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Swedish build up of hydropower units

LULEA UNIVERSITY OF TECHNOLOGY TEACHING




Why are Hydropower Rotors Different

Ordinary rotating machines Hydro-power

L B

Known loaQS Unknown loads\_/ l
known bearing prop no relevant bearing models

large air gap small air gaps Lote ;\I /
small shape deviations large shape deviations P O TECHNGLOGY
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Hydropower Rotors are Unique
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Driftvarvial

Upper guide bearing

Lower guide bearing

Turbine guide bearing

0.90x106

Kfilm

2.6x100

1.16x10°

3.0x100

Kmek

1 17%100

7 5%100

0.69%106

Kiot

0.8x100

1.0x100

Tabell 2.1.1. Minsta berdknade lagerstyvheter vid driftvarvial [Nemm]. Oljefilmens stheter for dvre
ach nedre svrlager dr tagna fran {1 Turbinlagerdata har erhdllits frdn turbinfeverantoren,

Rusvarvtal

Upper guide bearing

Lower guide bearing

i

Turbine guide bearing
e1)

2 7x106

1.6x106

3.0x100

Kfilm

1.17x106

7.5%100

Kinek

0.82x100

1.32x100

3.0x100

Kot
Tabell 2.1.2 Minsta berdknade lagersiyvheter vid rusvarvtal [N/mm]. Qfjefilmens styvheter for dvre
vch nedre stvrlager ar tagna fran (1] Turbinlagerdata har erhdilits fidn turbinleverantiren.
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Unsure Stiffnesses

No Reliable Results
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E.Turbine runner

Total weight 1850 H
Feight inel. woler 772 1§ akon

Homent of inertia {inch.water?)
Polar 200 kgt 3o
Dicmetcicol 272 kgnt 232o

Max. radial force oa turbine ruaner-

D.Turbine gui&e beurling
Rodiol stiffness [proposed values by ABB} lewul s H& 10
Hormal speed ~ 500 e/min Runoway speed = 1450 r/min

Wechanical =6 2.6Eb Nrm Mechenical 1.7+E6 3086 N/m
Oil tilm 0,546 W 01l filn OB3E5- &0 N/

Tolol fddaff 6-IEL  Wm Total 54kF6 2-0E6
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F. Exciter rotor

Tatal weight = 1000 &g
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~ 600 kj
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21 Com ponent Analysis: Medel/Eigenvalue - Rotor [Example Industrial Rotor - SI-m]

Command  Help Restare

Simple mode! of an industrial rotor Ricue

Cambell diagram and mass unbalance respanse Size

Minimize
Move Delets o
Maximize

Node |ID Text |Inbercon— Connectivity  [X Z Added Tt |Active Load Path:
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nection (m) (kg-m~2)
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] Companent Analysis: Model/Eigenvalue - Rotor [Example Industrial Rotor - Sl-mi] 7| Compenent Analysis: Journal Bearing - 2-D Fixed Geurmeury, basit ivianuar cxampre 31

Command  Help Command  Help

Simple model of an industrial rotor Manual Example 5
Cambell diagram and mass unbalance response 2lobe Pressure Dam Bearing

Type
Delete Import i

Fiuids Modz! Incompressible

Beam |Left Right  |Material . Left 1.D. Right O.D. Right L.D. 1D Texd
# Node  [Node [(m) (m) (m)

Fluid Name

Linked?

No Defire... Fluids Library...

Properties

B ~0.15

Thermel Expansion Coef. (1/R) 15t Temp. Viscosity P

NEEEEEEEEEE
&

Bulk Modulus (psi) 2nd Temp. /Viscosity F

Specific Heat (BTU/bm-R) 0.1
Thermel Conductivity (8TU/h-ft-R)

Cavitation Pressure (psi)
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Rotordynamics within SVC in
Close Collaboration with VRD

Rotor Modelling

Bearing Models for Vertical Rotors
Electromagnetic Interaction (Uppsala Univ)
Measuring Techniques (VRD/ Fluid Mech)
Validations (2 Testriggs at VRD)

Nonlinear Properties

Added Turbine Properties (mass/ stiffness/ damping (Fluid Mech)
Parametric Excitation

New Components for Added Damping

Elastic Rotor rim in Generators

Analytical Bearing Models (speed/excentricity dependent L
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Measuring Techniques
Quasistatic assumption

« 8 unknown forces
« 8 measuring points

Bearing displacements+ bearing model

x 10° x 10°

Lateral force [N]
Bending moment [Nm]
AL L iAo~ waisaou o
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Time [s] Time [s]
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Future

3D FEM for Generators including Electromagnetic
Interaction

3D Rotordynamics & Fluid mech % Electro

Loads on Turbine

Simulation of Different Operating Conditions

Life time evaluation
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