Modelling and measurement of AC loss in a superconducting transformer 2LPo2C-01: 128
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AC loss In superconducting windings: 1 MVA 11 kV/415 V 3-phase transformer 40 MVA 110 kV/11 kV 3-phase transformer

Reduces efficiency modelling and measurement modelling
Increases cost of cooling system

Reduces thermal stability

Transformer concept AC loss modelling with constant J_

Full transformer parameters Air-core transformer for testing (1 phase) One phase cross-section

HV - Jc taken from cable
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Critical current
obtained by load line
with present Fujikura tape
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Superconducting layer thickness [um] . , superconducting LV superconducting HV 10°

Roebel cable in LV windin O N J B N superconducting HV winding winding 500 1000 10000

power loss per phase at 50 Hz [W]

HV winding dominates
AC loss

Winding current amplitude at LV [A]
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superconducting LV
M. D. Glasson et al. 2013 IEEE TAS 23 5500206

winding Loss distribution In the axial direction Transformer modelling results:

Loss at central turns or pancakes is not negligible comparison between 1 MVA and 40 MVA
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LV winding modelling for constant J_ Modelling of complete one phase for J (B,0) 20
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total: 1MVA for both transformers

1 MVA transformer
prototype has lower |_
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Strands |_present low anisotropy

J taken from measured stand-alone coil
; “"”‘ || SuperPower tape

cable critical current (no current in
| =2350 A at 70 K HV winding)

High magnetization
currents at top turns
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3 groups of strands:
high'l, mid |_and low I_
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Roebel cable contains:
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(LV in short CiI‘CUit) w“ Wil il stack index pancake index current amplitude at LV [A] for 40 times rating

normalized loss (Qstack/Qaverage)

normalized 10ss (Quancake/Qaverage)
power loss per phase at 50 Hz [W]

critical current per strand width [A/cm]

critical current per strand width [A/cm]
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Minimum Magnetic Energy Variation LV winding as part of transformer
Suppressed

creates lower loss than N Assume isotropic J_ and take Jc(B) Model agrees with measurements - TWIT
: magnetization currents | c _ . A Tape requirements for transformer feasibility
as stand-alone coill 9 lo 3 of most typ|Ca| strands (m|d e Samp|e #1) with short-circuit LV

at perpendicular applied field. 1.5 kW AC loss goal

Interaction of magnetization o' S — e - - S
currents taken into account | s Top turn | per phase C 0 N C L U S I 0 N

Assumes critical-state N
E(J) relation E
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L . (upper half measurements — o equivalent to 135 kW
applicationjtojeciic: o [ipEluE) s fit —— - 3-phase conductor loss
E. Pardo 2008 SuST 21 065014

assuming 30x cooling penalty
J. Souc et al. 2009 SuST 22 015006

E. Pardo et al 2012 SuST 25 035003
E. Pardo 2013 SuST 26 105017
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Model agrees with measurements
Required critical current Of 1 MVA tra nsformer

Central turn
(lower half
of Roebel cable)
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single solenoid —e—

Axi-symmetrical model of coil made 6?25A,’<°"' 4 400 T _ .
of Roebel cable Wit e ol 20 = LEe R ang At m 40 MVA transformer will have efficiency better
measurements -—o--

Assumed cable cross-section: ””m e 'norri$e1l'lgpos()e — | T 20 - s constant J - than conventional transformers

LV loss per cycle per phase [J]
critical current per strand width [A/cm)]
power loss per phase at 50 Hz [W]

loss per cycle per phase at 50 Hz [W]
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current amplitude [A] applied magnetic field [mT] 1000 1000 700 Alcm 77K S.f.

current amplitude in LV [A] tape critical current [A/cm] production |C for 2015 C r|t| C a I C u rre nt req u | red tO S u rpa SS

We approximate Roebel cable
as two stacks of tapes

at self-field approximated J (B)

‘”HH J (B=0) scaled to average J_of strands Discrepancies mainly due to | (77K,s.f) ~ 1 (65K,400mT) efficiency Of Conventional tra nsformers

[lijima, 1SIS22, 2013] IS achievable
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