pressures and bearings vi-
brations. Thus provoked vibrations cannot be eliminated by
dynamic balancing. The schematic presentation of the de-
formed rotor is given in Figure 3. Rotor material elongation
occurs on the side of increased temperature, while size re-
duction occurs on the other side, provoking thermo��"% �$
%� �%
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���������� eT and its
consequences are the central topic of the conducted re-
search [4].
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After a detailed analysis of relevant electrical, electroma-
gnetic, thermodynamic, fluidic and dynamic parameters
and the derivation of complex analytical elaboration we ob-
tained an original mathematical model of temperature dis-
tribution along the rotor circumference and within its struc-
ture, in the form of the following complex differenttial
equation

( )

2 2

2 2 2

1

, , ,

T T T T

r r r r z

T
c q r y t

t

∂ ∂ λ ∂ ∂ ∂⎛ ⎞λ + + ωλ + λ =⎜ ⎟∂ ∂ ∂ϕ⎝ ⎠ ∂ϕ ∂

∂= ρ + ϕ
∂

(1)

where:
T – temperature,
t – time,

r, ϕ, z – cylindrical coordinate,
λ – coefficient of temperature transfer,
ω – angular velocity,
ρ – density,
c – specific temperature.
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The conducted research [10] was complicated to a great ex-
tent by the fact that die temperature increase changes the
electric resistance of the copper conductor, as well as the
generated quantity of heat. Starting with room temperature
for t = 0 and taking the temperature value at each interval’s
end as the initial value for the following interval, we obta-
ined the time dependence of the heat quantity changes in all
finite elements. This heat is generated in the conductor due
to changes in its specific electric resistance and it is driven
away by conduction and convection during simultaneous
heating and cooling.

By solving the set complex form differential equations in
the described manner, we obtained die mean temperature
values for all time instants t and all rotor structure knot
points. From the analysis of these values we got the picture
of temperature increments along the finite elements and
knot points in time t and for each time increment. Figure 6
shows temperature increments for knot points 1, 6 and 40,
for n = 960 increments.

The basic result of this research is the obtained time
dependence of temperature changes in the rotor structure
knot points and finite elements under simultaneous heating
and cooling, for different conductor cooling canals impurity
deposits thickness values (0.01; 0.1; 0.2; 0.3; 0.4; 0.5 mm),
since these temperature changes represent basic thermal
disturbances. In this manner we obtained the mentioned de-
pendencies in table, analytical and diagram forms for all
rotor structure finite elements and knot points.

The results obtained during this research were analyzed
in a systematic way and used for defining the original ver-
sion of the dynamic stability chart for the 350 MW turbo-
generator with clearly defined operating regions and dynam-
ic stability boundaries, depending on the extent of thermal
disturbances while cooling by conduction and convection.
Criteria [5] for estimating the 350 MW turbo-generator dy-
namic stability together with boundary values of thermal
disturbances while driving the heat away from conductor ca-
nals, shown in Figure 7 represent the original results of the
authors’ research.

The mentioned chart of dynamic stability under the
conditions of different thermal disturbances shows obvious
regions of undisturbed, permitted, boundary and forbidden
operation with defined boundary values of vibration ampli-
tudes and scopes of thermal disturbances.
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turbo-generator were used in the course of investigation.
A complex mathematical elaboration included the influence
of electrical, electromagnetic, thermal, fluidic and dynamic
parameters. Hence, this investigation represents an imple-
mentation of these disciplines into the rotating machines
dynamics. An original differential equation form was de-
rived, including all mentioned parameters, for obtaining
a relevant functional form. The differential equation was
solved using the finite elements method. An original com-
puter program was developed for this purpose. The influ-
ence of thermal disturbances on the turbo-genera for dy-
namic behavior was investigated in detail and the chart of
thermo-dynamic stability of operation with boundary re-
gions was established. The authors proposed the concept of
automatic thermal turbo-generator rotor balancing system.
The research is of the original character and its results are
the authors’ intellectual property.

The paper is part of the project TR-6320 B MNZZS, Re-
public of Serbia
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Since high power turbo-generators are extremely expensive
and technically complex electric machines which confine to
strict requirements for high quality materials and high pre-
cision manufacturing with narrow tolerances and since the
problem of thermal unbalancing cannot be avoided, the au-
thors of this research developed a concept of automatic tur-
bo-generator thermal balancing system. One version of the
solution for modifying and modernizing the existing turbo-
generator concepts is given in Figure 8.

The original solution developed by the authors assumes
automatic corrections in rotor cooling in order to provide
the most intensive codling in the zones which generate most
heat, by automatic redistribution of heat which is being
driven away and by averaging out the temperature field
along the rotor circumference.

It is also assumed that temperature sensors are positioned
along the rotor circumference. They transmit signals (in a con-
tactless manner) about temperature values, which are then
received by stationary antennas, amplified and fed into a pro-
cess computer which drives the servo and transmission mecha-
nisms for correcting the cooling fluid flow so that warmer
rotor structure zones are more intensely cooled with automatic
temperature averaging along the rotor circumference. The
possibility of the occurrence of vibrations of technical origin
is eliminated by obtaining a symmetric temperature field.

����	������	�

The idea of vibrations of thermal origin became interesting
only recently and appeared in modem literature with the
appearance of high power turbo-generators. Since high
power turbo-generators are very expensive and complex
electric machines, research in this area is highly justified
not only today, but in the future as well. The authors con-
ducted this significant and very complex research and gave
their original contribution by clarifying the causes and con-
sequences of thermal disbalance of the rotor. All relevant
parameters and data which correspond to the real 350 MW
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