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Voea,, = 963volt

V-Y)
Vi, =563/+/2 =398.101v

600
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100
0
-100
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-300
-400
-500
-600

Voltage, V
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— W ---- U[rms]=391.391
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JMAG-Designer: Define Equation of Motion 2E3

de dé
I'=J—+B—+K (0-6 )T
2 dt 0
At
Torque, 7= kT; + T»

Torque Condition, 7i: |urmt\ed j

Torque Multiplier, & l—l

Load Torque, 7z :

@ Constant | o [um =]

' Table [vs Time

[<nev @
[ Periodic Initial State
Inertia Moment, J=p J, + % Displacement, 6 : 0 [deg -]
Inertia, J: [ 915211 [kgm~z x| Angular Velocity, wo : 201.345908562 [r/mn <]
[ Calculate During Analysis  Calculate Nows Range of Movements
Inertia Coefficient, 1 Upper Limit, Sre : 10000000000 |deg -
Correction Value, J: : | 0 |k!§l"ﬂ"2 j Lowser Limit, B : -10000000000 |deg -

Attenuation Constant, B

Friction Torque, 7= pirf.

& Constant | 4 [nm/(deg/s) =]
" Table [<new= Elid =g or p
Spring Constant, K Coefficient of Static Friction, s : 1}
rin nstan
Sl ! Coefficient of Dynamic Friction, £z : ’70

' Constant 0 |Nm/deg
‘ | g J Radius to Point of Face, 7: 1000 |mm -
" Table ‘('”E""' J Normal Force, Fe: 0N -
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Abstract

Superconducting synchronous machines have different structures that the most
common type consists of a rooming stator core with the regular copper coils, and cold-
core rotor with superconducting coils. In this structure, for stay on the superconducting
mode of the rotor coil, some troublemaker factors such as the harmonics of the stator field
and air gap field distortions especially in the case of transient state exist. So for solving
these problems, a conductive shield which covering core and rotor coil is provided to
eliminate the field distortion on the rotor. Due to complex topology of the magnetic circuit
of electric machine, the accurate calculation of flux linkage of the damper layer is very
difficult or impossible by analytical methods. So the most precise and practical solution
for calculation of the current distribution in damper shield, is utilizing a numerical method
such as the finite element method. Thickness of damper shield, with a preliminary
argument, usually is a percentage of the influence depth of the stator magnetic field in
steady state while stay on the superconducting mode of coil rotor in transient state is more
important, and for determining the thickness of damper shield, accurate analysis of
machine performance in transient conditions is required. Therefore, to solve the problem
of determining the thickness of damper shield, performance characteristics of a
superconducting synchronous machine in transient state is reviewed by 2-D modeling of
machine by utilizing transient FEM capability of a finite element software. in this thesis,
analysis of effect of different thicknesses damper shield on superconductor synchronous
machine treatment with study of characteristics machine performance and finally by
showing eddy current density colored distribution on the surface of conductive damper
shield with purpose of diagnosis influence depth of magnetic field, optimal design of
electro-magnetic damper shield, for the first time, is determined by considering the
different positions for damper layer in air-gap. Comparing the results of this method, with
the previous studies represent an acceptable accuracy. JMAG Designer software is used

for finite element modeling.

Keywords:

Superconducting Synchronous Machine, Electromagnetic Damper Shield, Optimal

Design, Analysis of Finite Element, Characteristics Performance, Dynamics Transient



) Y
Al
Faculty of Electrical Engineering and Robotic

M.Sc. Thesis in Power Electronic and Machine Engineering

Optimal Design of Damper Shield for a

Superconducting Synchronous Machine

By: Ma'soume Mohammadi

Supervisor:

Dr. Ahmad Darabi

Advisor:

Dr. Amir Hassannia

February 2016



