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Abstract

Vibrations in rotating equipment are inevitable phenomena and its analysis is necessary and useful to
study the condition of the equipment. In a coupled hydroturbine-generator set, the vibrations are caused
by the dynamic forces of both machines. Due to the coupling of the turbine and the generator the
vibration analysis of each machine separately can not reveal all the phenomena and dynamic behaviors.
The change in speed and torque of the turbine and the generator affect each other, so the results of the
coupling analysis are closer to reality. In this paper, dynamic modeling of the generator-turbine coupling
set is performed and the governing equations of the system are solved using numerical methods in
MATLAB software. For more accurate modeling and analysis of the system, the rotational speed of the
shaft is considered as variable. The gyroscopic effect and arcuate whirl are also included in the modeling
of the set. The frequencies in the vibrations of the set are extracted and the dynamic phenomena related
to each are identified. The results show that new dynamic and vibrational phenomena in this system.
Also, considering that imbalance mass is never zero, the resulting force is considered in the modeling
and the effect of the amount of imbalance mass is also studied and analyzed. Due to the nonlinearity of
the governing equations, the analysis of vibrations using phase plane diagrams shows that in some
operating conditions, the vibration behavior is chaotic, which can be used in the processing of
experimental signals.
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Figure (1): Structure of a hydropower station system [20]
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Figure (2): The rotor of turbine-generator set.
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Figure (3): The eccentric of rotor [20]
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Figure (4): The deflection of generator rotor
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Table (2): The numerical value of parameters of oil film forces and seal forces
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Table (3): The numerical value of electrical system parameters
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Figure (5): The vibrations time histories of the generator rotor and the hydroturbine runner at =15 rad/s, a) The generator rotor vibrations in
x direction, b) The generator rotor vibrations in y direction, c) The hydroturbine runner vibrations in x direction, d) The hydroturbine runner

vibrations in y direction
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Figure (6): The vibrations time histories of the generator rotor and the hydroturbine runner at ®=25 rad/s, a) The generator rotor vibrations in
x direction, b) The generator rotor vibrations in y direction, ¢) The hydroturbine runner vibrations in x direction, d) The hydroturbine runner
vibrations in y direction
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Figure (7): The vibrations time histories of the generator rotor and the hydroturbine runner at =35 rad/s, a) The generator rotor vibrations in
x direction, b) The generator rotor vibrations in y direction, ¢) The hydroturbine runner vibrations in x direction, d) The hydroturbine runner
vibrations in y
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Figure (8): The vibrations time histories of the generator rotor and the hydroturbine runner at =45 rad/s, a) The generator rotor vibrations in

x direction, b) The generator rotor vibrations in y direction, c) The hydroturbine runner vibrations in x direction, d) The hydroturbine runner
vibrations in y
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Figure (9): Vibration frequency spectrum of the generator rotor and the hydroturbine runner at =15 rad/s, a) The generator rotor vibrations
in x direction, b) The generator rotor vibrations in y direction, c) The hydroturbine runner vibrations in x direction, d) The hydroturbine
runner vibrations in y direction
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Figure (10): Vibration frequency spectrum of the generator rotor and the hydroturbine runner at ©=25 rad/s, a) The generator rotor vibrations
in x direction, b) The generator rotor vibrations in y direction, ¢) The hydroturbine runner vibrations in x direction, d) The hydroturbine
runner vibrations in y direction
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Figure (11): Vibration frequency spectrum of the generator rotor and the hydroturbine runner at ©=35 rad/s, a) The generator rotor vibrations
in x direction, b) The generator rotor vibrations in y direction, ¢) The hydroturbine runner vibrations in x direction, d) The hydroturbine
runner vibrations in y direction
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Figure (12): Vibration frequency spectrum of the generator rotor and the hydroturbine runner at ®=45 rad/s, a) The generator rotor vibrations
in x direction, b) The generator rotor vibrations in y direction, ¢) The hydroturbine runner vibrations in x direction, d) The hydroturbine
runner vibrations in y direction
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Figure (13): The phase plane for the generator vibrations in x direction at ©=15 rad/s
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Figure (14): The phase plane for the generator vibrations in y direction at =15 rad/s
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Figure (15): The phase plane for the hydroturbine runner vibrations in x direction at =15 rad/s

Y2 (m) %107
sl o LD Fl)gd e s JO Y S 3O (yy99 9 youd Ll ) 3B amiuo :(VF) Ui
Figure (16): The phase plane for the hydroturbine runner vibrations in y direction at =15 rad/s
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Figure (17): The phase plane for the generator vibrations in x direction at ©=25 rad/s
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Figure (18): The phase plane for the generator vibrations in y direction at ©®=25 rad/s
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Figure (19): The phase plane for the hydroturbine runner vibrations in x direction at =25 rad/s
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Figure (20): The phase plane for the hydroturbine runner vibrations in y direction at ©=25 rad/s
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Figure (21): The phase plane for the generator vibrations in x direction at =35 rad/s
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Figure (22): The phase plane for the generator vibrations in y direction at ®=35 rad/s
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Figure (23): The phase plane for the hydroturbine runner vibrations in x direction at ©=35 rad/s
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Figure (24): The phase plane for the hydroturbine runner vibrations in y direction at ©=35 rad/s
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Figure (25): The phase plane for the generator vibrations in x direction at ©=45 rad/s
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Figure (26): The phase plane for the generator vibrations in y direction at w=45 rad/s
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Figure (27): The phase plane for the hydroturbine runner vibrations in x direction at ©=45 rad/s
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Figure (28): The phase plane for the hydroturbine runner vibrations in y direction at ©=45 rad/s
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Figure (29): The time histories of unbalanced magnetic pull at ©=15 rad/s
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Figure (30): The time histories of unbalanced magnetic pull at ®=25 rad/s
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Figure (31): The time histories of unbalanced magnetic pull at ©=35 rad/s
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Figure (32): The time histories of unbalanced magnetic pull at ®=45 rad/s
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Figure (33): Frequency spectrum of unbalanced magnetic pull at ®=15 rad/s, a) The unbalanced magnetic pull in x direction, b) The
unbalanced magnetic pull in y direction
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Figure (34): Frequency spectrum of unbalanced magnetic pull at ®=25 rad/s, a) The unbalanced magnetic pull in x direction, b) The
unbalanced magnetic pull in y direction
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Figure (35): Frequency spectrum of unbalanced magnetic pull at ®=35 rad/s, a) The unbalanced magnetic pull in x direction, b) The
unbalanced magnetic pull in y direction
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Figure (36): Frequency spectrum of unbalanced magnetic pull at ®=45 rad/s, a) The unbalanced magnetic pull in x direction, b) The
unbalanced magnetic pull in y direction
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