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Outline

= |ntroduction

Quench detection techniques under development:
» Ultrasonic techniques
» RF techniques
» Hall probe (magnetic) techniques — R. Teyber

= Probing cable interfaces
= Magnet protection by active control of current distributions

= Summary
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Quench detection problem

Quench detection in HTS YBCO wire is a serious engineering problem. It is due to a very slow (0.1 —
1 cm/s) normal phase propagation velocity (103-10* times less than in LTS wires!), resulting in a
formation of the localized hotspots.

These hotspots are hard to detect, as significant local heating occurs there prior to the surrounding
region transition to the normal state and onset of measurable resistance.

» Non-voltage, non-invasive methods are sought to replace the traditional voltage-based
detection and improve redundancy

The best protection strategy appears to be avoiding quenching altogether (which means very first
onset of dissipation. The later can be done by various means, thermal and magnetic being most
promising. Using different techniques in synergy is likely required to achieve reliable detection and
eliminate false positives.
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Ultrasonic techniques
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Acoustic waveguide sensors for guench detection
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» Longer probing distance
» Ability to localize the hot spot
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Acoustic reflectometry for Viper cable and HTS tape (G.S. Lee)
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Quench detection with acoustic fibers

.I W7vegmde}:°tt°” [zilation.  Tefion insulation “core” ) “cladding” )
!g-!!!g!é_

LN2 HTS CORC® wire

I
8.0X1O-7 ""I""I""T""T‘:"'I""1'qq0'00'400
70x107] _%_{oheoe | [ Can acoustic
60)(10'?' —— Time shift ._: :_350 Wave be
I F L
50 107 2 —_ 1 1 1
250x ; Sl S confined inside
£ 40x10 . L 300 £ .
M st 1B the waveguide?
Es.omo 1 . 31,_1000 L3 =
7 .... C’Jg i g
2.0x10 looese ee®?® %: _250 £03 fime (1) 50 ;—I
1.0x1071 =1 [
I C 10pus
00 Trrrrrrr g 1'[')(')"'200 )

140 150 160 170 180 190 200 210
Time (s)

“Ultrasonic Waveguides for Quench Detection in HTS
Magnets.” M. Marchevsky, S. Prestemon, O. Lobkis,
R. Roth, D. C. van der Laan, and J. D. Weiss, IEEE
Trans. Appl. Supercond., 32, 4701705, (2022) 0

0.004 (m)

S. DEPARTMENT OF Oﬁlce f

NERGY | science 3/23/2023 M. Marchevsky — MDP Collaboration Meeting 2023




A “non-leaky” acoustic waveguide is suitable for the practical

Integration of distributed thermometry into HTS magnets
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“Distributed thermometry for superconducting magnets using non-leaky acoustic waveguides”,
M. Marchevsky and S. Prestemon, Supercond. Sci. Technol. 36 045005, doi:10.1088/1361-6668/ach23a
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Tests of a 3.4 m-long acoustic fiber sensor
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Test at 6 K

AT ~ 4 K (from 6 K to 10 K)
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RF-based techniques
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Radio-frequency TDR sensors
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Thermal quench sensing using micro-coaxial cable
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Thermal quench sensing using micro-coaxial cable
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~50 QQ impedance

Magnetic TDR sensor
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Magnetic techniques
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HTS cable diagnostics using Hall sensor arrays
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Probing cable interfaces
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Diagnostics of interfaces in high-field LTS accelerator magnets

Optical image of the inner layer in the Canted Cosine Interfaces are critical in defining the training

Theta magnet disassembled after test performance of high-field superconducting magnets.
(Diego Arbelaez)  pe-ponding along interfaces is one of the key

contributors to the magnet disturbance spectrum.

No direct diagnostic tools are available at the moment
to perform in-situ characterization of debonding during
the magnet training process
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Instrumenting a CCT coll for TDR monitoring during quench

TDR step responses
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Active control of current distribution

Office of
ience  3/23/2023 M. Marchevsky — MDP Collaboration Meeting 2023



Understanding current sharing: a network model
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Current sharing detalls revealed by network modeling
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When current sharing Is poor, power dissipated in the hotspot

strongly depends on the distribution of termination resistances
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= |f current sharing is strong, termination resistances do not play much of a role in defining power
dissipated in the hotspot. But as the degree of current sharing is reduced, the role of terminations
increases and becomes dominant at a progressively lower fraction of the critical current. Active controls
can be effective in reducing hot spot power dissipation in this regime.
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MOSFETSs for cryogenic current control iIn HTS cables
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Prospective uses of MOSFET controls

= [mproved quench detection => active protection

Integrated detection/protection: controls will be activated as needed to improve protection
margins

= AC modulation of current paths

MOSFETs allow for fast switching of the current path. The time constant defined by the mutual
Inductance of cable sub-elements can be substantially smaller than the inductance of the cable
especially when it is wound as a magnet coil. Therefore current path modulation can be used for:

- Ac-voltage based gquench detection
- Protection involving hysteretic and eddy current losses (similar to CLIQ)
- Removal of remnant magnetization

= Distributed powering of hybrid magnets from a single power supply

We are working on designing and multi-MOSFET boards capable of controlling currents of
several kA to enable such testing in the future.
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Summary

= \We have developed a comprehensive array of diagnostic techniques for quench detection
and monitoring based on ultrasonic, RF and magnetic principles.

= We are working with partners on SBIR programs and FES to implement some of these
diagnostics on a large scale suitable for implementing in large-scale magnets

= New ideas about implementing current control distribution and distributed protection of HTS
and hybrid magnets are being tested

We always look for opportunities to test our instrumentation in magnets tested by the MDP,
propagate the techniques across the labs and provide useful feedback to magnet designers.
Coordination and advance planning are essential for success.

Office of

NERGY |scence  3/23/2023 M. Marchevsky — MDP Collaboration Meeting 2023



