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Friedrich-Ebert-StralRe 1
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W3 7QE London

UK
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GERMANY
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rolf.blatthner@map.fzk.de
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PO Box 31-310, Lower hutt
Wellington

NEW ZEALAND
www.hts-110.com

Contact: Annalisa Devitt
a.deviti@ivl.cvi.nz

Japan Superconductor Technology
5-9-12 Kitashinagawa, Shinagawa-ku
141-8688 Tokyo

JAPAN

www.jastec.org

Contact: Kazuyuki Shibutani
shibutani-jastec@kobelco.jp
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2, Rue de I'Erauderie

BP 29

F 49120 Chemille

FRANCE

www.jehier.fr

Contact: Tancréde Renault
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Via della Repubblica,257

Fornaci di Barga

55052 Lucca

ITALY
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Contact: Rauno Liikamaa, Guglielmo Donati
guglielmo.donati@Outokumpu.com
rauno.liikamaa@Outokumpu.com
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Tecnnoparkstrasse 1
8005 Zurich
SWITZERLAND
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Contact: Dragana Popovic
info@senis.ch
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12072 Camerana (CN)

ITALY
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85737 Ismaning
GERMANY
www.theva.com
Contact: Klaus Irgmaler
irgmaler@theva.com
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Via Tramesino 8

20128 Milano

ITALY

www.leybold.com

Contact: Antonio Gonzato
antonio.gonzato@leybold.com

Oxford Instruments Superconductivity
Tubney Woods, Abingdon, Oxon

0OX1350X

UK

www.oxford-instruments.com

Contact: Neil Killoran
neil-killoran@oxinst.co.uk

Sigmaphi
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Rue des Fréres Montgolfier
F — 56000 VANNES
FRANCE

www.sigmaphi.fr

Contact: Jean Luc Lancelot
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Space Cryomagnetics Ltd
E1 Culham Science Centre

0OX14 3DB Abingdon

UK

WWW.Spacecryo.com
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830 Boston Turnpike

01545 Shrewsbury, Ma

USA

WWww.supercon-wire.com
Contact: David Frost
dfrost@supercon-wire.com

Tesla Engineering Ltd

Water Lane

RH20 3EA Storrington West Sussex,
UK

www.tesla.co.uk

Contact: Dr Michael Begg
begg@tesla.co.uk

Vector Fields

24 bankside, Kildington

Oxford OXS IJE

UK

www.vectorfields.co.uk

Contact: Julie Shepherd
julie.shepherd@vectorfields.co.uk




GENERAL INFORMATION

Weather
In September, the temperature in Genova is about 20-25° C (68-77° F) during daytime and 15-20° C (59-68° F) at night.
Generally is sunny but showers are not infrequent.

Electricity
The electricity supply is 220 volts, 50 Hz. Official plug types are type C (round pin attachment plug), type F ("Schuko" plug)
and type L (round pins with round in-line grounding plug). Adapters may be required.

Internet
Wireless and wired connections will be available at the Congress Center. In addition, a limited number of computer will be
available for access to the internet during the Conference opening hours.

Currency
The official currency in Italy is Euro (€).

Time zone
Italy is located in the Central European Time Zone, GMT +1 (+2 during summer).

Tipping
Service charges are included in your restaurant bill, so you are not expected to tip. It is common practice, however, to leave
a small amount but this is by no means compulsory. Tipping taxi drivers is not necessary.

Transportation
The conference badge is valid as pass for the Genoa public transits (bus and metro) valid from Sunday 18 to Friday 23.
A desk for taxi reservation is available at the entrance hall of Congress Centre (special price to and from the airport).

Disclaimer
The MT-19 Organizing Committee accepts no liability for injuries, losses of whatever nature incurred by participants and/or
accompanying persons, nor for losses or damage of their luggage and/or personal belongings.

Security
For security reasons the access to the conference site is controlled. Only people having their conference badge on are
admitted.

CONGRESS SECRETARIAT

For information about:

conference registration
hotel booking

optional tours
post-conference tours
companion program
general information

please contact Promo-Est at the Help Desk or at the following address:

PROMO-EST S.R.L.

Barbara Colonnello and Elisa Cozza

Via C. Barabino, 21/11 - 16129 Genova

Ph. +39 010 5702228 - Fax +39 010 5702110
Mobile: +39 3486591678

e-mail: mt-19@promoest.com
www.promoest.com



GUIDELINES FOR PRESENTATIONS

INSTRUCTIONS TO AUTHORS: ORAL PRESENTATIONS

Each Contributed Oral is permitted 20 minutes. You should arrange your talk so that your presentation lasts 15 minutes,
with 5 minutes available for questions.

Each Invited Oral is permitted 30 minutes. You should plan for 25 minutes for the presentation and 5 minutes for questions.
Each Plenary Oral is permitted 45 minutes. You should plan for 40 minutes for the presentation and 5 minutes for
questions.

You are expected to notify the session chair of your presence just before the start of the session so that he/she knows you
are present. There will be no rearrangement of papers within an oral session to accommodate absences or cancellations, so
the time you have been assigned within the oral session is fixed.

If you need to withdraw your presentation from the program, please contact the Scientific Secretariat desk.

All oral presenters are required to submit an electronic version of their presentation by 19:00 of the day prior to their
presentation for the morning sessions and by 12:30 of the day prior to their presentation for the afternoon sessions.
Presentations must be submitted in Microsoft Power Point format and should be turned in at the Speaker Preparation Room.
These files are then checked and downloaded onto the computers in the session rooms. It is strongly recommended that
presenters save their Power Point presentations with True Type fonts attached. Acceptable media include: CD and USB
flash-drive.

Each presentation room is equipped with a PC connected to the projector. To minimize delays related to equipment troubles
authors are NOT permitted to use their own personal laptops. Nor are they allowed to make changes to the file that has
previously been submitted and has been downloaded to the computer in each session room.

Mac computers will NOT be available in any of the session rooms. Authors using a Mac platform will need to ensure that
their files operate compatibly in the PC environment.

Authors are strongly encouraged to bring a duplicate copy of their presentation in the form of transparencies. You may also
want to bring an additional electronic copy for added security against unanticipated software/hardware anomalies.

INSTRUCTIONS TO AUTHORS: POSTER PRESENTATIONS

If your paper appears in a poster session, you will want to take note of the following.

The poster boards are vertical. Each of them is 130 cm wide x 200 cm high.

Poster presenters are recommended to arrange their material before the morning parallel sessions and are expected to
remove it within 18:00 (15:45 on Thursday). Adhesive tape will be available to post your material. The use of nail is not
allowed.

Poster presenters are expected to be available from 13:30 to 15:30 to answer questions and discuss their papers with
attendees. You may want to bring pre-prints for handout.

Only papers that are presented may be considered for publication. If a presenter is not available to answer questions
and discuss the poster during the session, the paper written from this poster will not be published as part of the Transactions
on Applied Superconductivity from the MT-19 conference. NOTE: It is NOT acceptable to merely post a copy of your paper.
Such papers will be marked as 'no-show.’

Please note that MT19 accepts no responsibility for material that may be left behind, lost, stolen, or damaged.

How to decode the session number

MO, TU, ... M/A 01,02, ... PO/OR/PL 01, 02,03, ...
Day Morning/Afternoon Parallel Session Number Poster/Oral/Plenary Presentation number
Example:

MOAO020R03 means presentation No.3 of oral session 2 on Monday afternoon



GUIDELINES FOR MANUSCRIPT PREPARATION

The MT-19 Publication Desk is located in the entrance hall of the Conference Centre.
THE MANUSCRIPT SUBMISSION DEADLINE IS AT 16:00 ON TUESDAY, SEPTEMBER 20, 2005.

OPEN FOR MANUSCRIPT SUBMISSION:
Monday, September 19, 2005, 9:30 - 18:00;
Tuesday, September 20, 2005, 9:30 - 16:00;

1. MT-19 contributions will be published as a special issue in 2006 IEEE Transactions on Applied Superconductivity.

2. Your paper must be presented at the MT-19 conference and be recommended on the basis of peer-review in order to be
accepted for publication in the IEEE Transactions on Applied Superconductivity.

3. You are requested to write your paper according to the instructions and guidelines posted on the following web sites :
http://www.ieee.org/organizations/pubs/transactions/stylesheets.htm and
http://www.ieee.org/organizations/pubs/transactions/information.htm

Please download the TRANS-JOUR.DOC template and type the assigned program number (example: MOAO1PO10) on
the top right hand corner outside the text area on each page of your original manuscript.

4. The number of pages per paper is limited as follows:

Contributed papers: 4 pages
Invited papers: 6 pages
Plenary papers: 8 pages

If your paper exceeds the limit, you must pay 200€ per extra page at the On-Site Registration Desk PRIOR to submitting
your paper.

5. The registration fee covers only one paper submission. When you register, you will get one paper submission voucher
with your name at the Registration Desk. It will entitle to submit for publication one paper. The voucher is not transferable to
other attendees. The name on the voucher must correspond with the name of one author on the paper being submitted.
Authors submitting several papers must pay an extra charge of 300 € for each additional paper at the On-Site Registration
Desk PRIOR to submitting their papers.

6. The deadline for paper submission is 16:00 on Tuesday, September 20th 2005. Authors are requested to submit 3 hard
copies and an electronic copy in PDF format of their manuscript, the publication voucher and the signed Copyright Form
to the Publication Desk at the Conference Site. Accepted media for the electronic copy of the papers are floppy disks, CD-
ROMSs, DVDs and USB pens.

7. Information on the submission of the final revised papers will be announced later.
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GUIDELINES FOR SESSION CHAIRS

The following guidelines have been developed to help ensure the success of your session.
Prior to the Conference, if you find you are unable to chair your session, please contact MT-19 organization (mt-

19@ge.infn.it).

GENERAL INFORMATION FOR ORAL AND POSTER SESSION CHAIRS:

Two Chairs are regularly assigned in every session.

A Session Chair kit will be given to you at Registration that contains a list of the presentations in your assigned session,
a Session Chair Report Form and any last-minute instructions or changes.

Please contact your co-chair ahead of time to decide on the distribution of duties. Before the session, check the
"Changes to Program" board near the registration desk for last minute additions and deletions.

ORAL SESSION INSTRUCTIONS

Duration:

Contributed Oral is permitted 20 minutes. 15 minutes for the presentation plus 5 minutes for questions.

Invited Oral is permitted 30 minutes. 25 minutes for the presentation plus 5 minutes for questions.

Plenary Oral is permitted 45 minutes. 40 minutes for the presentation plus 5 minutes for questions.
Be present in your meeting room at least 10 minutes before the start of your session to verify each author is present.
All session rooms will be equipped with an LCD projector, a computer, and a screen. Presenters are required to submit a
Power Point copy of their presentation to the Speaker Preparation Room prior to their presentation. These files are then
reviewed and downloaded onto the computers in the session rooms. Presenters are not allowed to make changes to the
file that has previously been submitted and has been downloaded to the computer in each session room.
If a presenter has failed to submit his/her presentation, he/she will be required to give the presentation using
transparencies and an overhead projector. Presenters are not allowed to use their own computers.
Bring the session to order on time. Announce the title of the session, and introduce yourself and your co-chair.
Announce a paper by title, speaker's name, and affiliation.
Please, adhere to the time schedule and enforce the rules. Do not adjust the time schedule for no-shows and
withdrawn presentations. Talks should be given at their scheduled time. Use your discretion in filling any gaps with
longer discussions or questions from the audience. The discussion period must end in time for the next speaker to reach
the podium, to be hooked up to the microphone, and to be briefed on your pre-arranged signals to indicate when a
speaker's time is almost finished.
Complete the Session Chair Report Form and submit it to the Publication Room. The form has space for documenting
presenters and their paper numbers, no-shows, and withdrawals. Each submitted paper must have been presented at
the Conference in order to be published in the Proceedings.

POSTER SESSION INSTRUCTIONS

Please be in the Exhibition Areas at least 15 minutes prior to the session.

Familiarize yourself with the displays and participate in discussions. Complete your Session Chair Report on presenters,
no-shows, and withdrawals and submit it to the Publication Room. Each submitted paper must have been presented at
the Conference in order to be published in the Proceedings.
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TECHNICAL TOURS

Friday 23

Saturday 24

technical visit to Ansaldo Superconduttori starting from 14:30. The reservation will be done on-site at the
Registration Desk. The transportation is free of charge.

technical visit to CERN (leaving on Friday afternoon from Genoa) with the following program:

8:30 Meeting at the Reception Building (33)

9:00 Visit to CMS

10:30 Visit to SM18

11:30 Visit to ATLAS

13:00 End of tour

The transportation (bus or train) will be arranged on conference site depending on the number of
participants. The cost of transportation + accommodation in Geneva is foreseen to be of the order of 200-
250 €.

SOCIAL PROGRAM

Social events and dinner

Sunday 18 evening: Welcome Cocktail at the ground floor of the Congress Center (from 18:00 to 20:30)
Thursday 22 afternoon: Riviera Tour and dinner at the Zeffirino restaurant on the Portofino Mount*. Buses are leaving

from 15:30 to 17:30 in front of the Cogress Center entrance

Tuesday 20 at noon Group photo on the pier in front of the Congress Center

*the Portofino Mount is about 400 m over the sea level and can be cool and windy. We suggest to take with you a warm

cloth.

Optional program

Genoa Museums Pass (3 days) 15€
Tuesdsay 20 (7:00 to 21:00) Tuscany Wine Tour (min. 20 pers.**)

A cultural and gastronomical tour in the land of Chianti 115€
Tuesdsay 20 (14:00 to 19:00) Serravalle Outlet (min. 20 pers.**)

A shopping experience in exclusive boutiques 26€
Wednesday 21 (8:30 to 14:00) S.Fruttuoso-Portofino by boat (min. 15 pers.**)

A tour to the famous villages of the Ligurian Riviera 60€
Thursday 22 (9:30 to 12:30) Guided Tour of the Genoa Historic Center (old town)

(the tour is included in the companion program fee) 13€

**Optional tours will be organized if the indicated minimum number of participants is reached. If the minimum number is not
reached, pre-paid optional tickets will be fully refunded on-site.

POST CONFERENCE TOURS

Promo-Est, the MT-19 Official Agency, offers the following post conference excursions:

5 Terre by boat (September 24)
Tuscany Wine Tour (September 25)

Firenze (3 days)

Roma (3 days)

Venezia (3 days)

For information and reservation contact Promo-Est personnel at the Help Desk.
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IEEE AWARDS

IEEE Award for LARGE SCALE SUPERCONDUCTIVITY

Romeo PERIN - CERN (retired)

For significant and continuous contributions in the field of large scale applications of superconductivity, in particular: for his
many contributions in both design and construction of magnets for particle accelerators, including the design and
construction of the pioneering project Intersecting Storage Ring (ISR) quadrupoles, the realization of the Large Hadron
Collider (LHC) magnets at CERN from the design of the first models and prototypes through the difficult and critical phase of
industrialization, and for the leadership of the magnet group responsible for developing magnets and superconductors at
CERN.

IEEE Award for MATERIALS

René Louis FLUCKIGER - University of Geneva

For outstanding and sustained contributions in the field of superconducting materials and conductors; in particular for his
early seminal work on the electronic properties of the A15 compounds and the publication of the first phase diagram of
Nb3Sn, for proposing the unique link between materials science and practical conductor engineering that led to the decisive
enhancement of Nb3Sn for NMR applications at very high magnetic fields, for his significant researches in high temperature
superconductors, namely BSCCO, and for training generations of students and young researchers in his laboratory at the
University of Geneva.

MT-19 AWARDS FOR LARGE SCALE
SUPERCONDUCTIVITY AND MAGNET
TECHNOLOGY IN ITALY

Emilio ACERBI - Universita di Milano and INFN
For his outstanding contribution to large scale superconductivity in Italy and to magnet technology developments in nuclear
and high energy physics.

Francesco NEGRINI - Universita di Bologna
For his leadership of the Superconducting MHD project in Italy and for his constant pursuing of superconductivity for power
applications.

Nicola SACCHETTI - ENEA-Frascati (retired)
For his many years of leadership in large scale superconductivity in Italy and for his original contributions in Nb3Al
developments and magnet technology for fusion.

Franco VIVALDI - Ansaldo Ricerche (retired)

For pioneering developments in magnet technology, large scale superconductivity and cryogenics in Italy for power and
fusion applications.
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TECHNICAL PROGRAM AT A GLANCE

The program ID numbers for each paper are made up of alphabets and numbers, for example TUAO3POO01.

The first two digits, MO, TU, WE, TH, or FR, denote the day of the conference, from Monday 19 to Friday 23. The third digit,
M or A, distinguishes between Morning and Afternoon sessions. The fourth digit is a number differentiating concurrent
sessions. The next two digits, OR or PO, indicate the ORal or the POster sessions. The last digits denote your assigned slot.
There are no concurrent oral and poster sessions.

Sunday, September 18, 2005

18:00 - 20:30 Entrance Hall Welcome Cocktail

Monday, September 19, 2005

08:30 - 09:15 Maestrale room Introductory talks and IEEE Awards
PLENARY SESSION

09:15 - 10:00 Maestrale room MOMPL (Speaker: Samuel Ting)
10:00 - 10:30 Coffee break

ORAL SESSIONS
10:30 - 12:00 Ponente/Levante room MOM10OR (Motors, generators and transformers)

10:30 - 12:10 Scirocco/Libeccio room MOM20R (High Tc superconductors)

10:30 - 12:20 Maestrale room MOM3OR (Magnets for high intensity machines)
12:20 - 13:30 Lunch
POSTER SESSIONS

MOAO01PO (MgB2)

MOAO02PO (Structural and magnetic materials & Insulation)
MOAO03PO (Magnet design (1))

MOA04PO (Power supplies)

MOAO05PO (Studies and simulations)

MOAO06PO (LHC main dipole magnets)

MOAO07PO (Miscellaneous accelerator magnets (1))
MOA08PO (Magnet measurements)

MOAQ09PO (Power cables)

MOA10PO (Fault current limiters (1))

MOA11PO (Fusion present devices)

MOA12PO (ITER)

15:00 - 15:50 Coffee break

ORAL SESSIONS

15:50 - 18:00 Scirocco/Libeccio room MOA1OR (Pulse magnets (1))

15:50 - 18:10 Maestrale room MOA20R (Low Tc superconductors)

15:50 - 17:40 Ponente/Levante room MOA3OR (Magnet design)

13:30 - 15:30

Tuesday, September 20, 2005

PLENARY SESSION

08:30 - 10:00 Maestrale room TUMPL (Speakers: Alvaro de Rujula, René Flukiger)
10:00 - 10:30 Coffee break

ORAL SESSIONS

10:30 - 12:00 Scirocco/Libeccio room TUM1OR (Fault current limiters)

10:30 - 11:40 Ponente/Levante room TUM2O0R (Fleld mapping)

10:30 - 12:00 Maestrale room TUM3OR (Challenging construction of large coils)
12:00 - 13:30 Lunch



POSTER SESSIONS

TUA01PO (MgB2 coils & New developments)
TUAO02PO (Low Tc superconductors (1))
TUAO03PO (Magnet design (Il))

TUAO04PO (Field measurements and analyses)
TUAO05PO (AC losses (1))

TUAO06PO (LHC miscellaneous magnets)

13:30 - 15:30 . .
TUAO07PO (Transfer lines magnets & Wigglers and undulators)
TUAO08PO (Miscellaneous accelerator magnets (1))
TUAO09PO (Fault current limiters (Il))
TUA10PO (Motors, generators and transformers)
TUA11PO (Fusion magnet technology critical issues (1))
TUA12PO (Industrial applications (1))

15:00 - 15:50 Coffee break

ORAL SESSIONS

15:50 - 18:00 Maestrale room TUA10OR (MgB2)

15:50 - 18:00 Scirocco/Libeccio room TUA20R (Nb3Sn accelerator magnets)
15:50 - 18:00 Ponente/Levante room TUAS3OR (High field magnets)

18:30 - 20:00
Wednesday, September 21, 2005

PLENARY SESSION

08:30 — 10:00 Maestrale room WEMPL (Speakers: Ugo Amaldi, Xianrui Huang)
10:00 - 10:30 Coffee break

ORAL SESSIONS

10:30 - 12:20 Maestrale room WEM10R (Superconducting accelerator magnets)

10:30 - 12:20 Scirocco/Libeccio room WEM20R (Fusion magnets (1))

10:30 - 12:00 Ponente/Levante room WEMS3OR (Cooling systems & Temperature margins)
12:20 - 13:30 Lunch

POSTER SESSIONS

WEAO01PO (Low Tc superconductors (ll))

WEA02PO (High Tc superconductors (1))

WEAO03PO (Cryogenics & Current leads)

WEAO04PO (Analytical design)

WEAO05PO (Stability)

WEAO06PO (Permanent magnets)

WEAO07PO (Nb3Sn accelerator magnets)

WEAO08PO (Detector magnets)

WEAO09PO (Energy storage (1))

WEA10PO (High field magnets)

WEA11PO (Industrial applications (ll))

WEA12PO (Fusion magnet technology critical issues (ll))
15:00 - 15:50 Coffee break

ORAL SESSIONS

15:50 - 18:20 Ponente/Levante room WEA1OR (NMR and medical applications)

15:50 - 18:00 Scirocco/Libeccio room WEA2OR (Industrial applications)

15:50 - 18:20 Maestrale room WEAS3OR (Detector magnets)

13:30 - 15:30
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Thursday 22/9/2005

PLENARY SESSION

08:30 - 10:00 Maestrale room
10:00 - 10:30

ORAL SESSIONS

10:30 - 12:30 Maestrale room

10:30 - 12:20 Ponente/Levante room
10:30 - 12:20 Scirocco/Libeccio room
12:30 - 13:30

POSTER SESSIONS

13:30 - 15:30

15:00 - 16:00

THMPL (Speakers: Edward Bowles and Peide Weng)
Coffee break

THM10OR (Fusion magnets (l1))

THM20R (Energy storage)

THM3OR (Resistive magnets for accelerators and detectors)
Lunch

THAO01PO (Low Tc superconductors (1))

THAO02PO (High Tc superconductors (l1))

THAO03PO (Protection systems & Special techniques)
THA04PO (Quench)

THAO5PO (AC losses (ll))

THAO06PO (Electrical and mechanical computations)
THAO07PO (FAIR accelerator magnets)

THAO08PO (ATLAS detector)

THAO09PO (Energy storage (ll))

THA10PO (Pulse magnets)

THA11PO (Fusion future devices)

THA12PO (NMR and medical applications)

Coffee break

Friday 23/9/2005

ORAL SESSIONS
8:30-10:20 Maestrale room

8:30 - 10:40 Scirocco/Libeccio room
10:40 - 11:10

PLENARY SESSION

11:10 - 11:55 Maestrale room
11:55 - 13:00

FRM10R (Pulse magnets (Il))
FRM20R (LHC magnets)
Coffee break

FRMPL (Speaker: Hans Schneider-Muntau)
Closure
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ABSTRACTS

PLENARY SESSION
(Maestrale room)

9:15 - 10:00

MOMPL1

Superconductivity for space: physics experiments and
technology

S. Ting, MIT.

A report will be given on the construction of the first large
superconducting magnet for space applications. The Alpha
Magnetic Spectrometer (AMS) magnet was done with the
collaboration of ETH-Zurich, M.I.T., together with Space
Cryomagnetics Ltd., ILK-Dresden, EADS-CRISA in Madrid,
LINDE in Germany, H. Bieri in Switzerland. The
applications of superconducting magnet technology in
space for radiation protection, propulsion system, power
generation and energy storage will be presented.

PARALLEL SESSION
(Ponente/Levante room)

MOTORS, GENERATORS AND TRANSFORMERS

10:30 - 12:00

MOM10OR1

High-Temperature Superconducting Rotating Machines
for Ship Applications

M. Frank, H-W. Neumiiller, W. Nick, B. Wacker,P. van
HaBelt, P. Massek, P. Kummeth, Siemens AG, CT PS 3;
G. Nerowski, Siemens AG, A&D LD; J. Frauenhofer,
Siemens AG, A&D LD RD; R. Hartig, Siemens AG, 1&S IP
MAS; R. Wolfgang, Siemens AG, 1&S IP MAS SP.

Main applications for rotating electric synchronous
machines are given as generators and motors; a small
niche can also be found in synchronous condenser-
applications. HTS rotating machines show several
significant advantages over machines built in conventional
techniques. These are mainly increased efficiency, higher
power density, and enhanced el. stability. Especially for on-
board applications these properties may be decisive, to
save fuel and space and improve the capabilities. In the
past basic programs were carried out to demonstrate in
principle the possibility to build such machines. Meanwhile
these programs have shown great success and the
feasibility of HTS machines for such applications has come
into reach. For that reason developments for HTS
machines in the megawatt-range are now being in
progress, for propulsion purposes as well as for power
generation applications. Started with the built of a 400 kW
model motor that has operated for more than two years
successfully, Siemens is now being engaged in the
development of HTS machines for all electric ship
application in the megawatt-range. A demonstrator for a
3600 rpm 4 MVA generator has been set up in the
Nuremberg test facility for extended type and system
testing. Results of tests with both machines will be
presented. Technical implications of this new technology
for ship-borne application will be discussed together with
general economic assessments.

MOM10OR2

Analysis Study on Superconducting Linear Driver for
Electromagnetic Underwater Launching System

Y. Peng, L. Zhao, R. Li, Y. Dai, C. Sha, A. Peng, Institute of
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Electrical Engineering, Chinese Academy of Sciences; T.
Yang, T. Yang, Harbin Tech-Full Industry Co., LTD.
Electromagnetic underwater launcher system is expected
to be quite, has high reliability and minimum maintenance
requirement. In the system, a superconducting linear driver
is used to generate a desired axial force to move a plunge
to force water behind an object to be launched, such as a
torpedo, and eject it from its tube. Design and simulation
for a superconducting linear driver are presented in the
paper. It is mainly consists of two components. One is a
stationary superconducting magnet with opposite-poles
solenoid coils to generate a constant magnetic field with
the maximum radial field component of 0.75T, the other is
a resistive coil, which is placed coaxially into the warm bore
of the superconducting magnet, and is movable axially
relative to the stationary superconducting magnet. A power
supply system is connected to the movable coil, to provide
current of desired magnitude and direction to the coil, so
that energization of the resistive coil in the presence of the
radial field component of the magnetic field creates an axial
force on the movable coil. The axial force is controlled in
magnitude and direction by controlling the magnitude and
direction of the current supplied to the resistive coil with a
controllable DC power. The linear driver can generate a
desired axial force with the maximum of 10kN.

MOM10OR3

Fabrication and Characteristics of HTS Induction Motor
by the use of Bi-2223/Ag Squirrel-cage Rotor

T. Nakamura, H. Miyake, G. Morita, T. Hoshino, Kyoto
University; I. Muta, Saga University.

We have fabricated and tested a High-Tc Superconducting
(HTS) induction motor. A squirrel-cage type rotor is
fabricated by using Bi-2223/Ag multifilamentary tape
conductors, and then installed in the normal conducting
stator, i.e., 3-phase and 4-pole. We have also developed
the analysis method based on the electrical equivalent
circuit that takes into account the nonlinear J-E relations.
Tests are carried out after the fabricated motor is immersed
in liquid nitrogen, i.e., 77.3 K. It is shown experimentally
that there exists the minimum starting voltage for the
generation of the torque, and this value agrees well with
our theoretical study. Further experimental results will be
presented and discussed.

MOM10OR4

Experimental Study on Effect of In-Rush Current of
Superconducting Transformer

T. Ishigohka, K. Uno, S. Nishimiya, Seikei University.

In order to realize a superconducting transformer, it is
essential to study its in-rush current characteristics. In a
conventional transformer, usually the in-rush current
becomes more than 7-10 pu. For such a large over-current,
it would not be practical to design the transformer not to
quench. Therefore, we should consider that the winding of
a superconducting transformer may quench at the instant
of the installation of the transformer into power system. The
authors studied experimentally the problem of the in-rush
current of a superconducting transformer using a small
experimental model system. The experimental result shows
that the superconducting winding recovers its
superconducting state as soon as the initial large in-rush
current decays.



PARALLEL SESSION
(Scirocco/Libeccio room)

HIGH Tc SUPERCONDUCTORS

10:30 - 12:10

MOM20R1

Properties of Bi-2223/Ag-tapes and Y-123-coated
conductors and ways of tayloring them for specific
applications

T. Arndt, A. Aubele, M. Munz, B. Sailer, H. Krauth, EAS -
European Advanced Superconductors GmbH & Co.KG; L.
Kirchhoff, J. Knooke, A. Rutt, V. Selskij, A. Usoskin, EHTS
- European High Temperature Superconductors GmbH &
Co. KG.

High temperature superconducting tapes based on Bi-
2223/Ag and later possibly on Y/RE-123 are more and
more used in systems like Current Leads, Motors/
Generators, Power Transmission Lines, Magnets and Fault
Current Limiters. These materials have to be tuned in
design and properties to fulfill the different requirements of
the specific application. The properties of the conductors
are discussed as well as the design issues which should be
addressed to trim them.

MOM20R2

Progress in Bi-2212 Wires for High Magnetic Field
Applications

K.R. Marken, H. Miao, M. Meinesz, B. Czabaj, S. Hong,
Oxford Instruments.

The high field critical current density (Jc) and engineering
current density (Je) in multiflament Bi-2212 round wires
continue to improve. The critical current in these wires
shows no anisotropy with respect to applied field. Recent
efforts have focused on the effect of precursor composition
combined with separate heat treatment optimization for
each composition. Variations in the starting precursor
cation ratios have several effects on conductor processing
and properties, including the ceramic melt temperature, the
relative sharpness of the melting event, the crystallization
behavior including secondary phase formation and growth,
and the peak Jc attainable. We systematically varied melt
temperature, cooling rate, annealing temperature, and
annealing time. Average Jc was determined from multiple
samples for each parameter set. Dependence of Jc on
cation ratio and these heat treatment parameters will be
presented and discussed. Supporting characterization
results include microstructural and microchemical SEM
results and DTA analysis of the precursors. At 4.2K, self
field Je has now exceeded 1600 A/mm2 (Jc > 6100
A/mm?2), while at 25 T, Je has exceeded 500 A/mm2 (Jc >
1900 A/mm2) in 0.8 mm diameter wire. Issues and
prospects for high field magnet application of this
conductor will be discussed.

MOM20OR3

Advances in Bi-2212 high current Rutherford cable

Y. Hikichi, J. Nishioka, K. Tanimoto, T. Nakatsu, T.
Hasegawa, Showa Electric Wire & Cable Co., Ltd.; K.
Kidoguchi, N. Hirano, S. Nagaya, Chubu Electric Power
Co., Inc.

The recent progress of Bi-family superconducting wire and
tapes for practical applications is a reality generating
enthusiasm to make devices larger. Large current capacity
is an important requirement, because the excellent Jc-B
characteristics of HTS conductors allow one to design
compact electric power devices and energy efficient large-
scale magnets. One of the advantages of Bi-2212 is that a
high Jc value can be obtained in wires with various shapes
and filament configurations. Realization of a high Jc round
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wire made it possible to fabricate many kinds of cable
developed for LTC applications. We successfully fabricated
30-strand Rutherford cable using 0.8mmd round wire. In
this presentation, we will highlight the key factors to
fabricate a Bi-2212 Rutherford cable that carried more than
10kA at 4.2K in self-field. We investigated the cabling
parameters, electrical performance at 64K and 4.2K, and
the mechanical properties. And the progress of the 200m
class cable manufacturing activities will be presented.

MOM20R4
Reel to Reel
Evaporation
W. Prusseit, C. Hoffmann, R. Nemetschek, G. Sigl, J.
Handke, THEVA  Diinnschichttechnik =~ GmbH; A.
Limkemann, H. Kinder, TUM.

The latest development in superconductor wire technology
are coated conductors, i.e. thin high temperature
superconductor layers deposited on long, flexible metal
substrates. We introduce a consistent reel-to-reel
fabrication route for coated conductors with the potential of
a future low cost production. The flexible substrate material
is 0.1 mm thick and 10 mm wide electro-polished Hastelloy
C 276. E-beam evaporation is used to deposit a highly
oriented MgO buffer layer by inclined substrate deposition,
the superconducting DyBCO - film, and additional metal
layers, that serve as protective shunt and establish an
electrical contact to the substrate. Currently, the processed
tape length is increased from 10 m to 30 - 40 m. The ISD
buffer enables critical current densities in excess of 2
MA/cm2 (77 K; s.f.). Due to improved tape handling the
end-to-end transport current of the coated conductor tape
has been gradually increasing from 150 to about 250 A/cm.
In thicker films and over shorter distance even up to 500
Alcm are obtained. A major advantage of the coated
conductor tape is the superior magnetic field performance.
Measurements in magnetic field and under mechanical
load will be presented. Although the available length is yet
limited, superconducting current leads may constitute the
first interesting application of coated conductors in magnet
technology. They benefit from the low heat conductivity of
the steel tape, which reduces the heat Ileakage
considerably.

Coated Conductor Fabrication by

MOM20RS5

Fabrication and characteristic of Ho-123 Coated
Conductors

M. Ueyama, S. Hahakura, K. Hasegawa, K. Ohmatsu,
Sumitomo Electric Industries, LTD.

We have developed Ho-123 coated conductors on flexible
metal tape substrates. Oxide buffer layers such as YSZ
and CeO2 have been deposited on textured Ni-alloy tapes.
A basic technique of the formation of buffer layer was
investigated, and hetero-epitaxial buffer layer of
Ce02/YSZ/CeO2 showed excellent in-plane alignment with
the delta phi value in the range of 5 to 7 degrees. Surface
roughness (Ra) was several nm and the surface was
almost flat with few particles. Ho-123 deposition was
conducted on the buffer layers by PLD method or MOD
method. Sample less than 0.2 mm in thickness showed Jc
(77.3 K, self field) over 2 MA/cm2. Sample with 1.3 mm in
thickness showed Jc (77.3 K, self field) was 1.8 MA/cm2
near 2MA/cm2 and Ic (77.3 K, self field) was 231 A/cm-w.
SEM photograph of Ho-123 layer revealed relatively
smooth film morphology with some particles. Furthermore,
Jc-B characteristics at 4.2 K under the high magnetic field
up to 30 T were evaluated. Ic (4.2 K, 30 T) was 2,420A/cm-
w when the external magnetic field was applied parallel to
the tape surface. A part of this work was supported by



NEDO as Collaborative Research and Development of
Fundamental Technology for Superconductivity
Applications. The authors would like to thank Dr. T.
Takeuchi and Dr. N. Banno of NIMS for Ic measurement
under low temperature and high magnetic field and Dr. I.
Yamaguchi, Dr. T. Manabe, Dr. M. Sohma and Dr. T.
Kumagai at National Institute of AIST for providing F-free
coating solutions.

PARALLEL SESSION
(Maestrale room)

MAGNETS FOR HIGH INTENSITY MACHINES

10:30 - 12:20

MOM3O0OR1

Test results of superconducting combined function
prototype magnets for the J-PARC neutrino beam line
K. Sasaki, T. Nakamoto, N. Higashi, N. Kimura, Y. Ajima,
T. Ogitsu, T. Tomaru, T. Okamura, Y. Makida, A.
Yamamoto, KEK.

A next generation long base line neutrino oscillation
experiment is planned to study fundamental nature of
neutrinos. It will require the proton beam extracted from J-
PARC 50GeV, 0.75 MW proton accelerator jointly built by
JAERI and KEK. The beam line which guides the proton
beam to the production target of secondary particles
consists of 28 superconducting combined function
magnets, SCFMs, currently developed at KEK. All the
magnets are connected in series, cooled below 5 K by
forced flow supercritical helium and operated DC. The
unique feature of the magnet design is a left-right
asymmetric structure with a single layer. This coil
configuration enables to provide both a dipole filed of 2.6 T
and a quadrupole field of 19 T/m with a current of 7350 A.
The coil is encased in the glass- fiber reinforced phenolic
plastic collars in stead of conventional metallic collars and
iron yoke. The magnets have a large aperture of 173.4
mm, a magnetic length of 3.3 m and an outer diameter of
570 mm. The prototype SCFMs to investigate the magnet
performance has been built and tested in a vertical cryostat
at 4.2 K. In this paper,the results of quench tests and field
measurement will be reported.

MOM3O0OR2

Design of a Radiation Resistant Quadrupole Using
Cicc

A. Zeller, J. DeLauter, NSCL/Michigan State University.
Several planned accelerator projects will produce very high
radiation environments in the vicinity of superconducting
magnets. The magnets will need to deal with both the heat
deposited in the cold structure as well as long term
damage to coils, insulation and support structure. CICC
based coils provide the means for heat removal, but
require some type of insulation and support for the large
forces. Inorganic insulation provides radiation resistant
insulation, but it's structurally weak. Two types of inorganic-
insulated CICC coils have been considered for fabrication
of radiation resistant coils: Aluminum conduit with internal
anodization and a mineral oxide insulated CICC. The
mineral insulated consists of an outer jacket with metal
oxide between it and the inner jacket. Designs are
presented that use each of these types of radiation
resistant CICC.

MOM3O0OR3

The kicker magnet system of the RCS in J-PARC

J. Kamiya, T. Takayanagi, JAERI/J-PARC; E. Nakamura,
T. Kawakubo, S. Murasugi, KEK/J-PARC.
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The role of the kicker magnet in the J-PARC Rapid Cycling
Synchrotron (RCS) is to extract the proton beam which is
accelerated up to 3 GeV. The kicker magnet system is
consists of a fast pulse power supply and a magnet. Their
characteristic impedances are designed to match each
other to prevent a reflection of fast pulse in their
connections. The power supply is mainly composed of the
charging unit, the pulse forming network, which is co-axial
cables, and thyratrons as switching device. The maximum
charging voltage is 80kV. The peak electric power throw
the thyratron is very large. We suffered from self-
breakdown of the thyratrons without trigger signal. The
energization as aging in several tens of hours was found to
reduce the self-breakdown drastically. The magnet is a
distributed twin-C type. The circuit parameters are
designed to have the 10 ohm characteristic impedance.
The measured characteristic impedance was close to 10
ohm. There will be no large mismatching between the
power supply and the magnet. This magnet is installed in
the vacuum chamber to prevent the electric discharge. We
established the process to reduce the outgas from the
components by baking them at appropriate temperature.

MOM30R4

Opposite Field Septum Magnet System for the J-PARC
Main Ring Injection

. Sakai, K. Fan, Y. Arakaki, KEK.

The opposite field septum magnet system has been
applied to the injection system of the J-PARC 50-GeV
proton synchrotron. The features of the system are a force-
free structure, easy pulse excitation and the possibility of a
large-aperture, thin-septum structure. The septum magnet
has the structure of an inside-vacuum to eliminate the
thickness of the vacuum-chamber walls and electric-
insulation layer to make the septum thickness as thin as
possible. However the magnet cores and return coils are
outside of the vacuum to reduce the out-gassing rate of the
vacuum system. Finally, the larger beam aperture than the
full acceptance of the ring can be obtained at the septum
magnet for low-loss injection. In this paper we will introduce
the actual operation of the opposite field septum magnet
and how to eliminate the error fields caused by fabrication
errors and eddy current with pulse excitation.

MOM3O0RS5

Radiation Resistant Magnets for the J-PARC

K. Tanaka, J-PARC Promotion Office, High Energy
Accelerator Research Organization (KEK); E. Hirose, H.
Takahashi, Y. Suzuki, M. Takasaki, KEK; T. Birumachi,
Hitachi Cable Ltd.; Y. Saitoh, K. Yahata, K. Kato, H.
Tanaka, Tokin Machinery Corp.

A series of the R&D works on the radiation resistant
magnets for the Japan Proton Accelerator Research
Complex (J-PARC) has been continued. The main
accelerator of the J-PARC is the 50 GeV-15 micro A proton
synchrotron (50GeV-PS) the beam power of which reaches
750 kW. Then the radiation resistant magnet is the key
technology to realize the external beam lines and
experimental facilities of the J-PARC 50GeV-PS. The
radiation resistant technologies we have selected for the J-
PARC are; (1) Polyimide resin insulation for up to 1048 Gy,
and (2) Mineral Insulation magnet Cables (MICs) with
larger cross sections for higher radiation dose than 108
Gy. Approximately 20 polyimide insulation magnets and 10
MIC magnets have been designed for the external beam
lines of the 50GeV-PS, and are now under fabrication. In
addition to them, coils of more than 50 existing ordinary
epoxy-insulation magnets will be replaced by polyimide-
insulation coils or by MIC coils in order to increase their



radiation resistance to the J-PARC grade. These
modifications will be completed by the end of March 2006.
Then approximately 80 radiation resistant magnets will be
prepared for the J-PARC 50GeV-PS. We have reported our
R&D works on polyimide-insulation and MIC magnets in
the previous MT conferences. At the coming MT-19, we will
report the status of the mass production/preparation of

these radiation resistant magnets for the actual
construction of the J-PARC.
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MOAO1POO1

Stability considerations of MgB2 superconductor

A. Stenvall, A. Korpela, R. Mikkonen, Tampere University
of Technology / Institute of Electromagnetics.

Magnesium diboride, MgB2 is a tempting superconducting
material in real technical applications due to its relatively
simple structure and high critical temperature. It is widely
believed that the MgB2 conductors could deliver the wire
performance required for applications operating at 20-30 K
in the $1 to $3 per kA-m range in the near future. The
material is suitable especially at low field dc applications
such in MRI devices and induction heaters. The stability
analysis of MgB2 is however challenging. This is due to the
fact that most conductors include ferromagnetic
constituents in matrix metal. In addition the electromagnetic
behaviour can be either isotopic or anisotropic depending
on the conductor configuration. In this paper the numerical
stability model is presented both for an individual MgB2
multifilamentary conductor and also for model solenoid.
The results are compared to equivalent LTS and HTS
magnets.

MOAO1POO02

Bending Introduced Strain Effects on the
Fabricated MgB2 Wire with Fe Sheath

X. Li, L. Xiao, Z. Zhang Institute of Electrical Engineering,
CAS.

The effects of bending on Jc and Tc of MgB2/Fe mono-
core wire fabricated via in-situ PIT method were
investigated. With the decreasing of the bending radii, Jc
and Tc decrease significantly. The cracks in the
superconductor were suggested to be the main reason of
such degradation. The critical parameters of the bended
wire were able to recover after post-annealing.

In-situ

MOAO1POO03

Fabrication of 130m-class MgB2/Fe/Cu wires and the
results of small coil tests

H. Kitaguchi, K. Tanaka, H. Kumakura, NIMS; H. Yamada,
M. Hirakawa, Central Japan Railway Co.; M. Okada, HRL,
Hitachi Ltd.

We made 130m-long Fe/Cu-composite sheathed MgB2(Mg
+ amorphous B) wires through PIT route. The diameter of
the wires is 0.8mm. Two small solenoid coils were
fabricated using different batches of the wires and using
wind & react process (heat treatment at 873-923 K for 1-10
h.) The test results of a coil using a 58m-long piece (459
turns) have been reported so far. In this paper, we report
the test results of the other coil made of 86m-long piece
(642 turns) and the comparison between these two coils. In
the coil tests, we measured Ic of the coil under various
external fields and temperatures. The Ic of the coil reached
195 A (engineering current density, Je, =390 A/mm2) at 4.2
K and in the external field of 1 T. The coil generated 1.95 T
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(the center magnetic field, Bo), thus the total field reached
295 T. Je exceeded 100 A/mm2 in the external fields
below 3.5 T, 25 T, and 1.5 T at 15 K, 20 K, and 25 K,
respectively. These performances of 86m-coil are similar
very much to those of 58m-coil. This indicates that the
fabrication process of 130m-long wire and the heat
treatment process are highly reproducible.

MOAO1PO04

Self-field Loss in AC Transport Current for Ni-sheathed
MgB2 Superconducting Tapes

S. Murase, M. lino, S. Kim, N. Nanato, Okayama
University; Y. Yamada, K. Tachikawa, Tokai University.

AC transport current loss (self field loss) of exsitu-
processed MgB2 superconducting tapes with Ni sheath
was measured under different conditions of transport
current value, transport current frequency, and
temperature. Experimental results were compared with
Norris’ theoretical curve, which were larger than the
theoretical one and decreased with increasing frequency.
Furthermore, loss — normalized transport current (transport
current normalized by critical current) curves varied with
temperature and the loss at 9 K was larger than that at 14
K. The frequency dependency of the loss is considered to
be due to the skin effect. Although one of the loss origins is
the hysteresis of ferromagnetic nickel-sheath, the
hysteresis loss of Ni was to be negligibly small based on
the estimation and measurement for loss of Ni. Main
contributions to large loss are clarified by introducing a
model of three concentric layers of MgB2 core in the wire
caused by the inhomogeneity of critical current density and
critical temperature. The measured curves and
characteristics of loss — normalized transport current
accorded with the calculated curves using above
mentioned three-layered model.

MOAO1POO05

Superconducting properties of MgB2 tapes fabricated
with different alloys as sheath materials

V. Braccini, C. Fanciulli M. Tropeano, M. Vignolo, A.
Tumino, A. Malagoli, C. Bernini, G. Grasso, A.S. Siri,
INFM-LAMIA.

At present, MgB2 appears suitable for niche applications at
low and intermediate magnetic fields, and it has been
shown to possess magnetic field capabilities that can be
improved so as to overcome those of the best low Tc
superconductors at 4.2K. At the same time, viable wire and
tape technologies have been developed leading to samples
with good superconducting properties over long lengths.
We studied the influence of the deformation process, the
sheath material and the precursor powders on the
superconducting properties of ex-situ powder-in-tube
processed MgB2 tapes. We used magnetic (Ni), slightly
magnetic (Ni-W alloys) or non-magnetic (Ni-Cr alloys)
sheaths. We used a commercially available Ni80-Cr20
alloy and we produced Ni-Cr and Ni-W alloys with different
Cr or W percentages. We correlated their structural and
physical properties with the different chemical
compositions. Being these Ni alloys much harder than the
Ni, their use induces a higher degree of stress improving
properties such as the critical current density and the
irreversibility field. On the other side, it is very hard to be
cold-worked and cracks may occur in the phase,
deteriorating the properties of the superconductor. We
studied the influence of the pre-reacted MgB2 powders on
the final properties of the tapes. We used powders with
different granulometry, and doped in a different way, in
order to increase the critical current density and improve
the magnetic field capability of such tapes.



MOAO1POO06

Preparation and characterization of superconducting
MgB2 powders for powder-in-tube manufacturing

M. Vignolo, A. Tumino, V. Braccini, C. Bernini, G. Grasso,
A. S. Siri, INFM-LAMIA.

Soon after the announcement of superconductivity in
Magnesium diboride it appeared as a promising candidate
for practical applications. At present, many efforts are
focused on the development and manufacturing of long
lengths MgB2 based conductors such as wires and tapes
mainly for applications in low magnetic field, and in
perspective for magnets as well. We produced tapes
through the ex-situ powder in tube (P.l.T.) technique, thus
allowing the use of pre-reacted MgB2 powders. This work
regards the preparation, characterization and optimisation
of MgB2 pure and doped powders to be used in
superconducting tapes manufacturing in order to improve
their properties such as the critical current density, the
irreversibility line and the upper critical field. First of all, we
developed an original method that allows the synthesis of
large quantities (up to 1 Kg for batch) of MgB2 powders,
needed for the production of long length tapes. We
preformed a systematic study of their structural,
morphological and superconducting properties both on the
powders and on the tapes, with a comparison to those of
commercially available powders. In addition we studied the
pinning properties of the powders and the tapes in order to
improve the tapes performances in presence of magnetic
field. This was done following two ways: ball milling of
powders in order to vary the granulometry and therefore
the grain boundaries, and chemical doping, in particular
with carbon and silicon carbide.

MOAO01POO07

High Critical Current densities
MgB2 Wires and Coils

A.C. Serquis, G. Serrano, M.T. Malachevsky, Instituto
Balseiro - Centro Atomico Bariloche; L. Civale, B. Maiorov,
LANL.

MgB2 is a promising material for making cheap and light
magnets. The power-in-tube (PIT) method is one of the
best procedures for processing britle MgB2 into
superconducting wires and tapes. Previous results indicate
that low level of doping with Al, C and nano SiC powders
improves the critical current density (Jc) of MgB2 bulk
samples. Besides, the relatively low values for the upper
critical field (Bc2) reported for MgB2 in the early days were
rapidly overcome by the enormous progress achieved in
bulk samples and thin films in the so-called dirty limit.
Therefore, the optimization of the fabrication process for
MgB2 long conductors should also include methods to
enhance Bc2 and the irreversibility field (B*). In this paper
we report on the fabrication and characterization of doped
MgB2 wires and tapes prepared by PIT with commercial
stainless steel and Ti sheaths. A series of samples have
been prepared by different mechanic deformation
procedures and sintered at different temperatures between
700°C and 950°C, in order to correlate their
superconducting properties such as Jc, Bc2 and B* with
the fabrication conditions and the doping content.

in Powder-in-Tube

MOAO01POO0S8

Properties of MgB2 Superconductor by doping
impurity of SiC, Graphite, C60, and C nano-tube

K. Agatsuma, M. Furuse, S. Fuchino, National Institute of
Advanced Industrial Science and Technology; W.J. Lee,
J.M. Hur, Department of Metallurgy and Materials
Engineering, Hanyang University.

Since MgB2 superconductor was discovered by Akimitsu,
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many scientists has been studied this new intermediate
temperature superconductor material. Recently Dou
reported the critical current density and flux pining of MgB2
is enhanced by doping of SiC nano powder, and Fuijii
reported MgB2 superconductor made by the powder in
tube ex-situ process using MgH2 as a precursor powder
enhanced the critical current density especially under high
magnetic field. Also Matsumoto reported the irreversibility
field of MgB2 tape prepared by this the powder in tube in-
situ process using MgH2 as a precursor powder increased
to 23T by the SiC doping. These results show MgB2 has
high potential as a strong candidate for a practical use. We
study the effects of doping nano carbon impurity because
graphite has the same structure as the hexagonal Boron
structure in MgB2. We added carbon impurities of graphite,
C60, and open ended carbon nano tube respectively to
MgB2 conductors made by powder in tube in-situ process.
The experimental results will be presented.

MOAO1PO09

Doping Effects of TiC and Mo2C on the Critical Current
Properties of MgB2 tapes

A. Yamamoto, J-I. Shimoyama, S. Ueda, Y. Katsura, |.
Iwayama, S. Horii, K. Kishio, University of Tokyo.

In our previous study, the MgB2 / SUS316-sheathed short
tapes fabricated by the Powder-in-Closed-Tube method
were found to exhibit excellent critical current properties
with Jc of over 0.4 MA/cm2 and Birr exceeding 6 T at 20 K.
On the other hand, moderately low level carbon
substitution for boron site in MgB2 is well known to improve
critical current properties particularly under high magnetic
fields. The carbon substitution essentially accompanies a
decrease of Tc and shortening of the a-axis length of
MgB2. In the present study, TiC, Mo2C doped MgB2 tapes
were synthesized in order to clarify effects of these carbon
containing dopants on the microstructure and critical
current properties of MgB2 tapes. Tc and the a-axis length
of the TiC, Mo2C doped MgB2 tapes were systematically
decreased with increasing nominal doping level x in Mg_(1-
x)B_(2-x)(TiC)_x and Mg_(1-2x)B_(2-x)(Mo2C)_x while the
c-axis lengths were almost unchanged. TiC or Mo2C doped
MgB2 tapes showed distinct field and temperature
dependence of Jc from undoped tapes. Improved high field
Jc properties were observed for suitable amount of TiC,
Mo2C doped samples both especially at low-temperatures
around 5 K. Details of sample characterization and
mechanism of enhanced Jc will be discussed including
microstructural changes by doping of TiC and Mo2C.

MOAO1PO10

Bulk MgB2 Doped with SiC and Diamond Nanopowders
during Sintering by HP and HIP Techniques

D. Kuzmenko, A. Morawski, T. Lada, T. Mazur, D.
Kolesnikov, Institute of High Pressure Physics, PASc; R.
Diduszko, Institute of Electronic Materials Technology,
Warsaw; A. Zaleski, Institute of Low Temperature and
Structure Research, Wroclaw; K. Przybylski, University of
Science and Technology (AGH), Cracow.

Bulk MgB2 was prepared by Hot Pressing (HP) and Hot
Isostatic Pressing (HIP) techniques. Commercially
available MgB2 powder (Alfa Aesar) milled in high energy
mill was used as a precursor for sintering. Nanopowders of
SiC and diamond were used as dopants to improve the
superconducting properties of MgB2. HP was performed on
the loose powder enclosed in the iron containers under 0.4
GPa of uniaxial pressure at different temperatures. HIP
was carried out on the predensified samples packed into
the soldered iron sheaths under up to 1 GPa of isostatic
argon pressure. The dependence of sintered MgB2



morphology and superconducting properties (Jc, Hc2) on
the sintering parameters and the dopant material and
concentration was studied by X-Ray, EDAX, SEM methods
and magnetization measurements.

MOAO1PO11

High Hc2 and Hirr in MgB2 coated-conductor fibers
X.X. Xi, A.V. Pogrebnyakov, J. Chen, Q. Li, J.M. Redwing,
Pennsylvania State University; V. Ferrando, University of
Genoa/INFM-LAMIA; P. Orgiani, University  of
Naples/INFM-Coherentia; J. E. Giencke, C. B. Eom,
Department of Materials Science and Engineering and
Applied Superconductivity Center, University of Wisconsin.
MgB2 coated-conductor fibers were deposited on SiC
fibers by hybrid physical-chemical vapor deposition
(HPCVD). X-ray diffraction shows polycrystalline MgB2
with Mg2Si peaks. The clean MgB2 fibers have high Tc of
~ 40 K. When alloyed with carbon, the upper critical field
Hc2 and irreversibility field Hirr of the fibers increase
dramatically. The highest measured value of Hc2 is ~55 T
and of Hirr is ~ 40 T at low temperatures. The results show
that, first, epitaxy is not necessary in achieving the
extraordinarily high values (over 60 T) previously reported
in textured carbon-alloyed thin MgB2 films; and second,
coated conductor using HPCVD is a viable approach for
high performance MgB2 conductors for high-field magnets.

POSTER SESSION 13:30 - 15:30

STRUCTURAL AND MAGNETIC MATERIALS &
INSULATION

MOAO2PO0O1

Mechanical Properties of Zylon/Epoxy Composite at
295 Kand 77 K

R.P. Walsh, C. Swenson, NHMFL-FSU; N. Bednar, Perseo
Engineering.

Zylon fiber, poly(p-phenylene-2,6-benzobisoxazole) PBO
has found recent use in high-field pulse magnet coil
development because of this fiber's extremely high 295K
ultimate tensile strength (>5.0 GPa) and elastic modulus
(280 GPa). Although the fiber properties are well
documented, there is limited data available with respect to
its properties in fiber/epoxy composite form and at low
temperatures. A test program has been conducted to
investigate the properties one can attain from a
Zylon/epoxy composite, produced using pulse magnet
fabrication techniques (race track specimens are fabricated
using various winding tensions and outside form
techniques). The relationship between winding tension,
ultimate tensile strength (UTS), and filling factor of the
fibers is studied. The ultimate tensile strength (UTS),
elastic modulus, and maximum strain at failure of a
unidirectional Zylon/epoxy matrix composite are measured
at both 295K and 77K. The thermal contraction of the
composites are also measured and reported.

MOAO02P0O02

RF Magnetic Shielding Effects of the Compound
Material Constructed from the Ferrite and Bincho-
Charcoal Plates

H. Norikane, S. Gokyu, A. Omura, M. Itoh, Interdisc. Grad.
School of Science and Engineering, Kinki University; Y.
Hotta, EMC Engineering Laboratory Ltd.

RF magnetic shielding materials are used to reduce the
influence of environmental electromagnetic waves, and to
protect the environment from the leakage of any generated
electromagnetic waves. In present study, RF magnetic
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shielding degree SDh of a compound material, such as a
bincho-charcoal plate superimposed by ferrite plate, is
measured by use of the measuring cell for the near field
(46 mm wide, 46 mm in height, 55 mm deep, 2 mm thick).
The value of SDh for a ferrite plate was found to increase
as the frequency increased over range from 1 MHz (SDh at
1 MHz: 20 dB) to 20 MHz (SDh at 20 MHz: 35 dB), and to
decrease in frequency region from 20 MHz to 1 GHz (SDh
at 1 GHz: 9 dB). However, it was found that the value of
SDh for the bincho-charcoal plate is held at 0 dB in
frequency range of 1 MHz - 8 MHz, and then increases
over the frequency range of 8 MHz - 1 GHz (SDh at 1 GHz:
35 dB). Here, bincho-charcoal is obtained from very hard
oak, sintered under high temperature conditions. The RF
magnetic shielding characteristics were found to be
improved by using the compound material, in the frequency
region from 7 MHz to 1 GHz, that is, the value of SDh is
held at approximately 35 dB on these wide frequency
region. The present paper examines the effects of RF
electromagnetic shielding on the compound materials. This
includes the RF magnetic and electric shielding degrees,
SDh and SDe, as a function of frequency, and the SDh and
SDe as a function of RF power.

MOAO2P0O03

An innovating insulation for Nb3Sn Wind & React
coils: electrical tests

L. Quettier, J.M. Rey, F. Rondeaux, CEA Saclay; A.
Puigsegur, E. Prouzet, Institut Européen des Membranes -
CNRS Montpellier.

If Nb3Sn is the best superconductor candidate for the
realisation of high field magnets (>10-11 Teslas), its
implementation remains delicate because of the great
brittleness of material after the heat treatment necessary to
the formation of Nb3Sn compounds. The conventional
insulation for Nb3Sn Wind & React coils requires to
perform, after the heat treatment, a vacuum resin
impregnation, which adds to the cost and raises failure risk.
We have proposed a one-step innovating ceramic
insulation deposited directly on the un-reacted conducting
cable. After the heat treatment necessary to the formation
of the Nb3Sn, we obtain a coil having a mechanical
cohesion, while maintaining a proper conductor positioning
and a suitable electric insulation. We have shown that
using this insulation in a coil manufacture process doesn’t
affect the electrical properties of the Nb3Sn wires. A
solenoid of small dimensions (9 * 20 turns on an internal
diameter of 22 mm) has produced a magnetic field of 3.8 T
under 740 A. It was tested with success in high external
magnetic fields: the quench limits have been imposed by
the strand and the insulation was not damaged.

MOA02P0O04

The Structure and Magnetic
Hydroextruded Dysprosium

A. Bulatov, M. Lazareva, M. Tikhonovsky, N. Chernyak,
National Science Center "Kharkov Institute of Physics &
Technology” (NSC KIPT).

The low-temperature collinear ferromagnetic Dy that has
high saturation flux density is a promising material for
building magnetic flux concentrators for various cryogenic
magnetic systems. An impediment for its employment in
the polycrystalline isotropic state is the giant
magnetocrystalline anisotropy. The problem has been
resolved of crystalline structure control throughout the
mass volume. The review of the experimental results
indicated that: 1.As a result of the plastic strain obtained
via the technique of Dy room temperature hydroextrusion,
the favorable crystallographic  grain  orientation

Properties  of



{0001}<1010> was created along the direction of the
extrusion. The degree of the spread of the axial grain
orientation, according to the X-rays analysis, after the
deformation of 60-75% is within the angular limits of 15-10
degrees, respectively. The grain size dispersion of the
extruded samples does not exceed 1-2 microns. 2. The
magnetic properties were studied in applied fields up to 15
T at T=4.2, 204 and 78 K. The dependence of
magnetization on field value, its magnitude and saturation
field are close to the respective parameters of single crystal
(at 4.2 K the saturation magnetization is 3.7T). 3. Massive
hydroextruded rods (d=16-40 mm) were employed to make
a batch of magnetic flux concentrators for superconducting
solenoids. The additional magnetic field in the gap of 1 mm
is ~ 40% of the main solenoid one, the field homogeneity
being at the level of 10(-4).

MOAO02PO05

Production of austenitic steel
superconducting dipole magnets

F. Bertinelli, G. Peiro, A. Russo, CERN; S. Comel, P.
Harlet, A. Taquet, ARCELOR Group.

The austenitic steel collars are an important component of
the LHC dipole magnets, operating at cryogenic
temperature under high mechanical stress. The required
steel, known as YUS 130S, has been specifically
developed for this application by Nippon Steel Corporation,
followed in 1999 by a CERN contract for the supply of 11
500 tonnes. In 2005 — after six years of work — the contract
is being successfully completed, with final production being
ensured since October 2004 by Nippon Steel & Sumikin
Stainless Steel Corporation (NSSC). The paper describes
the steel properties, its manufacturing and quality control
process, organization of production, logistics and contract
follow-up. Extensive statistics have been collected relating
to mechanical, physical and technological parameters.
Specific attention is dedicated to measurements of
magnetic  permeability  performed at  cryogenic
temperatures by CERN, the equipment used and statistical
results. Reference is also made to the resulting precision of
the fine-blanked collars. Finally new applications for this
steel are described, as an example of technology transfer
from the particle accelerator domain to Industry.

for the LHC

MOAO02P0O06

Production of low — carbon magnetic steel for the LHC
superconducting dipole and quadrupole magnets

F. Bertinelli, G. Peiro, A. Russo, CERN; S. Comel, P.
Harlet, A. Taquet, ARCELOR Group.

In 1996 CERN negotiated a contract with Cockerill Sambre
— ARCELOR Group for the supply of 50 000 tonnes of low
— carbon steel for the LHC main magnets: this was the first
contract to be placed for the project, and one of the single
largest. In 2005 — after nine years of work — the contract is
being successfully completed. The paper describes the
steel specifically developed, known as MAGNETIL, its
manufacturing and quality control process, organisation of
production, logistics and contract follow-up. Extensive
statistics have been collected relating to mechanical,
physical and technological parameters. Specific attention is
dedicated to magnetic measurements (coercivity and
permeability) performed at both room and cryogenic
temperatures, the equipment used and statistical results.
Reference is also made to the resulting precision of the
fine-blanked laminations used for the magnet yoke. The
technology transfer from the particle accelerator domain to
Industry is ongoing: a new application for the screening of
high voltage cables buried in the ground is described.
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MOAO2PO07

Curing of LHC main dipole coils insulated with all
polyimide PIXEO® adhesive tape

P. Fessia, H. Kummer, D. Tommasini, CERN; F. Van de
Velde, A. Kuribayashi, Kaneka High Tech Materials.

An all polyimide system made by plain and adhesive
coated tapes has been adopted for the turn to turn
insulation of the LHC coils. In this analysis we put in
evidence how different parameters of the curing cycles
affect the final bonding quality. Data for two different glue
compositions are compared showing how the conjoint effort
between CERN and Kaneka has helped to enlarge the
window in which this material provides outstanding gluing
making easier to keep under control bonding quality
throughout the mass production in a real industrial
environment.

MOAO02P0O08

Pulse Magnetic Characteristics of Ferrites at high rates
of Magnetization for Pulsed Magnets

R.S. Schinde, P. Pareek, R.R. Yadav, S. Kotaiah, Head
Ferrite Lab., MDL, CAT.

High frequency ferrites like NiZn,NiZnCo are used in high
speed magnets for Accelerators.The magnetization rates
are involved are up to about 5T/microsecond & reverses in
the order of few ns.To design fast pulsed magnets,it is
necessary to know how the ferrite magnetization under
ns.To meet this requirement,a simple domain model has
been used to explain fast flux reversal in Ni-Zn
Systems.The model described here to predict electrical
behaviour of ferrites at pulse conditions.The ferrite
microstructure is represented by an effective spherical
grain & effective domain wall collapsing inside the
grain.The stimulated pulse response is compared with
experimental results ferrites.To our knowledge,a
systematic study of pulse magnetization of ferrites has not
been reported in the literature.Since,ultimate utilization of
ferrite compositions must be based on actual under pulse
conditions.A pulse hystersisgraph set up has been built to
measure the response of ferrite to fast, high rates of
magnetization(~3 T/microsecond) so that these test results
directly applied to the design of high speed magnets &
magnetic devices for Accelerators.We have also developed
a Coaxial fixtures to measure ns pulse response of
ferrites.This paper presents ferrite domain model for pulse
magnetization at high rates (dB/dt ~ 3 T/micosecond),
modelled results comparision with experimentally obtained
results.The measured pulse response nearly agrees with
the stimulated pulse response from domain wall.

MOAO02PO09

Dielectric thermal analysis as a tool for quantitative
evaluation of the viscosity and the kinetics of epoxy
resin curing

C.Y. Shigue, R. Santos, M. Abreu, C. Baldan, A. Robin, E.
Ruppert-Filho, DEMAR/FAENQUIL.

Dielectric thermal analysis has been proved as a valuable
tool for monitoring the epoxy curing process and the
related rheological properties in the fabrication of polymer-
matrix composite materials. This technique has also the
potential to be applied in the monitoring of magnet
impregnation processes as well as in quality control. In this
work we present the quantitative evaluation of the viscosity
changing and the curing kinetics for the Stycast epoxy
resin system at different temperatures using an impedance
analyzer. The results show a very consistent correlation
between the complex impedance and the reaction extent
as well with viscosity measured by rotational rheometer.
The results were also compared with the Diferential



Scanning Calorimetry (DSC) analysis and the kinetics
parameters obtained from both methods showed an
excellent agreement, pointing out the dielectric thermal
analysis should be applied in quantitative measurement of
curing reaction kinetics.

MOAO2PO10

Thermal Conductivity with Various Temperatures and
Dielectric Strength of the Impregnating Materials for
the Bifilar Winding Type Superconducting Fault
Current Limiter

S.E. Yang, D.K. Bae, M.C. Ahn, H. Kang, D.K. Park, T.K.
Ko, Department of Electrical and Electric Engineering,
Yonsei University; Y.S. Yoon, Ansan College of
Technology; S.Y. Choi, Sungkyunkwan University; S.H.
Kim, Department of Electrical Engineering, Gyeongsang
National  University, H.M. Chang, Department of
Mechanical & System Design Eng., Hongik University.

The resistive type high temperature superconducting fault
current limiter (HTSFCL) limits the fault current with the
resistance generated by fault current. The generated
resistance by fault current makes large pulse power which
makes the operation of HTSFCL unstable. So, the
cryogenic cooling system of the resistive type HTSFCL
must diffuse and eliminate the pulse energy very quickly.
Although the best way is to make wide direct contact area
between HTS winding and coolant as much as possible,
HTS winding also needs the impregnation layer which fixes
and protects it from electromagnetic force. This paper
deals with the thermal conductivity and dielectric strength
of some epoxy compounds for the impregnation of high
temperature superconducting (HTS) winding. The thermal
conductivity of stycast® blue/catalyst 23LV that had better
thermal characteristic property in liquid nitrogen was
measured at 200K, 100K, 77K, 65K and 50K using
conduction cooling method. The dielectric strength was
measured in liquid nitrogen. The obtained data can be
used in the optimal design of impregnation for HTS
winding. Aluminar filling increased the thermal conductivity
of epoxy compounds. Hardener also affected the thermal
and electric characteristic of epoxy compounds,

MOAO2PO11

Dielectric Characteristics of EPR for 66kV-class Power
leads of High Tc Superconducting Fault Current
Limiter.

M. Sakai, H. Kaneiwa, M. Urata, Toshiba corporation; H.
Koyama, TMT&D; Y. Tokunaga, Tokyo elecric power
company; K. Inoue, Super-GM.

66kV-class power lead insulation system has been
developed. This power lead is insulated by ethylene-
propylene rubber (EPR) without filler that has excellent
crack resistance. Dielectric characteristics of this EPR were
investigated. Breakdown voltage was measured against 1-
10mm thickness at room temperature and liquid nitrogen
temperature. And lifetime against electrical stress was
measured. Therefore these characteristics were clarified, it
came to be able to make the power lead insulation
compact. And the power lead insulation verification model
was made and electrical insulation property was evaluated.
At result, this model satisfied a prescribed electrical
insulation property. This work had been carried out as a
part of Super-ACE (R&D of fundamental technologies for
superconducting AC power equipment) project of METI,
being consigned by NEDO.

MOAO2PO12
Flux Dynamics in Inhomogeneous
Superconductor during Pulsed Field Magnetization

Bulk
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R. Shiraishi, H. Ohsaki, The University of Tokyo.

Pulsed field magnetization (PFM) is one of the key
technologies for magnetizing bulk superconductor as a
strong flux source. Recently, various apparatuses using
bulk superconducting magnets have been studied and
developed. In these apparatuses, it is expected that the
application of PFM would make the magnetization system
much simpler than the other methods. However, the
performance of PFM is dependent on the conditions of
applied magnetic field, superconductive properties, etc.
Efficient and effective magnetization is an essential issue
for practical use of PFM for high-performance bulk
superconductors. The bulk superconductor has inevitably
more or less nonuniform distribution of superconductive
properties. In PFM, this inhomogeneity greatly influences
magnetic flux motion in the bulk superconductor and also
the flux density distribution after PFM. In the local region
with lower critical current density the smaller shielding
current is induced and the magnetic flux penetrates more
easily. Furthermore, the heat generation by the flux
penetration causes the more lowering of critical current
density. This paper discusses the relation between the
inhomogeneous superconducting properties of the bulk and
the magnetizing properties of PFM. Then, better
magnetization conditions are examined in consideration of
magnetic flux dynamics in the inhomogeneous bulk
superconductor during PFM.

MOAO2PO13

Electrical Properties of Ceramic Insulation Coatings for
Magnet Technology

L. Arda, S. Aktas, Marmara University; O. Cakiroglu,
Istanbul University.

Withdrawn.

MOAO2PO14

Influence of heat treatment regime on magnetic
properties of melt-spun Nd4.5Fe77B18.5 alloy

V. Cosovic, N. Talijan, J. Stajic-Trosic, A. Grujic, Institute of
Chemistry, Technology and Metallurgy; T. Zak, Institute of
Physics of Materials, Academy of Sciences of the Czech
Republic.

Withdrawn.

MOAO2PO15

Mossbauer study and thermomagnetic measurments
of melt spun Nd-Fe-B alloys with different Nd content

J. Stajic-Trosic, N. Talijan, V. Cosovic, A. Grujic, Institute of
Chemistry, Technology and Metallurgy; V. Menushenkov,
Moscow State Institute of Steel and Alloys (Technological
University);, T. Zak, Institute of Physics of Materials,
Academy of Sciences of the Czech Republic.

Withdrawn.

POSTER SESSION
MAGNET DESIGN (I)

13:30 - 15:30

MOAO3PO01

Bump Magnet of CSRm

L. Ma, S. Han, Z. Zhou, Y. He, Y. Su, W. Liu, S. Zhang, P.
Yuan, Y. Yuan, J. Xia, Institute of modern physics of CAS.
CSRm is a new heavy ion storage ring just been
constructed in Institute of modern physics, Chinese
academy of sciences, lanzhou,China. Four Bump magnets
are used for the ion injection of this storage ring. The
electric-magnetic optimizing design, the field calculation,
the test result will be described in this paper.



MOAO3P0O02

The Magnetic Septum System of CSR

L. Ma, Graduate School of CAS; S. Han, Y. He, P. Yuan, Y.
Yuan, J. Xia, Institute of modern physics of CAS.

CSR, a new accelerator project at the Heavy lon Research
Facility in Lanzhou (HIRFL ), is a multipurpose Cooling
Storage Ring (CSR) system that consists of a main ring
(CSRm) and an experimental ring(CSRe). In order to
satisfy the requirements of the beam injection and
extraction, four magnetic septa will be used in the injection
and extraction for the two storage rings. The choice of the
type, the electric-magnetic design and the field calculation
will be introduced in this paper, including the construction
and mechanic design, the fabrication and the test.

MOAO3PO03

Design Methods of the Modified Spherical Quadrupole
Magnet

Y. Bai, M. Yang, Q. Wang, Y. Yu, Institute of Electrical
Engineering, CAS

Withdrawn.

MOAO3PO04

Superconducting Double Dipole High Field Magnet

V. Kashikhin, N. Andreev, V. Kashikhin, I. Novitski, A.
Zlobin, FNAL.

Recent progress in Nb3Sn superconductor technology
provides the base for increasing magnet field in accelerator
magnets up to 15-16 T. The works on such magnet based
on both block-type and shell-type coils are in progress at
Fermilab, LBNL and elsewhere. One of the novel
approaches to the design of this magnet is to split the
magnet winding into two separate dipole windings powered
in series or separately. Each winding generates a
homogeneous magnetic field in the magnet aperture. The
paper presents conceptual magnetic and mechanical
designs of 15 T double dipole magnet and discusses
several scenarios of magnet powering. The inner dipole
winding is based on the 2-layer Nb3Sn coils previously
developed and tested at Fermilab. The outer dipole winding
is made of sub-sized Nb3Sn cable and has about two times
higher current density. Both windings have the shell-type
configuration. For the different powering scenarios the
results of calculation of the field quality, coil magnetization
effects, and the stress analysis are presented.

MOAO3POO05

Excitation of superconducting coil
reinforced Nb3Sn conductor in 14 T

T. Takao, K. Umekawa, Y. Fukasawa, T. Ilwamura, S.
Minowa, Sophia University; M. Umeda, M. Furuse, National
Institute of Advanced Industrial Science and Technology.
We have studied mechanical property and Ic degradation
of Ta reinforced Nb3Sn conductors. When the conductor is
reinforced by Ta filaments, strain of the conductor against
stress decreased and the Ic degradation also becomes
small. We fabricated the coil made of the Nb3Sn
conductor; and we excited the coil in the backup magnetic
field of maximum 14 T. And the stress and quench current
were measured. After warming up of the coil to room
temperature, we cut the coil and observed cracks between
the bobbin and the winding in the cross-section of the coil.
In the paper, we present the detail of the experimental
results, and analyze the stress applied to winding and the
strain occurred in the winding.

made of Ta-

MOAO3PO06
Optimization of pole shapes by MULTIMAG
A.G. Kalimov, A. Potienko, St.Petersburg State Polytechnic
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University; H. Wollnik, Giessen University.

The optimization of magnet poles is usually based on
iterative procedures which include repited magnetic field
calculation in nonlinear media. For this task we have used
MULTIMAG a program that has been developed for the
design and analysis of magnets used in particle ccelerators
and spectrometers. This program uses finite element
methods to determine magnetic fields characteristics and
includes options for 2D and 3D modeling. First or second
oder finite element techniques are used depending on the
required solution accuracy. One of the important features
of this program is that its calculation mesh is automatically
generated without user interaction for any dipole or
quadrupole magnet. Certain multi-step optimizations are
also performed by MULTIMAG with minimal user
interaction. Such optimizations are most useful for the
design of high performance quadrupole magnets. This
optimizing procedure is based on the reduction of
undesired field harmonics in the area where good field
quality is required. For a quadrupole magnet this goal is
achieved by describing the pole surface as a sum of high
order hyperbolas whose magnitudes are modified
iteratively. This method has been applied successfully to
find optimal poles shapes for a quadrupole magnet with
superimposed six-pole harmonics of required magnitude.

MOAO3PO07

Magnetic Field Distribution Control with Anisotropic
Inter-Pole Magnetic Field

Y. Ilwashita, ICR, Kyoto University.

A novel method to control a magnetic field distribution in a
magnet is devised with use of inter-poles made of
anisotropic magnet material. One can generate a gradient
field in a constant gapped magnet with this technique; the
effective length of the magnet can be constant independent
of the entrance position. Such magnet can have not only
constant gap but also smaller fringing field compared with a
conventional one that controls its field distribution by
changing the gap height. This technique should widen the
recipe to design a magnet with a complex magnetic field
distribution.

MOAO3PO08

3D FEM mechanical modeling of the head of the LHC
Main dipole

P. Fessia, I. Rodriguez Canseco, CERN.

3D finite element mechanical model has been developed to
simulate the complex geometry of the extremities of the
coils for the LHC main dipoles. The final aim is to evaluate
the importance of assembly induced defect of the coil end
spacers and their possible impact on quench
performances. In this paper we describe the first part of the
work that has been carried out. This covers an analysis of
the contribution of the mechanical properties of the
different materials to the rigidity of the heads and the
experimental validation of the model. For such validation
we compared the computed stiffness with the values
observed during production measurements in industry. The
numerical results are in good agreement with the
measured, however some results indicate that direction the
modeling should be refined. The lines for further
development are discussed too.

MOAO3PO09

A non-linear finite element mechanical model for the
LHC main dipole coil cross-section

M. Pojer, A. Devred, CERN.

The production of the dipole for the Large Hadron Collider
is already at its final stage. Nevertheless, some mechanical



instabilities are still observed for which no clear
explanations have yet been found. A modelization of the
dipole cold mass cross-section had already been
developed at CERN, mainly for magnetic analysis, taking
into account conductor blocks and a frictionless behavior.
This paper describes a new ANSYS model of the dipole
coil cross-section, featuring individual turns precise
modeling inside the conductor blocks, and implementing
friction and the mechanical hysteretic behavior of insulated
cables. Preliminary results and development under way are
discussed.

POSTER SESSION
POWER SUPPLIES

13:30 - 15:30

MOAO04POO0O1

The 100 kA DC Power Supply for a Staged Hadron
Collider Superferric Magnet

S.L. Hays, B. Claypool, W. Foster, FNAL.

A 1.5 volt 100,000 amp DC switcher power supply was
developed for testing a superferric magnet string at FNAL.
This supply was used during testing as both the ramping
supply and holding supply due to only a single magnet load
with a total load resistance of 0.7u Ohms. The supply
consists of a bulk power source which is filtered and
regulated at 400 volts and 240kWatts and 10 switcher
cells. The high current part of the supply consist of 10, 1.5
volt 10,000 amp forward converter cells connected in
parallel at the input to the power lead. Each converter has
a 7:1 turns ratio with the primaries of each of the 112
converters connected in series and the bridge outputs all
connected in parallel. During these test each cell was
operated as a constant power device without load current
or field feedback. This paper will describe the design of the
switcher cell and control system used during testing. We
will also describes the next level of improvements to the
current feedback system to improve the ramp control.

MOA04P0O02

Low Temperature Characteristics of MOSFET
Targeting Low-Voltage High-Current Power Source for
Superconducting Magnets

R. Kawanami, T. Ishigouoka, Seikei University.

The authors propose a low-voltage/high-current DC power
source using multi-parallel-connected MOSFETs for an
excitation power source of superconducting magnets. The
power source can operate at 77K in liquid nitrogen bath.
The fundamental idea and some preliminary experimental
results are presented. The preliminary experiment using
100 MOSFETs connected in parallel are carried out. The
forward-direction voltage drop both at room temperature
and 77K has been measured. The experimental results
show good prospect for this type of DC power source in
order to excite superconducting magnets.

MOA04P0O03
A Study on Electrical Characteristics of Advanced
Unipolar Power Electronics Devices for Their

Application to Large Capacity AC/DC Converter

T. Matsukawa, M. Ishida, Department of Electrical and
Electronic Engineering, Mie University; H. Chikaraishi,
NIFS; Y. Sato, Daido Institute of Technology; R. Shimada,
Tokyo Institute of Technology.

The switching device, which is applied to large capacity
AC/DC converter, has been manufactured based on
crystallized Si material, some of which are thyristor, ICBT,
GTO, etc. For the power supply of future nuclear fusion
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experimental system, like ITER, more capacity of AC/DC
converter is required to energize the superconducting coils
with high current. It is an important issue to reduce the
operational loss of such large capacity AC/DC converter for
high efficiency operation of the power supply. To achieve
the high efficiency operation, the switching device of large
capacity AC/DC converter is to have low on-state
resistance. As the most promising device for lower on-state
resistance than that of conventional Si-based device,
advanced unipolar power electronics devices, including
SiC-based one, has been under development. In this
paper, based on some experimental results, the
temperature dependence of electrical characteristics of
advanced unipolar power device is mainly discussed. And,
in comparison with conventional Si-based power device, it
is also mentioned that the advantages of advanced
unipolar power device will promote more efficiency
improvement of large capacity AC/DC converter.

MOA04P0O04

Feasibility Study of a High-Precision Power Supply for
the Ramping Dipoles of a Carbon/Proton Medical
Machine Synchrotron Ring

M. Incurvati, C. Sanelli, INFN-LNF, |. De Cesaris, CNAO.

A Protons and light Carbon ions accelerator for the therapy
of deep tumours is in construction under the responsibility
of the CNAO and INFN in Pavia (Italy). The feasibility study
of the ramping Power Supply (PS) (3000A — 1600V, 1.6
seconds cycle period, maximum current error 30mA) for
the 17 synchrotron bending dipoles is described in this
paper. The magnets must follow a predetermined cycle
between a bottom field/current level of injection and a top
field/current level of extraction depending on the particular
therapy cycle the patient must be subject to. This PS is
requested to have, among others, a bipolar output voltage.
Basing on reference cycle Fourier spectrum the PS
bandwidth has been selected to be 100-200Hz to minimise
transient tracking errors; passive filter and feedback loop
design is presented. Simulations will be shown to analyse
PS performance. Particular attention has been paid to the
choice of the PS topology. A 24-pulses, 4 bridges series-
parallel connected, thyristors topology will be shown to be
the best solution to meet the stringent requirement on the
10-5 of maximum current for the output current residual
ripple and setting resolution. A suitable active filter that is
under design in collaboration with PS builder, is foreseen to
increase system performance and will be also analysed.
The proposed PS design has been accepted by the winner
of the tender that is going to build it in the next months.

MOA04PO05

A Cryogenic Power MOSFET
Regulator for SMES Without Leads
C. Zhao, L. Xiao, L. Lin, Y. Yu, Institute of Electrical
Engineering, CAS.

In this paper, a new concept of current regulator(CR) for
SMES without leads is proposed. The cryogenic properties
of power MOSFET for CR is tested in the liquid nitrogen
first, then the principle of CR with soft-switching technology
is presented. CR consists of a current converter, a high
frequency & hybrid temperature transformer and a voltage
converter. The current converter made of power MOSFETs
and one side of the transformer are integrated in a liquid
nitrogen Dewar together with the superconducting coil, so
the leads of SMES can be cancelled. The principle of CR
for SMES without leads is validated by the experiment on a
SMES model with a HTS caoil.

Integrated Current



MOAO04PO06

Experiment for Pumping Current Control of Linear-
Type Magnetic Flux Pump using Feedback Control
Circuit System

Y. Chung, T. Hoshino, T. Nakamura, Department of
Electrical Engineering, Kyoto University.

The fabricated small scale LTMFP, which is operated by
DC and 3-phase currents, has been observed. The
relations between pumping current and these power
sources (DC and 3-phase currents) have been
investigated. In this paper, the pumping current control by
the feedback control system is described. As a preliminary
test, the uniformed pumping current has been generated by
the proposed feedback control circuit system. Detected
voltage signal from the load coil, which is corresponded to
superconducting loop current, is used as an input signal of
the feedback control system. The feedback control circuit
system is performed using a bang-bang control unit and
detected voltage signal of pumping current. The bang-bang
control unit mainly assists in turning on and off the 3-phase
current, and aids in improving the switching speed. As the
feedback control circuit system detects the voltage signal
of the pumping current using a Hall probe, the control
system directly turns on and off the 3-phase current by the
detected voltage signal of the Hall probe. The LTMFP has
been operated under the 6-coil toroidal Nb-Ti magnets of
0.543 H under the operating current of zero level and 10 A
respectively. From these various investigations, the LTMFP
and the proposed feedback control circuit system have
been evaluated as one solution of current compensator for
superconducting magnet.

MOA04PO07

Superconducting power supply for
superconducting solenoid of the CMD-3 detector
S.V. Karpov, A.V. Bragin, A.A. Ruban, Y.S. Popov, BINP.
Superconducting power supply is under development at
BINP, Russia. It is assigned for energizing the thin
superconducting solenoid, which is being constructed for
the CMD-3 particle detector at VEPP-2000 collider. The
power supply will rise up the solenoid current to 1000 A
and provide long-term current stabilization. The power
supply acts like a fullwave a.c.-d.c. rectifier. It consists of
the air-core superconducting transformer and two thermally
controlled superconducting switches used as rectifying
elements. The rectifier is made of NbTi/Cu wires. It
operates with 15 A primary a.c. current amplitude and
provides output current up to 1500 A. This paper describes
the construction of the rectifier as well as its characteristics
achieved in testbed experiments. In case of quench in the
superconducting magnet system some amount of energy
stored in the solenoid could dissipate in secondary circuit
of the rectifier. The problem of the rectifier protection
against damage in such incident is also discussed here.

thin

MOAO04PO08

Voltage Rating Reduction of Magnet Power Supplies
using Magnetic Energy Recovery Switch

T. Isobe, T. Takaku, T. Munakata, H. Tsutsui, S. Tsuji-lio,
R. Shimada, Tokyo Institute of Technology.

In this paper, a new concept of magnet power supplies that
can reduce voltage ratings of the power supplies is
proposed. A magnetic energy recovery switch (MERS)
consists of four MOSFETs or IGBTs and a capacitor. The
MERS is connected in series to a power supply and a coil.
The MERS is a switch module and it has no power supply
in itself. The MERS can absorb the magnetic energy stored
in the coil and generate a high voltage in the capacitor. By
applying the voltage to the coil, the MERS can raise current
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faster than the time constant of the coil. Because the
MERS generates a voltage required for the inductance of
the coil, the power supply only has to supply a voltage
required for the resistance of the coil. Therefore, using the
MERS can reduce a voltage rating and capacity of the
power supply. By using the MERS with a power supply of a
pulsed magnet, high-repetition pulsed current can be
realized with a comparatively small capacity of the power
supply. Some applications require a controlled current
waveform. By controlling the MERS using PWM, the
controlled current waveform is obtained. Operation
principles and characteristics of the MERS are described.
Some experiments were carried out. Experimental results
confirm that the MERS can reduce voltage ratings of power
supplies and generate high-repetition pulsed currents.

MOA04P009

Electric power systems for CNAO

R. Ricci, INFN-LNF; L. Frosini, Universita di Pavia.

A synchrotron machine, capable to accelerate either
Carbon ions or protons, will be the basic instrument of the
medical centre dedicated to the cancer therapy, that is
under construction in Pavia (ltaly). The particles are
injected into the synchrotron ring at low energy from a
linac, and ramped up to the extraction energy, ranging from
60 + 250 MeV/u for protons or 120 + 400 MeV/u for Carbon
ions, according to the medical treatment plane. Therefore
the most of the magnets is cycled up and down with a
period of about 1.6 s. Consequently, the reactive power
required by thyristor converters fluctuates with an
estimated peak value of about 10 MVAr. This strong
variation represents a drawback both from flickering and
equipment stability point of view, even if a dedicated 132
kV substation and an electrical network will feed the
different kind of loads, among them the pulsed power
supplies, typical medical devices, lighting and conventional
loads. Load analysis, flicker effect and voltage fluctuation
have been estimated with load flow simulations and
different solutions, adopting various compensating devices,
have been taken into account in order to comply with
special equipment and public grid requirements. Different
systems of dynamic reactive power compensation have
been also evaluated both from technical and economical
point of view.

POSTER SESSION
STUDIES AND SIMULATIONS

13:30 - 15:30

MOAO5P001

Comparison of HTSC and LTSC magnet efficiencies
E.Y. Klimenko, ISSSPh, RRC "Kurchatov Institute".
Withdrawn.

MOAO5P002

Analysis and simulation of the ITER-type NbTi Bus Bar
Ill with THELMA code

F. Bellina, Universita di Udine; M. Bagnasco, L. Savoldi, R.
Zanino, Politecnico di Torino; L. Muzzi, ENEA Frascati;
P.L. Ribani, Universita di Bologna; E. Salpietro, EFDA
Garching.

Bus Bar Il (BBIll) is a curvilinear NbTi ITER-type
multistrand superconducting cable-in-conduit conductor
(CICC) 7 m long, made of 1152 strands inside a jacket,
cooled with a forced helium flow. BBIll was developed in
the framework of the ITER Toroidal Field Coil Task and
tested in 2004 at Forschungszentrum Karlsruhe, Germany.
In these tests, the sample was fed with different current



waveforms, and two different heaters were used to heat the
jacket or the helium. The sample was equipped with many
thermal-hydraulic (thermometers and mass-flow meters)
and electrical (Hall probes and voltage taps) sensors, to
acquire as wide as possible an experimental database,
aimed at getting a benchmark for the validation of the
THELMA code. THELMA is a computer tool for the analysis
of CICC prototypes and magnets, recently developed and
presently under validation. Starting from the object
geometry, its CICC data and the waveforms of forced
current and external heating power, THELMA can compute
the current distribution among the cable elements used to
represent the cable, taking into account their
superconducting behaviour, as well as the temperature and
the magnetic field distribution. The paper deals with the
application of THELMA to some representative tests on
BBIll and presents in detail the analysis setting-up, the
results, its critical aspects and limits. A comparison is
shown between the measured and the computed
waveforms of the electromagnetic and the thermal-
hydraulic data.

MOAO5PO0O03
The effect of geometry and location of suspension
coils on magnetic levitation force for an

electromagnetic suspension of a superconducting
sphere

C. He, Q. Wang, Institute of Electrical Engineering, CAS.

In this paper, we present the calculation of magnetic
levitation force of superconducting sphere suspended by
coils. The influence on magnetic levitation force due to
geometrical dimensions and relative locations of coils is
analyzed. Theoretical computational results have been
discussed by comparison with numerical simulation results.
By the work it is a possible approach to achieve a stable
suspension of superconducting sphere.

MOAO5P0O04

Modeling of Magnetic Force Control Device Based on
the Inverse Magnetostrictive Effect

S. Cao, B. Wang, J. Zheng, W. Huang, Y. Sun, L. Weng,
Hebei University of Technology.

A device using the inverse magnetostrictive effect of
magnetostrictive materials (such as Terfenol-D) is called a
magnetostrictve sensor. Magnetostrictve sensors have
high energy coupling factors and fast response. Thus, the
sensors have a wide range of applications in hydrophones,
torque sensor, displacement and force sensor, etc. The
difficulty for the sensors, however, lies in the hysteretic
nonlinearity inherent to Terfenol-D. To design and use the
sensors, it is necessary to establish an accurate model of
Terfenol-D. The linear piezomagnetic equations (Clark,
1980) and related modeling techniques (Fenn & Gerver,
1994; Kleinke & Uras, 1996) provide adequate
characterization of Terfenol-D sensing performance in
quasi-linear regimes, hysteresis models for characterizing
Terfenol-D sensing performance are still lacking. To
address this problem, this paper first presents a hysteresis
model of Terfenol-D, and then uses the model to found a
magnetic force model for a magnetic force device (Ueno,
Qiu and Tani, 2004). In the modeling of Terfenol-D, the
magnetization of Terfenol-D is quantified under a magnetic
field and a stress field. The field-induced component of
magnetization is quantified with the ferromagnetic
hysteresis model (Jiles & Atherton, 1986). The stress-
induced component of magnetization is modeled with the
law of approach (Jiles,1995). It is found that the model
results are in a good agreement with the experimental
data.
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MOAO5PO05

Property of Mechanical Heat Generation inside the
Superconductiing Coil installed in MAGLEV Inner
Vessel

Y. Yoshino, Hachinohe National College of Technology; A.
Iwabuchi, T. Suzuki, Iwate University; H. Seino, Railway
Technical Research Institute.

n the JR MAGLEV system, trains are operated by the
electromagnetic force between ground coils and on-board
superconducting magnets (SCMs). However, SCMs are
vibrated by the electromagnetic disturbance during the train
runs. This phenomenon increases the mechanical heat
load inside the inner vessel installed with a
superconducting coil (SC- coil). One of the mechanical
heat load is generated by the friction caused by the relative
microscopic slips between fasteners and the SC-coil. The
purpose of this study is to clear the mechanical heat
generation inside the SC-coil. A frictional test was
performed under fretting conditions against immersing SC-
coil samples in liquid helium. Especially, we focused on the
interface of the polyimide films which coated epoxy resin-
impregnated SC-winding wires. Reciprocating slidings were
provided between the fixed and vibrating specimens with
the maximum peak-to-peak amplitude less than 30 microns
by a vibration generator. Specimens were vibrated up to
the frequency of 300 Hz. As a result, the mechanical heat
generation increased with increasing of the number of
polyimide films.

MOAO5P0O06

Rotation Loss Modeling in Superconducting Magnet
Bearing

I. Masaie, K. Demachi, M. Uesaka, The University of
Tokyo.

In superconducting magnet bearings there are 3 major
physics problems, AC Loss, non-linear motion and irregular
trap field of the superconductor. The effect of AC Loss and
non-linear motion is reduced through the manufacturing
techniques and the control systems. However the angular
velocity loss increases as the rotation velocity increases or
the irregular trap field is enhanced. We have considered
that the angular velocity loss come of the Lorentz force
between the irregular trap field of the superconductor and
the current induced by the irregular field. Thus far the loss
has been evaluated in our computer simulation method. In
this study, we devised the rotation loss modeling in terms
of the motion equation, and the model is demonstrated by
the computer simulation and our experiment.

MOAO5PO07

The study on the electromagnetic characteristics of the
pilot-plant-scale linear electromagnetic stirrer using
finite element method

M-K. Song, Vector Fields Korea. Inc.; S-J. Lee, E.E. Dept.
Uiduk University; J-P. Park, Research Institute of Industrial
Science & Technology.

Withdrawn.

MOAO5P0O08

The study on the electromagnetic characteristics of
square type EMC molds using finite element method
M-K. Song, Vector Fields Korea. Inc.; S-J. Lee, E.E. Dept.
Uiduk University; B-M. Moon, J-S. Shin, KERI.

Withdrawn.

MOAO5P009
Computational Simulation of the interaction between
PM and HTS bulk

M. Qiu, G.H. Yang,

L.Z. Lin, Institute of Electrical



Engineering, Chinese Academy of Sciences.

Finite elements analysis (FEA) is widely used in solving
electromagnetic problems. However, some materials such
as superconductors or materials with a high anisotropy
haven't been well characterized until now. In the latest
decade, the interaction between permanent magnets (PMs)
and high-Tc superconductors (HTSs) has been a subject of
considerable interest because of various industrial
applications including superconducting bearings, flywheel
energy storage systems and motors. A convenient and
simple FEA method is required to deal with complex
configurations of magnetic fields and HTSs to optimize the
engineering of these systems. Hence, the effective
permeability of HTS bulk was tried to derive from different
critical-state models. The interaction between PMs and
HTSs was simulated by using commercial FEA programs.
By comparisons with the experimental data, the feasibility
of the method was discussed in the paper.

MOAO5PO10

Boundary conditions for electric field on the interface
of double strip composite conductor

V. Sobol, O. Mazurenko, Institute of Solid State and
Semiconductor Physics NANB.

The most simple prototype of a composite cryoconductor is
a two-layer plate combination of conductive materials. In an
approach of short circuit model [Kaneko H., 1993] an
effective resistance of a double plate conductor does not
depend on widths of composite elements. That is the
expression for a resistance contains only the thicknesses
of elements. Here the model that assumes an existence of
a transverse current being shorted via interface is
discussed. In other words the new type of boundary
conditions for a current density and an electric field taking
into account the relation between widths and thicknesses
of composite elements is supposed. This type of boundary
conditions allows represent a physical picture of a current
distribution and the resistive properties of a two-layer
conductor in terms of Hall current and current skinning near
the interface. The validity of this approach is followed from
convergence of a received expression to a reasonable view
of a resistance at a limit transition on geometric
parameters. When the thicknesses of plates are much
higher of widths the reversal resistance of a system
consisting of two materials trends to sum of reversal
diagonal components of their resistivity tensors. When the
thicknesses and widths are of the same order the reversal
resistance of a system is determined via diagonal
components of conductivity tensors of materials.

POSTER SESSION
LHC MAIN DIPOLE MAGNETS

13:30 - 15:30

MOAO06PO001

Stability of the horizontal curvature of the LHC cryo-
dipoles during cold tests

E. Fernandez Cano, F. Seyvet, J. Garcia Perez, A. Tovar-
Gonzalez, A. Poncet, CERN, Accelerator Technology
Department;, B. Jeanneret, CERN, Accelerators & Beams
Department.

The LHC will be composed of 1232 horizontally curved, 15
meter long, superconducting dipole magnets cooled at 1.9
K. They are supported within their vacuum vessel by three
Glass Fiber Reinforced Epoxy (GFRE) support posts. Each
cryo-dipole is individually cold tested at CERN before
installation and interconnection in the LHC 27 km-
circumference tunnel. As the magnet geometry under
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cryogenic operation is extremely important for the LHC
machine aperture, a new method has been developed at
CERN in order to monitor the magnet curvature change
between warm and cold states. It enabled to conclude that
there is no permanent horizontal curvature change of the
LHC dipole magnet between warm and cold states,
although a systematic horizontal transient deformation
during cool-down was detected. This deformation
generates loads in the dipole supporting system; further
investigation permitted to infer this behavior to the
asymmetric thermal contraction of the magnet thermal
shield during cool-down. Controlling the Helium flow rate in
the thermal shield of the cryo-magnet enabled to reduce
the maximal deformation by a factor of approximately two,
thus increasing significantly the mechanical safety margin
of the supporting system during the CERN cold tests. This
paper describes the new measurement method, equipment
and set-up, and presents the experimental data and
corresponding analysis, along with recommendations and
conclusions.

MOAO6P002

Long term stability of the LHC superconducting
dipoles in their cryostats

F. Seyvet, G.A. Izquierdo, A. Bertarelli, M. Buzio, O. Denis,
P. El-Kallassi, E.D. Fernandez Cano, P. Fessia, S.D. llie,
D. Letant, A. Poncet, P. Pugnat, S. Sgobba, A. Siemko, E.
Todesco, D. Tommasini, B. Vullierme, E. Wildner, CERN.
The main superconducting dipoles for the LHC are being
stored outdoors for periods from few weeks to several
years after conditioning with dry nitrogen gas. Such a
storage before installation in the 27 km circumference
tunnel may affect not only the mechanical and cryogenic
functionality of the cryodipoles but also their quench and
field performance. A dedicated task force was established
to study all aspects of long term behaviour of the stored
cryodipoles, with particular emphasis on electrical and
vacuum integrity, quench training behaviour, magnetic field
quality, performance of the thermal insulation, mechanical
stability of magnet shape and of the interface between cold
mass and cryostat, degradation of materials and welds. In
particular, two specifically selected cryodipoles stored
outdoor for more than one year, were re-tested at cold. In
addition, various tests have been carried out on the
cryodipole assembly and on the most critical
subcomponents to study aspects such as the hygrothermal
behaviour of the supporting system and the possible
oxidation of the Multi Layer Insulation reflective films. This
paper summarizes the main investigations carried out and
their results.

MOAO6PO03

Impact of the First Powering
Superconducting Dipole Coil Geometry
M. Calvi, L. Bottura, S. Sanfilippo, E. Todesco, CERN.

The first powering of the LHC superconducting dipoles
induces small changes of the coil geometry. Dedicated
magnetic measurements have been performed to estimate
the changes in the geometric component of the harmonics,
caused by the last highest Lorentz force the coil has ever
experienced. Several magnets have been powered at
increasing current steps while the field quality has been
measured to quantify the changes in geometry. The effect
of thermal cycles has been also considered as well as the
systematic differences between warm measurements
before and after the training. The reconstruction of the coil
geometry variations is discussed in terms of continuous
modes of deformation as well as single block
displacements.

on the LHC



MOAO6PO04

LHC Superconducting Dipoles Production Follow-up:
Results of Audit on QA aspects in industry

M. Modena, M. Bajko, M. Cornelis, D. Tommasini, P.
Fessia, J. Miles, G. De Rijk, F. Savary, S. Sgobba, J.
Vlogaert, C. Voellinger, E. Wildner, CERN.

The manufacturing of the 1232 Superconducting Main
Dipoles for LHC is under way at three European Industries
Alstom/Jeumont Consortium, Ansaldo Superconduttori
Genova (ASG) and Babcock, Noell Nuclear (BNN). The
manufacturing is proceeding in a very satisfactory way and
in March 2005 we passed the mid production. To intercept
eventually “weak points” of the production process still
present and in order to make a check of the Quality
Assurance and Control in place for the series production,
an Audit action was launched by CERN during summer-fall
2004. Aspects like: completion of Production and QA
documentation, structure of QC Teams, traceability,
calibration and maintenance for tooling, incoming
components inspections, were checked during a total of
seven visits at the five different production sites. The
results of the Audit in terms of analysis of “systematic” and
‘random” problems encountered as well as corrective
actions requested are presented.

MOAO6PO05

A correlation study between geometry of collared coils
and normal quadrupole multipole in the main LHC
dipoles

F. Bertinelli, S. Berthollon-Vitte, D. Glaude, I. Vanenkov,
CERN; E. Boter-Rebollo, CELLS.

The quality control implemented at all LHC dipole
manufacturers includes precise mechanical measurements
of the geometry of collared coils. A cross-analysis
performed between mechanical and magnetic
measurements data shows a correlation between collared
coils outer dimensions and the normal quadrupole
multipole (b2) for one dipole manufacturer. The profile
geometry of the single collars - as determined from 3D
measurements at the collar suppliers and CERN - could
not account alone for the significant left — right aperture
asymmetry observed. This triggered a deeper investigation
on different elements of the geometry of single collars. The
results of this work show that the relative positioning of the
collaring holes, allowing a small bending deformation of
collars under the effect of coil pre-stress, is an important
effect which generates a b2 multipole at the limit of
specification. The study has deepened the understanding
of the factors affecting collared coil geometry and field
quality. The precision of 3D measurements at the collar
suppliers and at CERN has been improved, and a tighter
quality control has been introduced at the collar suppliers.

MOAO6PO06

Dependence of magnetic field quality on collar
manufacturing and dimensions in the main LHC
dipoles

B. Bellesia, F. Bertinelli, E. Boter-Rebollo, L. Rossi, C.
Santoni, E. Todesco, CERN.

In order to keep the electro-magnetic forces and to
minimize conductor movements, the superconducting coils
of the main Large Hadron Collider dipoles are held in place
by means of austenitic stainless steel collars. Two
manufacturers provide the collars necessary for the whole
LHC production, which has reached now more than 700
collared coils. In this paper we first assess if the different
collar manufacturers origin a noticeable difference on the
magnetic field quality measured at room temperature. We
then analyze the measurements of the collar dimensions
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carried out at the manufacturers, comparing them to the
geometrical tolerances. Finally we use a magneto-static
model to evaluate the expected spread in the field
components induced by the actual collar dimensions.
These spreads are compared to the magnetic
measurements at room temperature over the magnet
production in order to identify if the collars, rather than
other components or assembly process, can account for
the measured magnetic field effects.

MOAO06PO07

Electrical integrity tests during production of the LHC
main dipoles

G. de Rijk, M. Bajko, M. Cornelis, P. Fessia, J. Miles, M.
Modena, G. Molinari, F. Savary, J. Viogaert, CERN.

For the LHC dipoles, mandatory electrical integrity tests are
performed to qualify the cold mass at four production
stages: individual pole, collared coil, cold mass before end
cover welding and final cold mass. A description of the
measurement equipment and its recent development are
presented. After passing the demands set out in the
specification, the results of the tests are transmitted to
CERN where they are further analysed. The paper
presents the most important results of these
measurements. We also report a review of the electrical
non-conformities encountered e.g. inter-turn shorts and
quench heater failure, their diagnostic and the cures.

MOA0O6PO08

Identification of assembly faults through the detection
of magnetic field anomalies in the production of the
LHC dipoles

C. Vollinger, E. Todesco, CERN.

Magnetic measurements at room temperature have been
used to monitor the production of the superconducting coils
of the Large Hadron Collider main dipoles. They have
made it possible to identify several assembly errors, e.g.
cases of bad gluing of the coil layers, bad conductor
positioning, missing pole shims and other problems related
to faulty procedures. This paper reviews the experience
accumulated so far considering almost 1000 dipoles. After
a short outline of the method used to pin out field
anomalies and deduce realistic deformation of the coil, an
exhaustive list of the cases met during the production is
given. A discussion follows on the findings after decollaring
as compared to the predictions, including the still open
cases.

MOAO6PO09

Short circuit localization in the LHC main dipole with
room temperature magnetic field measurements

B. Bellesia, E. Todesco, G. Molinari, CERN; C. Santoni,
University of Clermont Ferrnad.

During the production of the LHC main dipole few cases of
short circuits have been found, some of them detectable
only under the collaring press. In this paper we present a
method based on the analysis of magnetic measurement at
room temperature which has allowed finding the position of
the defect, repairing it, and reusing the coils. The presence
of a short circuit strongly perturbs the magnetic field. The
observed field pattern is compared to a library of standard
perturbations that could arise from short circuits between
turns and layers. The longitudianl sampling of the magnetic
field allows identifying the position of the short circuit to
within the length of the magnetic field measuring mole. The
result of this localization procedure is presented and
correlation with extensive electric investigations and
actions to cure the short circuits are discussed.



MOAO6PO10

Control of the LHC dipole cold mass geometry at
CERN to optimize LHC performance.

E. Wildner, M. Bajko, J. Beauquis, R. Chamizo, D.
Tommasini, M. La China, CERN.

The detailed shape of the 15 m long superconducting LHC
dipole cold mass is of high importance as it determines
three key parameters: the beam aperture, nominally of the
order of 10 beam sigmas; the connectivity of the beam and
technical lines between magnets; the transverse position of
non-linear correctors mounted on the dipole ends. An offset
of the latter produces unwanted beam dynamics
perturbations. The tolerances are in the order of mm over
the length of the magnet. The natural flexibility of the dipole
and its mechanical structure allow deformations during
handling and transportation which exceed the tolerances.
This paper presents the observed deformations of the
geometry of the geometry during handling and various
operations and CERN, deformations which are interpreted
thanks to a simple mechanical model. These observations
have led to a strategy of dipole geometry control at CERN,
based on adjustment of the position of its central support
(the dipole is supported at three positions, horizontally and
vertically) to recover individually or statistically their original
shape as manufactured. Its implementation is discussed,
with the goal of finding a compromise between conflicting
requirements: quality of the dipole geometry, available
resources for eventual corrective actions and magnet
installation strategy whereby the geometry tolerances
depend on the final magnet position in the machine.

MOAO6PO11

Coil size variations in LHC superconducting main
dipoles and their possible influence on the quench
training behaviour

P. Pugnat, P. Fessia, I. Vanenkov, CERN.

The Large Hadron Collider (LHC) under construction at
CERN will contain 1232 twin type superconducting dipole
magnets build with very tight mechanical tolerances. The
main part of these magnets is the coil wound with copper
stabilized NbTi Rutherford type cables and surrounded by
austenitic steel collars with dimensional tolerances of +0.02
mm. The mechanical dimensions and properties of coil and
collars are key parameters for the field quality and quench
performance of these superconducting magnets. The
collared coil sizes are carefully monitored in the three
factories where dipoles are manufactured. Due to the high
pre-compression stresses applied to the coils during the
collaring process (up to 150 MPa), the coil geometry and
the final pre-stress may be affected by some collar
deformations mainly due to the statistical fluctuation of the
coil sizes and of the collar dimensions. In this paper, the
statistical analysis of coil sizes and collared coil dimensions
will be presented and the importance of these parameters
on the quench performance measured will be evaluated.

POSTER SESSION 13:30 - 15:30
MISCELLANEOUS ACCELERATOR MAGNETS
(1)

MOAO7PO01

Conceptual design of cryostat for the superconducting
CR dipole magnet

Q. Wang, B. Zhao, Institute of Electrical Engineering, CAS;
G. Moritz, GSI

The CR superconducting magnet is fixed field devices with
field in beam-line from 0.1-1.6 Tesla. Actually, since the
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magnet with relative large size and constant field to fill with
beam, it is the large apertures that dictate the magnetic
field strengths because high-field generates large forces
associated with conductor being far from the beam. This
forces one to use magnets that have iron to shape the field.
On the other hands, the shape for superconducting coils
determines the fabrication technology and operating
environment. The magnet is assumed to be straight. That
is why the good field area should be wider by
approximately +35 mm than the useable horizontal
aperture, given in requirements to the CR dipole magnet.
The evacuated CR cryostat with the attendant thermal
shield provides the necessary cryogenics environment for
operation of the superconducting CR dipole magnet. It
consist of a liquid helium vessel and liquid helium reservoir,
a thermal radiation shield cooled by liquid nitrogen, a
vacuum vessel. Both liquid helium vessel and liquid helium
reservoir are surrounded by thermal radiation shield and
installed into vacuum vessel. The CR coil is immersed in
the liquid helium. Upper service port for measurement, LHe
filing tube etc. total weight of CR cryostat including CR
coils are about 1260kg. This paper describes conceptual
design for this cryostat.

MOAO7P002

Magnets Manufacture for CSR

B. Zhang, P. Yuan, Y. Zhang, L. Ma, Y. He, Institute of
Modern Physics, CAS.

As a multipurpose Cooling Storage Ring (CSR) system in
China,CSR project consists of CSRm(main ring) and
CSRe(experimental ring). There are 16 H-type dipoles for
CSRm and 16 C-type dipoles for CSRe. Also, there are 30
@ 170mm and 22 @240mm quadrupoles. All of these
magnets are laminated by 0.5mm thickness high induction
cold rolled non-oriented electrical steel laminations. The
whole process of the manufacture and the analysis of the
various tolerances will be described in detail in this paper.

MOAO7PO03

Development of a prototype superconducting magnet
for the FFAG accelerator

T. Obana, The Graduate University for Advanced Studies;
T. Ogitsu, T. Nakamoto, K. Sasaki, A. Yamamoto, M.
Yashimoto, Y. Mori, KEK; T. Orikasa, TOSHIBA.

A superconducting magnet for the Fixed Field Alternating
Gradient (FFAG) accelerator is proposed. The FFAG
accelerator requires static magnetic field, and it is suitable
for the superconducting magnet application, because
problems associated with time varying magnetic field such
as eddy current loss can be eliminated. The
superconducting magnet, which can generate high
magnetic field, is possible to realize a higher beam energy
with a given accelerator size or the size to be smaller for a
given beam energy. The FFAG accelerator magnet is
required to have a non linear magnetic field that increases
with k-th power of the orbit radius, where k is the field index
in the accelerator. The coil end influences the magnetic
field distribution because the ratio of the physical length of
the coil end to that of the straight section is relatively large.
The coil design was therefore evaluated by means of the
integral magnetic field along a particle trajectory. By using
a particle tracking code, we verified that the particle
trajectory is stable in the accelerator with the magnetic field
generated by the designed coil. The designed coil is going
to be built as a prototype coil, which will be wound in terms
of the developed winding machine that a superconducting
wire of about 1mm in the diameter can be directly adhered
to an insulated mandrel. The design study for the magnet
and the magnetic field performance of the prototype coil



will be presented. The design study for the magnet and the
magnetic field performance of the prototype coil will be
presented.

MOAO7PO04

Magnets for the PETRA-III Project

E. Bondarchuk, N. Doinikov, V. Ivkin, B. Kitaev, V. Kuligin,
V. Muratov, V. Peregud, B. Krause, A. Petrov, K. Sinram,
D.V.Efremov Institute (NIIEFA).

The work has been carried out at the Efremov Institute
according to the new PETRA-IIl machine optic. Normal-
conductivity magnets (Quadrupole, Dipole and corrector
magnets) for the PETRA-IIl Project were designed and
calculated. Prototypes were built and magnetic
measurements were carried out. Two precision quadrupole
magnets of “eight” type with the lengths 0.44 m, 0.72 m
were developed. Their gradient must be G=22.8 T/m and
their apertures are 2ao=70 mm were. The tolerances for
the integral gradient and the integral field nonlinearity in the
reference radius zone ro<25 mm should be 0.001 and
0.0005, respectively. The deflecting magnets for the
PETRA-IIl Project have H-shaped magnetic yoke with the
length 1 m. In the good field region (GFR) area 60x36
mm**2 a magnetic field of Bo=0.873 T with the possibility
of reaching Bmax = 1 T must be obtained. Within the GFR
limits, the integral field nonlinearity should not exceed the
value 0.0005, which is ensured by profiling the poles
(longitudinal chamfers, slants and shims). Correction of the
electron beam in the vertical direction will be done with a
special dipole which has a horizontal magnetic field of
Bx=0.062 T, its aperture is 112 x 50 mm**2 and its total
length, including the coil end parts, should not exceed
L=200 mm. The authors have designed two versions of
such magnet, one with air-cooling and one with water-
cooling. Results of the magnetic measurements will be
shown and be compared with the simulation.

MOAO7POO05
Design, Construction and Measurements of
Quadrupoles and Sextupoles for the SOLEIL Storage

Ring

C. Benabderrahmane, F. Marteau, A. Dael, A. Madur, P.
Brunelle, M. Soucaze, L. Bouillie, Synchrotron SOLEIL.
SOLEIL is the French third generation Synchrotron
radiation Source. The energy of the machine is 2.75 GeV
and it consists in a 354 m circumference electron storage
ring, with 16 cells and 24 straight sections. The lattice is
designed for a good dynamic acceptance even for large
deviation (up to 6%) and requires very small multipolar
components. All the magnets have been computed with 3D
model on TOSCA code and the industrial production is
finished. The paper describes the 160 quadrupole and 120
sextupole magnets.Full 3D magnetic computation has
permitted to predict harmonic content. The page describes
the construction technology, the measurement techniques
especially for the absolute locating of the magnetic centre
both for quadrupoles and sextupoles.

MOAO7POO06

Variable Permanent Magnet Quadrupole

Y. Iwashita, T. Mihara, Kyoto University; M. Kumada,
NIRS; C. Spencer, SLAC.

A compact, variable, superstrong permanent magnet quad
(PMQ) has been fabricated and tested. The PMQ has inner
and outer rings of NEOMAX and Vanadium Permendur
poletips; the outer ring is subdivided along its length into 4
sections of various lengths and each section can rotate. By
rotating different lengths from a zero position through 90
degrees one can vary the integrated strength in small
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steps. Because of the fixed inner ring and tight fabrication
mechanical tolerances, the sensitivities of the magnetic
center and quadrupole angles to errors in the rotation of
the outer rings are largely suppressed. The observed small
center (5-20 microns) and angle shifts were further reduced
by adjustments to the stopping angles of the rotating rings
and by shimming these rings. Measurements of multipole
components at different strengths show little variation.
Temperature compensation has been included. The design
details and precise measurements of the PMQ will be
presented.

MOAO7PO07

Improvements in Mechanical Stability of Open-type
Quadrupole Magnets with Peak Excitation for a 2.5 GeV
SRS

K. Sreeramulu, V.K. Jain, K. Ruwali, M.G. Karmarkar,
Gouvt. of India, CAT.

The open type Quadrupole magnets (16 T/m) for Indus-2
are made in C-configuration in which both of outer vertical
sections of the steel are removed to take out the emerging
synchrotron radiation beam lines, in the region immediately
adjacent to main dipole magnets. This induces engineering
complexity relating to mechanical stability that critically
controls the deviations in field quality and magnetic centre.
The magnet structure was initially designed by assuming
the deflection of the poles near open end will be within 50
microns. However, after fabrication of prototype magnet, it
was experimentally observed that the field quality and
magnetic centre are changing drastically with excitation.
Hence, there was a need to further reinforcement of the
magnet structure for minimizing its deformation with
excitation. We optimized the magnet structure
reinforcement, without obstructing the emerging beam
lines, for minimizing its deformation by simulation, using
ANSYS. The measurement of deformation with excitations
is done before and after reinforcement. The deformation in
the optimized magnet structure is reduced to within 20
microns, when excited to maximum operating current.
These results are consistence with simulation. Magnetic
centre shift with excitations is observed within 15 microns.
Higher order multipoles are low and their strength is not
changing with excitations. The optimized mechanical
structure is implemented in series production of open-type
Quadrupole magnets.

MOAO7POO0S8

Importance of Coil position in SRS Dipole Magnet at
higher field

S. Das, A. Valecha, R. Mishra, M. Karmarkar, Govt. of
India, CAT.

Indus-2, a 2.5 GeV synchrotron light source is under
construction at CAT, Indore, India. The Dipole Magnet of
Indus-2 is designed for a maximum field of 1.5 T at the pole
gap. The field quality in the good field region and the
“magnet-to-magnet” variation in the field strength have an
impact on the performance of the machine. For Indus-2
Dipole Magnets, field uniformity is observed in the rage of
8-10 x 10-4 at 2.5GeV. The relative variation in the field
strength observed in most of the magnets (12 magnets out
of total 16) is within +/- 1 x 10-3 from 0.27 T to 1.2 T field at
the pole gap. Beyond 1.2 T “magnet-to-magnet” strength
variations for few magnets deviate with excitation currents
and the range of variations increases to +/- 3 x 10-3. It is
well known that at the higher fields near core saturation,
strength variation is caused by the variation in the magnetic
property of the core laminations. The results of the Magnet
simulation shows that the vertical position of the coils can
play a major role in minimizing the magnet-to-magnet



variation in such high field zone. Experiment done on the
reference Dipole Magnet also shows that a significant field
variation could be achieved by changing the vertical
position of the coils at the higher field level whereas it has
little impact in the low excitation as predicted. In this paper
we present the role of coil position to compensate the
strength variations related to the magnetic property of the
core material at higher field.

MOAO7PO09

Testing and Magnetic Measurements of the SOLEIL
Booster Quadrupole Magnets

S.M. Gurov, B. Sukhina, BINP; T. Bouillie, A. Dael, A.
Loulergue, SOLEIL.

The BINP has produced 52 quadrupole magnets for
SOLEIL Booster. The results of testing and magnetic
measurements are presented.

MOAO7PO10
Eddy current
magnets

M. Negrazus, D. George, PSI Paul-Scherrer-Institute.

At the Paul-Scherrer-Institue (PSl/Switzerland) a new
proton gantry for cancer treatment is planned. A fast 3
dimensional scanning technique of the tumour volume is
part of the medical highlights of this new gantry. The gantry
will be driven by the new COMET proton cyclotron, which
will deliver a cw proton beam. The energy of this beam will
be adjusted by a fast degrader device. All beam line
magnets should follow the energy changes of the degrader
as fast as possible to reduce the time of the cancer
treatment. Therefore the eddy current effects in the
laminated bending magnets of the beam line and the
gantry had to be reduced by an appropriate magnet design.
The poster shows measurements and numerical
simulations of the dynamic behaviour of the fast switched
bending magnets and design schemes for eddy current
reduction in the bending magnets.

reduction in fast ramped bending

MOAO7PO11

Eddy Current Effect in NiFe laminations on Pulsed
Septum Magnet Response of Indus-22

R.S. Schinde, P. Pareek, R.R. Yadav, V. Gaud, R.K.
Mishra, S. Kotaiah, Head Ferrite Lab., MDL, CAT.

A thin & thick active type Pulsed Septum Magnets has
been developed for 700 MeV e beam injection into 2.5 GeV
Storage Ring(2.5 GeV).A magnet yoke is made of 0.1 mm
thick Ni-Fe laminations.Since the current flux lines close on
it,the eddy current circulates confined within a
lamination.This result in change in impedance due to
incomplete cancellation of magnetic field. NiFe laminations
(36%Ni+ bal Fe),Indian make have been oxidized so the
pulse will penetrate into laminations at all during the
pulse.A test bench has been built to measure pulse
response of lamination at microsecond half sine
wave.Magnetic simulation of septum magnets were
performed using Flux 2D transient Software.A Septum
magnets were excited by 50 microsecond half sine wave.A
pulsed magnetic field of 1T & 0.5T for Thick & Thin Septm
magnets were obtained.A Pulse field homogeneity in the
order of 100 PPM & Integrated stray field 0.7 G-m has
been obtained,which is less than allowed 2 G-m value.An
excellent field stability on top 100 PPM has been observed.
Measured response of the magnet are well satisfied with
the design requirements.Our Measurement indicate no
influence of the septum leakage field on the closed orbit of
beam. This paper presents Eddy current effect in
laminations on pulse magnetic field at working pulse
frequency,,modeling of septum magnet, shield designs,
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fabrication techniques, distribution of stray field outside of
septum & pulse magnetic field homogenity in gap of
Septum magnets.

MOAO7PO12

Fabrication and Testing of a Combined
Superconducting Magnet for the TESLA Test Facility

F. Toral, P. Abramian, J.L. Gutierrez, E. Rodriguez, S.
Sanz, C. Vazquez, CIEMAT; L. Garcia-Tabares, J. Calero,
CEDEX; H. Brueck, W. Maschmann, DESY.

An international collaboration at DESY is currently studying
the possibilities of a new type of particle accelerator: the
superconducting linear collider, developed under the
project name TESLA. The TESLA Test Facility is trying to
establish a well-developed collider design, which will also
be helpful for the design of a superconducting X-Ray Free
Electron Laser facility, a project approved by the German
Government and now in its initial stage. This paper is about
the fabrication and testing of the first prototype of a
combined superconducting magnet for focusing and
steering purposes, in the framework of the Spanish
contribution to TESLA project. It consists of a quadrupole
and two dipole concentric coils, one horizontal and another
one, vertical. The double pancake winding technique with a
ribbon of eight pre-glued wires has been used in order to
develop a cheap method for industrial scale, as the
accelerator would need about 800 magnets. The coils were
fully instrumented with voltage taps to study the quench
starting location. The magnet has been successfully tested
at DESY and the results are presented in this paper.

POSTER SESSION
MAGNET MEASUREMENTS

13:30 - 15:30

MOAO8POO1

A Rotating Coil Apparatus with Sub-Micron Magnetic
Center Measurement Stability

C. Spencer, S.D. Anderson, D. Jensen, Z. Wolf, SLAC.

A rotating double coil apparatus has been designed and
built so that the relative magnetic center change of a
quadrupole is measured to an uncertainty smaller than
0.02 micron for a single measurement. Furthermore,
repeated measurements over about an hour vary by less
than 0.1 micron and by less than 1 micron for periods of 24
hrs or longer. Correlation analyses of long data runs show
that the magnet center measurement is sensitive to
mechanical effects, such as vibration and rotating part
wear, as well as to environmental effects, such as
temperature and relative humidity. Evolving apparatus
design has minimized mechanical noise and environmental
isolation has reduced the effects of the surrounding
environment so that sub-micron level measurement
uncertainties and micron level stability have been achieved
for multi-day measurement periods. Apparatus design
evolution will be described in detail and correlation data
taken on water-cooled electromagnet and adjustable
permanent quadrupoles, which are about 350 mm in
length, will be shown. These quads were prototypes for the
linac quads of the Next Linear Collider (NLC) that had to
meet the requirement that their magnetic centers change
less than 1 micron during a 20% change in field strength.
Thus it was necessary to develop an apparatus that could
track the magnetic center with a fraction of a micron
uncertainty.



MOAO8POO02

Alignment and warm measurements of the J-PARC
combined function magnets

T. Tomaru, K-I. Sasaki, T. Nakamoto, T. Ogitsu, Y. Ajima,
N. Higashi, N. Kimura, K-I. Tanaka, A. Terashima, A.
Yamamoto, KEK.

Superconducting combined function magnets (SCFMs) are
under development for a neutrino beam line in Japan
Proton Accelerator Research Complex (J-PARC), which is
used to bring high intensity neutrino beam to the Super
Kamiokande for neutrino oscillation experiment. The
SCFMs provide a dipole magnetic field of 2.6 T and a
quadrupole field of 19 T/m in a single coil. Therefore, high
accuracy (< |0.3mml|) of the SCFM alignment is required to
keep designed magnetic field. We have measured the
dimensional distortion in alignment work of a prototype
SCFM by using a laser tracker and a laser line marker, and
confirmed that the distortion is within 0.3mm. This distortion
was not induced by gravity but came from its internal stress
most likely due to the outer shell welding. In next step, we
are planning to measure the magnetic field of the SCFM
with monitoring position of the sensor in warm condition.
The magnetic field will be measured by a rotating coil, and
position of the rotating coil will be measured by optical
method, which consists of a laser, corner cube prism and
position sensitive detector. In this paper, we will report the
alignment work and warm measurement of the prototype
SCFM with focusing on the optical and magnetic field
measurement.

MOAO8SPOO03

The Beam-Handling Magnet System for the J-PARC
Neutrino Beam Line

E. Hirose, K. Tanaka, H. Takahashi, H. Noumi, M.
Takasaki, Y. Suzuki, Y. Kato, M. leiri, Y. Yamanoi, M.
Minakawa, KEK.

The long baseline neutrino oscillation experiment using the
J-PARC’s 50GeV-0.75 MW proton beam is now under way.
The primary proton beam line consists of three parts, i.e.
the first preparation (PP) section with normal conducting
magnets, the second arc (ARC) section with
superconducting magnets and the third final focus (FF)
section with normal conducting magnets. In the PP section,
we have to clean the primary proton beam extracted from
the 50 GeV-PS and transport halo-less pure beam only to
the ARC section. In the FF section the magnets have to be
placed very close to the pion production target and horns.
Then one can understand that the normal conducting
magnets have to work in the very high radioactive
environment. The R&D works on the radiation resistant
magnets for handling a high-intensity proton beam have
already been continued at KEK as reported in MT18.
Another important point regarding high-intensity beam
handling is to realize easy maintenance of the beam line.
Any magnet experiencing trouble can be easily removed
from beam line and repaired remotely. For this purpose, we
developed the new tools for the magnet maintenance.
These are automatic sling apparatus, quick alignment and
installation guide, and the quick disconnect devices of
cooling water and electric power. In the MT19, we will
report the beam line maintenance scheme developed for
the neutrino beam line, as well as the design of normal
conducting magnet sections.

MOAO8SPOO0O4

Magnet Operation in Vacuum for High Radiation
Environment near Production Target

H. Takahashi, K. Tanaka, Y. Yamanoi, H. Noumi, E.
Hirose, M. Minakawa, Y. Suzuki, M. Takasaki, Y. Sato, Y.
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Katoh, Institute of Particle and Nuclear Studies, KEK.

In a high-intensity proton beam facility, beam line elements
downstream a production target are exposed to huge
amount of radiation and heat. A water-cooled beam
collimator must be located between the target and the
magnets, and their yokes also have to be cooled by water.
Beam ducts, however, are closer to beam than the magnet
poles, and more difficult to cool sufficiently without Tritium
production. Therefore, the magnets are placed in a large
vacuum chamber, instead vacuum ducts located within the
pole gaps. In order to reduce the residual radiation dose
during the maintenance, the chamber lid and feedthroughs
are 4-meter above the beam line, and radiation-shielding
blocks are also inside the chamber. We have tested the
magnet operation in vacuum using a dipole magnet with
mineral-insulation-cable (MIC) coils and a nickel-plated
yoke. The magnets has worked successfully up to the
current of 3000A. The magnetic field has been measured
with @ NMR probe and a Hole element. The difference
between the field strength by the atmospheric operation
and that by the vacuum operation was less than 0.1%. We
have also developed a radiation-resistant quick-disconnect
system of the feedthroughs on the chamber lid for ease of
maintenance.

MOAOSPOO5

Design of thick septa based on 3D magnetic field
calculation for 3 GeV rapid cycle synchrotron of J-
PARC

M. Watanabe, Y. lIrie, J. Kamiya, T. Shimada, T.
Takayanagi, JAERI; H. Fujimori, S. Igarashi, T. Kawakubo,
KEK.

Thick septa are used in the injection and extraction section
of the 3 GeV rapid cycle synchrotron of the J-PARC. We
have been designing seven thick septum magnets, two for
injection, two for beam dump and three for extraction,
respectively. These septa are required large aperture for
low losses of high intensity beam and they work by direct
current for the mechanical stability. The yoke is made of
the soft-iron block. We have been designing them by using
the three-dimensional magnet static field calculation code,
TOSCA. In this presentation, we discuss about magnetic
field flatness in the gap and effects of the leakage fields in
the synchrotron. Moreover, we discuss about the design of
the septum magnets based on the calculation.

MOAO8POO06

Magnetic field measurements, 3D field calculation and
heat measurements of a prototype thick septum
magnet for 3 GeV rapid cycle synchrotron of J-PARC
M. Watanabe, Y. lIrie, J. Kamiya, T. Shimada, T.
Takayanagi, H. Suzuki, Y. Watanabe, JAERI; T.
Kawakubo, KEK.

Septum magnets used in the injection and extraction
section of the 3 GeV rapid cycle synchrotron of the J-PARC
require large aperture for low losses of high intensity beam,
protection against the high radiation and the high durability
to avoid the maintenance after the high activation.
Therefore the septum magnets have been designed to
work by DC for the mechanical stability. And it works
outside the vacuum to avoid a trouble due to the leakage of
cooling water in the vacuum system. A prototype septum
magnet was constructed. Magnetic fields in the gap of the
core and leakage field outside of the magnetic shield were
measured by a Hall device probe. The experimental results
were compared with the 3D calculation by TOSCA. The
measurements of the magnetic field in the gap agree well
with a simple 3D model. On the other hand, leakage field of
the measurements is larger than the one of the model.



After we made a more detailed model, it cleared that bolt
holes which fasten a return yoke make effective sectional
area and permeability small at the return yoke and
therefore leakage field is larger. Because the thickness of
the return yoke is not sufficient, magnetic flux density
approaches saturation easily. Moreover, we discuss about
the results of heat measurements of the magnet and
efficiency of water cooling.

MOAOSPOO7

Design of the injection bump system of the 3-GeV RCS
in J-PARC

T. Takayanagi, Y. Yamazaki, Y. Irie, T. Shimada, J.
Kamiya, M. Watanabe, JAERI; S. Izumi, T. Kawakubo,
KEK.

The injection bump system of the 3-GeV RCS in J-PARC
consists of the pulse bending magnets for the injection
bump orbit, which are four horizontal bending magnets
(shift bump), four horizontal painting magnets (h-paint
bump), and two vertical painting magnets (v-paint bump).
The shift bump magnets, which are connected in series in
order to form a shift bump orbit, are not possible to adjust
the magnetic field intensity individually. Therefore, the gap
of the shift bump magnets has been adjusted to achieve a
uniformed field of BL with less than 1.0 % in series
connection of the four sets. The injection bump system
needs the power supplies with the performance of high
speed flexible current pattern. Furthermore, the tracking
error is required less than 1.0 % for 1.0 microsecond pulse
current. The power supplies with the IGBT chopper units,
which are controlled by the switching frequency over 100
kHz, realize its performance.

MOAO8SPOOS8

Magnetic field measurement of the kicker magnet in J-
PARC RCS

J. Kamiya, T. Takayanagi, T. Ueno, JAERI/J-PARC; E.
Nakamura, T. Kawakubo, S. Murasugi, K. Takata, H.
Tazawa, KEK/J-PARC.

The kicker magnets are installed in the extraction section in
the Rapid Cycling Synchrotron (RCS) of J-PARC and their
pulsed magnetic fields extract the proton beams
accelerated up to 3GeV. The magnetic fields of the kicker
magnets have to meet three major requirements: a fast rise
time, a time stable flat-top, and a uniform distribution. The
magnetic field measurements were performed with a long-
search coil and a short-search coil. These coils were
devised to reduce the electric noise by using the matching
register. The rise time of the magnetic field is determined
by the switching speed of the thyratron and the delay time
in the magnet. Our magnet accomplished the faster rise
time than the interval between the beam bunches. The flat-
top shape depends on the matching of the characteristic
impedance between the power supply and the magnet.
Therefore the simulation with the equivalent circuit was
performed to identify the mismatching point. The
distributions of the magnetic field were also measured. The
wide aperture of our kicker magnet makes the uniform
distribution of the magnetic field more difficult. Therefore
we change the shape of the coil systematically and
improve the uniformity of the distribution.

MOAO08POO09

Setup to Measure the Magnetic Center Behavior of an
ILC Superconducting Quadrupole Prototype

C.M. Spencer, C. Adolphsen, S.D. Anderson, J. Chan, D.
Jensen, R. Rogers, E-J. Thompson, T.B. Weber, J.
Weisend Il, SLAC; F. Toral, CIEMAT.

Withdrawn.
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MOAO8PO10

Design and Fabrication of an RCS Magnet Coil using a
Stranded Conductor of J-PARC 3-GeV Synchrotron

N. Tani, Y. Watanabe, H. Suzuki, J. Kishiro, Japan Atomic
Energy Research Institute; T. Adachi, H. Someya, High
Energy Accelerator Research Organization;, K. Nakamura,
T. Watanabe, Hitachi, Ltd.

The 3-GeV synchrotron now being constructed in the
JAERI/KEK Joint Project (J-PARC) is a rapid-cycling
synchrotron (RCS), which accelerates a high-intensity
proton beam from 400-MeV to 3-GeV at a repetition rate of
25-Hz. Magnet coils of the RCS synchrotron are fabricated
by using a stranded conductor. As a magnet coil, a hollow
conductor that has a cooling water channel is widely used.
However since RCS magnet is excited with a rapid cycle,
heat of coil conductor caused by eddy current becomes a
problem. Therefore, in order to reduce eddy current loss of
coil conductor, we used a stranded conductor that consists
of many electrically-isolated thin wires wrapped around a
cooling water pipe as a coil conductor. This is a conductor
developed at KEK as a coil conductor excited with a rapid
cycle and was further developed to the stage of mass
production. In this paper, we will report design and
fabrication of an RCS magnet coil using a stranded
conductor.

MOAO8PO11

Design of the bending magnets for the beam injection
of the 3-GeV RCS in J-PARC

T. Takayanagi, Y. Yamazaki, Y. Irie, T. Shimada, J.
Kamiya, M. Watanabe, JAERI; S. lzumi, T. Kawakubo,
KEK.

The injection system of the 3-GeV RCS in J-PARC is
composed of four main orbit bump magnets (shift bump) to
merge the injection beam with the circulating beam. The
magnetic field design and the structural analysis of the shift
bump magnets have been performed using 3D magnetic
and mechanical analysis codes. The shift bump has
realized a uniformed field with less than 0.4 % in
homogeneity over a wider aperture (380mm width and
250mm height), and the coil with flexibility has prevented
the destruction by the thermal expansion.

POSTER SESSION
POWER CABLES

13:30 - 15:30

MOAO9POO01

Introduction of Cryogenic System for 75 m three-phase
AC HTS Cables in China

Y. Fan, L. Gong, X. Xu, L. Zhang, L. Li, Technical Institute
of Physics and Chemistry of CAS; L. Xiao, Institute of
Electrical Engineering of CAS.

The 75 m 10.5kV/1.5kA three-phase AC high-temperature
superconducting (HTS) power cable had been installed
which was running in a live power grid in China in 2005.
For cryogenic system, the liquid nitrogen decompression
(LND) method was adopted in the 75 m cable facility, which
is based on two reasons: one is that the LND method is
simple and reliable; the other reason is that we have
accumulated operation experiences from the test of 10 m
cable prototype since 2003. By far, the 75 m HTS power
cable facility with LND cooling method had completed the
commissioning and electrical operation. The total running
time was more than 1000 hours. In this paper we will
mainly present the design and installation of cryogenic
system, and show the result of commissioning and
electrical operation.



MOAO9P002

Analysis of Balanced Three-phase
Distributions in a Tri-axial Cable

T. Hamajima, T. Yagai, M. Tsuda, Tohoku University.

High Temperature Superconducting (HTS) cables have
been studied because of low loss and compactness,
compared with conventional copper cables. Three-phase
cables are wusually composed of three single-phase
concentric cables. Recently, a tri-axial cable, composed of
three concentric phases, has been intensively developed,
because it has advantages such as reduced amount of
HTS tapes, low leakage fields and low heat loss in leak,
compared with the three single-phase cables. However,
there is an inherent imbalance in the three-phase currents
in the tri-axial cable due to the differences in radii of the
three-phase current layers. The imbalance of the currents
causes additional loss and large leakage field in the cable,
and deteriorates the electric power quality. Therefore, it is
important to find out cable construction parameters, such
as winding pitches and radii of the three concentric phase
layers, for the balanced three concentric phase currents in
the tri-axial cable. We analyze the three-phase current
distributions in the tri-axial cable as functions of winding
pitches of three concentric phase layers. On the basis of
the analysis, we propose the balanced three-phase current
distributions in the tri-axial cable.

Current

MOAO9PO03

The Outgassing Test of the HTS Power Cable Cryostat
D-Y. Koh, H-K. Yeom, Korea Institute of Machinery and
Materials; K-S. Lee, Hanyang University.

The reduction of outgassing in High Temperature
Superconducting(HTS) power cable cryostat is very
inportant to achieve a long interval vacuum pumping and to
drop the minimum vacuum level. So, in order to reduce the
outgassing from the cryostat surface, cleaning and baking
are necessary porocess in manufacturing the cryostat. The
outgassing surface of the cable cryostat is bigger than the
vacuum space of the cable cryostat, therefore the vacuum
level of the cable cryostat goes up quickly in small
outgassing rate. In this paper, to analyse the vacuum
characteristics of the HTS power cable cryostat, we have
measured the outgassing rate of the sample HTS power
cable cryostat in various structures of vacuum insulation
(with or without multi layer insulation(MLI), filled or not filled
with LN2) and predicted the trend of the vacuum level
changes in our HTS power cable cryostat.

MOAO9PO04

Robust Optimization of HTS Cable Multilayer
Conductors By Means of PSO and Perturbation
Analysis

S. Wang, J. Qiu, Z. Zhao, Department of Electrical
Engineering, Xi'an Jiaotong University.

Withdrawn.

MOAO9POO05

The Effective Current and Magnetic Field Distributions
for Reducing AC Loss in Coaxial Multi-layer HTS
Transmission Cable

M. Tsuda, T. Fujisawa, T. Hiraoka, N. Harada, T. Yagai, T.
Hamajima, Tohoku University.

We have investigated the relationship between current
distribution and self-field loss of each layer in coaxial multi-
layer HTS transmission cable and clarified that the same
layer current could reduce the self-field loss effectively. In
the cable with the same layer current, however, the
magnetic field in the outer layer is larger than that of the
inner layer and the loss of external AC magnetic field from
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other layers, especially in the outer layer, becomes large.
Therefore, we investigated the effective current and
magnetic field distributions for reducing total AC losses,
defined as the sum of the self-field loss and the loss of
external magnetic field from other layers, in a 5 kA HTS
transmission cable composed of three transport current
layers and two shielding current layers. The loss of external
magnetic field from other layers is much larger than the
self-field loss; this means that the suitable cable
parameters for reducing total AC losses could be
determined by considering the loss of external AC
magnetic field from other layers mainly. The total AC
losses in the cable with the same magnetic field in all
layers are much smaller than those of the same layer
current. Since the same magnetic fields in all layers are
realized by the larger layer current in the outer layer. This
means that such the inhomogeneous current distribution is
more effective on the reduction of the total AC losses than
homogeneous current distribution.

MOAO9PO06

Investigation on the thermal behavior of HTS power
cable against fault current

S. Kim, J-W. Cho, K-D. Sim, J-H. Bae, J. H. Kim, H. J. Kim,
KERI.

During the operation of HTS power cable, large fault
current can be introduced to a HTS power cable due to
several accidents. In this case, a circuit breaker limits the
fault current to protect the HTS cable just as conventional
power cables. However, heat is necessarily generated until
the circuit breaker operates and sever performance
degradation or even burn-out can occur at HTS tapes. To
ensure the safety against the fault current, thermal analysis
should be performed for the HTS tape. Considering the
heat transfer in liquid nitrogen, the temperature and the
resistance of HTS tape are estimated using numerical
analysis assuming plausible fault current. To verify the
analysis results, several experiments are performed with
test samples using AC pulse power supply, which can
simulate the short duration of the fault current. During the
experiment, the increase of temperature and resistance are
measured for the various fault current conditions. Through
the experiments and the analysis, safety margin for the
circuit breaker delay time and the allowable peak current
are suggested. Moreover, the results can be used for the
power system analysis by estimating the increased
resistance, which acts as increased load.

MOAO9PO07

Design and Experimental Results of a 3 Phase 30m
HTS Power Cable

J. Cho, K-D. Sim, J-H. Bae, H-J. Kim, K-C. Seong, J-H.
Kim, KERI; H-M. Jang, C-Y. Lee, LG Cables; D-Y. Ko,
KIMM.

HTS power transmission cables appear to be the
replacement and retrofitting of underground cable in urban
areas and HTS power transmission cable offers a number
of technical and economic merits compared to normal
conductor cable system. A 3phase 22.9kV, 50MVA class
HTS power transmission cable system have been
developed by Korea Electrotechnology Research Institute
(KERI), LG Cable Ltd. and Korea Institute of Machinery
and Materials (KIMM) that is one of 21st century frontier
project in Korea. The 30m long cable with 3 cores in 1
cryostat has been manufactured and installed to conduct
long-term reliability test. The HTS power cable consists of
two layers of phase conductor and two layers of shield
used Ag/Bi-2223 tapes and polypropylene laminated paper
is used in LN2 as electrical insulation. A HTS power cable



has been tested with DC and rated current and voltage in
pressurized liquid nitrogen. The evaluation results clarify
good performance of HTS cable and these results prove
that the HTS power cable has the basic electrical
properties for 22.9kV HTS power cable. This paper
describes the results of developmental the 30m, 3 phase,
22.9kV, 50MVA HTS power cable in Korea.

MOAO9PO08

Influence of External Magnetic Field on Quench
Characteristics of HTS Cable Conductor Transporting
AC Current

S-W. Yim, K. Kishio, Department of Superconductivity,
University of Tokyo; S-H. Lim, Research Center of
Industrial Technology, Chonbuk National University; S-H.
Shon, S-D. Hwang, KEPRI.

If an HTS cable transporting AC current is exposed to
external magnetic field, current distribution among the
strands becomes unequal, and the operation of the cable
could be unstable, leading to the quench. Nevertheless, it
is not easy to detect and analyze the quench phenomenon
in this situation because the current is fluctuating and the
configuration of magnetic field is complicated. In this study,
a prototype of HTS cable conductor with 1 layer of 10
strands Bi-2223/Ag tapes was fabricated and the quench
characteristics considering self and external magnetic field
were investigated. Firstly, 60 Hz AC currents of which the
peak values were up to around twice Ic were applied to a
Bi-2223/Ag tape and the quench voltages were measured.
These data were compared with the detected voltages of
the HTS cable conductor after applying the currents
beyond its critical current. When there were only self field,
the influence of magnetic field was weak enough not to
affect the transporting characteristics. On the other hand, in
case that the external magnetic fields of 50 mT and 100
mT were applied to the cable conductor, the quench
voltages of the strands were changed, due to the
directional dependence on magnetic field. Finally, from the
results, the variation of quench voltages with magnitude of
the applied external magnetic fields was simulated and
analyzed.

MOAO9PO09

The research on the eddy current losses in the
stabilizer and outer-cryostats for the high-Tc
superconducting power cable system

M-K. Song, Vector Fields Korea. Inc.; S-J. Lee, E.E. Dept.
Uiduk University; K-D. Sim, J-W. Cho, KERI.

The structure of high-Tc superconducting power cable
system is composed by these parts; (From the outer
section) liquid nitrogen cryostat, vacuum cryostat, multi-
layer high-Tc superconducting cable core and the stabilizer
which is used as the current bypass during the quench
period. In this paper, the eddy current losses in the
stabilizer and both cryostats during the stable driving
period of the high-Tc superconducting power cable system
are calculated by the numerical method. And the optimal
conditions of the stabilizer and both cryostats to minimize
the eddy current losses are derived from the analyzed
results. The optimal results can be applied to the design
and manufacture of the high-Tc superconducting power
cable system.

MOAO9PO10

The research on the inductance calculations of the
high-Tc superconducting power cable with new
concept

M-K. Song, Vector Fields Korea. Inc.; S-J. Li, E.E. Dept.
Uiduk University; K-D. Sim, J-W. Cho, KERI.

a1

The inductance calculation of a multi layered high-Tc
power cable is very important in order to design a stable
high-Tc Superconducting power cable system. In this
paper, the conventional methods for inductance
calculations by using the go-&-return method and energy
method are verified to be reliable or not in calculating the
inductance of the multi-layered high-Tc superconducting
power cable. And then these methods are compared to the
newly derived inductance calculation method which uses
Neuman’s Formula and the concept of GMD(Geometric
Mean Distance). And, in order to verify the new method,
the inductances which are calculated from Neuman-GMD
method and numerical method are compared using
different twisted-pitch and inner-radius of high-Tc
superconducting cable. In this procedure, the adequate
inductance calculation method can be applied to the design
and manufacture of the high-Tc superconducting power
cable system

MOAO9PO11

3-D FEM Analysis of Effect of Twist Pitch and Shielding
Layer on Multi-layered HTS Power Cable

D. Miyagi, S. Iwata, N. Takahashi, Okayama University; S.
Torii, K. Ueda, CRIEPI; K. Yasuda, Super-GM.

A superconducting power cable is one of the most
promising applications of high-Tc superconductor (HTS).
Controlling the current distribution in each layer of a multi-
layer superconducting cable uniformly is important in order
to realize a compact and large capacity HTS power cable.
The phenomenon of current imbalance should be exactly
investigated by the analysis, because the current
unbalance occur the increase of AC loss. However, the
report of the accurate 3-D analysis of AC loss of a HTS
cable taking account of the E-J characteristic is few. This is
mainly because the number of finite elements increases
greatly in 3-D analysis. In this paper, in order to study the
AC loss of multi-layered HTS power cable, 3-D finite
element analysis taking account of the nonlinear E-J
characteristic is carried out. By modeling such spirally
wound superconducting tapes as conductors having an
anisotropic conductivity and using the periodic boundary
condition, the analysis region is considerably reduced. By
using this model, the effect of the n value and twist pitch on
the current distribution of multi-layered HTS power cable
with shield layers is illustrated and the structure with little
AC loss are discussed.

MOAO9PO12

Design and Fabrication of the Real-time Ac Loss
Measurement System for a HTS Cable

J. Kim, K-D. Sim, J-W. Cho, H-J. Kim, H-J. Kim, K-C.
Seong, J-H. Bae, D-S. Kwang, KERI.

There are many HTS cable project in the world such as
LIPA, Albany, AEP, DAPAS program. For evaluation the
HTS cable, correct AC loss measurement was to be
developed. The hardware and software of the real-time Ac
Loss measurement system were composed of theoretical
design parameter. AC loss measuring system composed
with cancel coil, Lock-in amp, and setp motor controller. AC
loss measurement system is able to evaluate the real-time
and calibrate automatically. Voltage and current data was
analyzed and the measuring system was controlled by
automatically. Real-time and automatic estimation is
possible in ac superconducting power cable.



MOAO9PO13

Electrical Characteristics
Termination of HTS Cable
D-S. Kwag, H-G. Cheon, J. Lee, S-H. Kim, Gyeonsang
National University; H-J. Kim, J-W. Cho, KERI.

As a energy demands increase and environmental
concerns heighten, an underground high temperature
superconducting (HTS) cable will provide the necessary

of Insulators for a

alternative to meet power supply needs; Within
conventional cable technology, the terminations are
important components. A research on several

characteristics such as volume breakdown and surface
discharge of insulators for a termination of power
transmission class HTS cable was performed. In this
paper, we investigated the surface discharge of glass fibre
reinforced plastic under air, cryogenic nitrogen gas, and
nitrogen gas media. And the breakdown characteristics of
these media were also studied. Experimental results
revealed that flashover voltage greatly depends on
pressure, temperature, the kinds of insulating media and
voltages, but it is slightly affected by shape and material of
electrode. The breakdown voltage of liquid nitrogen,
cryogenic nitrogen gas, and nitrogen gas deeply depends
on the shape and dimension of electrode, kinds of
voltages, and pressure. Moreover, the breakdown voltage
of cryogenic nitrogen gas and flashover voltage of glass
fibre reinforced plastic in the cryogenic nitrogen gas is also
influenced by temperature and vapour-mist density of the
gas.

MOAO09PO14

Design of HTS Transmission Cable with Cu Stabilizer
K-D. Sim, J-W. Cho, J-H. Bae, H-J. Kim, S-H. Kim, K-C.
Seong, KERI.

More than three HTS cable development and installation
projects are proceeded over the world. A 22.9kv/50MVA
class HTS cable system has been developed in Korea
during last 3 years. And the HTS cable system for
commercialization will be developed and installed on the
real or test power grid withinn 2 years ahead. Every HTS
cable system has to satisfy the falult current specification of
the power grid in order to protect the calble itself from the
fault current. HTS cable composed of HTS tapes has its
own capacity of enduring the fault current by bypassing the
current through its Ag-sheath. But it may not be enough.
So, some Cu stabilzer is generally introduced inside the
conductor layers and outside the shield layers of HTS
calbe core for some higer fault current grade. In this paper,
the design method of HTS cable with Cu stabilizer will be
intoduced. And the falult current capacity of HTS cable and
its eddy current loss generated from the stabilizer will be
calculated. And the impedence change of HTS cable in the
fault current state will be calculated.

POSTER SESSION
FAULT CURRENT LIMITERS (I)

13:30 - 15:30

MOA10POO1

Transient Numerical Simulation for Heat Transfer
Characteristics on the Resistive Superconducting
Fault Current Limiter

C.H. Kim, K. Rhyee, K. Lee, Seoul National University of
Technology.

A transient numerical simulation was conducted to have
variation of temperature on an element of resistive SCFCL
(Superconducting Fault Current Limiter) under quenching
condition. It is very important engineering information for an
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optimum design of cryogenic system for cooling of a
resistive SCFCL element. A resistive SCFCL bifilar type
coil for 10MVA that was developed by Nexans, Germany is
incorporated in this study. The coil is made of 5-layer of
different solid materials and is submerged into liquid
nitrogen container at 77K, 1atm for cooling. As hot-spot
occurs on the shunt material(CuNi) due to fault current in
power line, very high temperature starts at the shunt and is
transferred to the superconducting material(BISCCO-
2212) by conduction. In this study, variation of the
temperature distribution on the element of the bifilar type
SCFCL was found with the change of time and hot-spot
size generated on the shunt material. The average
temperature on the shunt and BI-2212 element at 500Kw,
100ms is 711.1K and 198.4K respectively. The details of
the temperature distribution on the SCFCL element
obtained from this numerical study should be very valuable
information for the decision of the cooling capacity of
cryogenic system for the model SCFCL element.

MOA10P0O02

Investigation of new bridge type superconducting fault
current limiter

X. Liu, L. Xiao, Institute of Electrical Engineering, CAS.

A new bridge type high temperature superconducting fault
current limiter (SFCL) with a limiting impedance of
superconductor connected in the limiting circuit is
proposed, which could limit the peak value and the stable
value of the fault current. Under normal condition, the
limiter is in low impendence as the limiting impedance and
the inductance are both in superconducting state; when
there comes a fault, the inductive coil keep the
superconducting state to restrict the fault current from fast
rising, while the limiting impendence change to the normal
state so that the impedance is series-connected
immediately to limit the stable part of the fault current. The
principle of the current limiting was analyzed, and a system
simulation was carried out. The results indicates the new
hybrid bridge type SFCL using the inductance of the
superconducting state and the impendence of the normal
state of the superconductor could be more efficient in fault
current limiting than the traditional bridge type SFCL .The
proposed model and simulation results could be used as
valuable references for the application.

MOA10POO03

Fundamental Characteristics of Superconducting Fault
Current Limiter using LC Series Resonance Circuit

H. Arai, T. Ishigouoka, Seikei University; H. Tanaka,
Hitachi Ltd.; K. Arai, M. Furuse, M. Umeda, AIST.

A new superconducting fault current limiter utilizing a series
resonance circuit composed of a superconducting coil (L)
and a capacitor (C) has been fabricated and tested. The
amplitude of the fault current increases gradually by the
transient characteristics of the LC series resonance circuit
when a sudden short-circuit occurred. Therefore, we can
reduce the capacity of a circuit breaker by suppressing the
increase of a fault current with this fault current limiter. We
carried out a small scale experiment with a model
transmission system. By the experiment, the fundamental
principle of this fault current limiter has been confirmed.
Some numerical analyses are carried out. The numerical
result agrees well with the experimental result. It is also
shown that the fault current increase rate can be controlled
arbitrarily by adjusting the value of the coil inductance L
and the capacitance C.



MOA10PO04

Manufacture and Test of Small-scale Superconducting
Fault Current Limiter by Using the Bifilar Winding of
Coated Conductor

M.C. Ahn, D.K. Bae, S.E. Yang, D.K. Park, T.K. Ko,
Department of Electrical and Electric Engineering, Yonsei
University; C.J. Lee, Hyundai Heavy Industries Co., Ltd.;
B.R. Seok, Heavy Industries Co., Ltd.; H.M. Chang, Hong
Ik University.

Superconducting fault current limiters (SFCLs) have been
developed in many research groups. However, there is no
standard for current limiting device. Recently, YBCO
coated conductor (C.C.) which is named as 2nd-generation
wire has been developed rapidly. YBCO C. C. has many
advantages for applying to fault current limiting material. In
this paper, a bifilar winding type SFCL was manufactured
using YBCO C.C. The bifilar coil was wound as pancake
type and length of the used C.C. tape was 8 m. The short-
circuit test of the SFCL was performed successfully rated
on 50V/100A. The SFCL has very low impedance in normal
operation and limited the fault current effectively when a
fault occurred. From the result, it could be confirmed that
the bifilar winding type FCL using YBCO C.C. is feasible.
Large-scale SFCL using C.C. should be developed in the
future.

MOA10POO5

Simulation Study on Operating Characteristics of
Superconducting Fault Current Limiter in Power
System

Y. Ye, Institute of Electrical Engineering, CAS.

Many studies have been reported on various types of
superconducting fault current limiters (SFCLs). They were
mainly about the characteristics of SFCLs themselves, and
there are a few studies on SFCL as a power system
apparatus. SFCLs are expected to improve reliability and
stability of power system. In this paper, a detailed
simulation model of a resistor type Superconducting fault
current limiter was proposed. Simulation studies were
performed in one-machine infinite bus system with parallel
transmission lines. Power system operating characteristics
of the SFCL were investigated and discussed by EMTDC
simulation results. The rotor oscillation of generator was
also analyzed with SFCL installed in power system.
Simulation results show that SFCL can effectively protect
synchronization both in a symmetrical three-phase fault
and single-phase fault. Limiting fault currents means not
only an improvement of circuit breaker abilities but also a
protection of synchronism.

MOA10PO06

Test of LC Resonance type of fault current limiter

K. Arai, H. Tanaka, M. Furuse, M. Umeda, AIST; M. Inaba,
H. Arai, T. Ishigohka, Seikei University.

A resonance-type superconducting fault current limiter
(FCL) was developed and tested in order to demonstrate
its concept and actual operations. The resonance type
superconducting FCL was originally proposed by Seikei
University, and after that, a large-scale experimental study
using its modified FCL was started by National Institute of
Advanced Industrial Science and Technology. This type of
FCL can minimized the normal ftransition in Bi-2223
superconducting pancake coils in it in case of an over-
current fault, and it can instantaneously return to steady
state operation after the fault is cleared. The tested
superconducting reactor has a toroidal configuration with
12 pancake-coil units where one unit includes 3 pairs of
pancake coils. The inductance of the reactor can be
variable from 5.5 to 50 mH by setting the combination of
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the series and paralleled connections of those units. One
combination in three-parallel and four-series mode makes
a 200 A class FCL. The test result using 50 Hz alternating
current shows the current increases exponentially to a
saturated level of approximately 240 A, 1.3 times of steady
state current level, while it can be estimated to be beyond
1000 A in the case of using no FCLs. The time constant to
reach the saturation can be defined by the specifications of
the arrester voltage and the normal voltage level in the
superconducting reactor, which was experimentally
measured and confirmed also using the FCL in a different
connection of those units.

MOA10POO07

Current Limiting Characteristics of Inductive Type
SCFCL with ZnO Device and Resistor in Parallel

Y. Shirai, T. Morimoto, K. Furushiba, M. Shiotsu, Kyoto
University; K. Fushiki, J. Baba, T. Nitta, The University of
Tokyo.

Superconducting Fault Current Limiters (SCFCLs) can be
classified into two types by the current limiting impedance,
that is, inductive-type (L-type) and resistive-type (R-type)
SCFCL. Both types have merits and demerits each other.
The L-type SCFCL has good features in current limiting
and recovery characteristics. The R-type one can consume
the excessive energy of generators at a fault and it can
improve power system stability. In this paper, we proposed
a new FCL system which consists of a L-type SCFCL in
parallel with a resistor and a ZnO device. The proposed
system has good features of both L- and R-type ones. A
model system was made and studied experimentally. The
ZnO device is off-state in stand-by mode. When a fault
occurs, the SCFCL turns into current limiting mode and has
high impedance. The voltage across the SCFCL exceeds a
threshold voltage of the ZnO device. During one cycle of
the voltage, the ZnO device is on-state around the peak of
the voltage, and the current flows through both the SCFCL
and the resistor. A certain amount of excessive energy is
dissipated in the resistor. The ZnO device is off-state
around the peak of the current which is suppressed only by
the L-type SCFCL. Finally the proposed FCL system
toggles L-type and L+R-type in a cycle. Relations among
the threshold voltage, the current limiting impedance and
the resistance of the resistor were discussed. It was
confirmed the proposed FCL system represents desirable
current limiting characteristics.

MOA10PO08

Study of a novel high-Tc superconducting fault current
limiter

Z. Zhang, L. Xiao, Institute of Electrical Engineering, CAS.
Withdrawn.

MOA10POO09

Investigation of Electrical Insulation Characteristics in
the Simulated Quench Conditions of HTS FCL

B-Y. Seol, K. Nam, C. Lee, Electro-Mechanical Research
Institute, Hyundai Heavy Industries Co., LTD.

Withdrawn.

MOA10PO10

Design and Test of High-TC Superconducting Coils for
a Three-Phase 10.5kV/1.5kA Fault Current Limiter

Z. Wang, J. Zhang, D. Zhang, H. Li, Y. Guan, Q. Bao, L.
Lin, L. Xiao, ASCL, IEE.

The design of High Temperature Superconducting (HTS)
coils for a three-phase 10.5kV/1.5kA HTS fault current
limiter (FCL) is described. It is well known that the Ic of
HTS materials is very sensitive to the orientation of fields.



In the design of the HTS caoils, the value of Bperp should
be reduced, and the coils should be wound and jointed
easily. In order to enlarge the current carrying capacity of
the coil, the double pancakes in the coils were connected
in parallel. Based on the field distribution in the coils and
the current distribution in each double pancake, the design
of the magnet was optimized. Three coils wound with Bi-
2223/Ag tape have been developed and tested.

MOA10PO11

Behavior Investigations of Superconducting Fault
Current Limiters in Electric Power Systems

L. Ye, M. Majoros, A. Campbell, IRC in Superconductivity,
Department of Engineering, University of Cambridge.

When electric power systems grow and become more
interconnected, the fault current levels increase.
Superconducting Fault Current Limiters(SFCLs) are being
developed to prevent fault currents from exceeding
clearance capacity of circuit breaker and voltage sags, thus
improve power quality. SFCLs provide an attractive
solution to the problem of fault currents in electric power
systems. The behavior of the limiter depends on the
characteristics of the material being using. In this paper the
behavior of resistive SFCLs made of different material will
be investigated from a system point of view. The simulation
results of case study using Electromagnetic Transient
program(EMTP) will be discussed. This paper outlined the
basic application guidelines for SFCLs design, and some
technical issues of the interaction between SFCLs and
power grids are presented as well.

MOA10PO12

Simulation of Thermal Instability in MgB2 Sample for
Superconducting Fault Current Limiter Applications

L. Ye, M. Majoros, A. Campbell, IRC in Superconductivity,
Department of Engineering, University of Cambridge.

A superconducting fault current limiter (SFCL) is
considering to be one of the solution to control the fault
current levels in fast growing power grids. The recent
discovery of superconductivity in magnesium
diboride(MgB2) provides a possible new material for power
application of SFCL. However, the implementation is still
plagued by thermal instability related to defect, which leads
to hot spots and melting of the conductor. In order to
predict this weaknesses in a piece of MgB2 sample
elements, which has proved to be a problem for a resistive
types of SFCL. In this paper, we have developed and
carried out numerical simulations of defect in MgB2 sample
using FlexPDE which is a software tool for finding
numerical solutions to systems of linear or non-linear
partial differential equations. Results show the validity of
the approach and will be valuable for future resistive SFCL
designs.

MOA10PO13

Finite Element Analysis of Thermal and Mechanical
Behavior in Model Fault Current Limiter With QMG
Bulk Superconductor

K. Kajikawa, Y. Takahashi, Y. Enpuku, K. Funaki, Kyushu
University; H. Hayashi, Kyushu Electric Power Co., Inc.; M.
Morita, H. Hirano, Nippon Steel Corp.

Various kinds of fault current limiters (FCLs) based on the
transition from superconducting to normal states have been
investigated all over the world, but there has been no
superconducting FCL to be introduced into an electric
power grid. In order to realize the FCLs, it is important to
disperse the total energy dissipated during the fault
condition efficiently. Up to now, our group has proposed a
new concept for a resistive-type limiting device with bulk
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superconductor to reduce a thermal shock due to the huge
amount of Joule heating. Since two metal plates are
soldered on each side of the superconductor, it is expected
that the simultaneous thermal expansion resulting from the
current sharing suppresses the stress concentration on the
superconductor. This idea has already been confirmed with
the experiments. In the present study, the current limiting
process is numerically simulated with commercial software
of finite element methods. In order to reproduce the
experimental results with a QMG bulk superconductor, the
distributions of current density and temperature inside the
limiting device are numerically solved at each time step for
a half cycle of an excess current. By using the obtained
distributions, the analysis of internal stress is also carried
out to validate the structure of metal reinforcement.
Furthermore, the current limiting behavior for a voltage
source is evaluated to simulate a realistic operation in the
actual power transmission line.

MOA10PO14

Quench properties of Bi-2212 bulk in magnetic field

J. Sim, H-R. Kim, O-B. Hyun, KEPRI; K-B. Park, H-M. Kim,
Electrotechnology R&D Center of LS Industrial Systems.
We have studied quench properties of Bi-2212 bulk for
application to a resistive type superconducting fault current
limiter. In order to protect the Bi-2212 bulk from hot spots
during quenches, it had not only electrical bypass but also
a magnetic field applied to it simultaneously with the
quench. Due to the applied magnetic field, critical current
density of the element was decreased and quench was
accelerated. The coil to generate magnetic fields was
connected in series or parallel to Bi-2212 bulk. We have
measured electric field-current density characteristics of Bi-
2212 bulk in applied magnetic field. We also have
investigated the dependence of quench characteristics of
Bi-2212 bulk on applied magnetic field. This work was
supported in part by a grant from Center for Applied
Superconductivity Technology of the 21st Century Frontier
R&D Program funded by the Ministry of Science and
Technology in Korea.

MOA10PO15

Quench characterisitcs of current limiting elements in
a flux-lock type superconducting fault current limiter.
H-S. Choi, H-M. Park, Department of Electrical
Engineering, Chosun University; S-H. Lim, C-R. Park, B-S.
Han, School of Electronics and Information Engineering,
Chonbuk National University.

We investigated quench characteristics of flux-lock type
superconducting fault current limitier(SFCL) according to
the winding directions of superconducting elements and the
connecting method. The flux-lock type SFCL consists of
two coils. The primary coil is wound in parallel to secondary
coil through an iron core, and the secondary coil is
connected with the superconducting elements in series.
The operation of the flux-lock type SFCL can be divided
into the subtractive and the additive polarity windings
according to the winding directions between the coil 1 and
coil 2. In order to increase the rated voltage and current
grade of the SFCL, the superconducting elements should
be connected in series. However, when it is simply
connected in series, the quench is not generated
simultaneously due to the slight differences of their intrinsic
critical current.  When we connected several
superconducting elements in flux-Lock type SFCL, the
quench was achieved simultaneously due to the flux
linkage between the serial elements into secondary
winding. Meanwhile, the line current are higher in the
subtractive winding than that of the additive winding



because of the flux decrease and increase by the winding
directions. This means that the capacity of the SFCL could
be increased through the serial connection and the
subtractive winding.

MOA10PO16

Design of LTS Coil used for the Combined Device
SMES-SFCL

G. Zhu, M. Song, Z. Wang, Electrical Engineering Dept.,
Tsinghua University.

The paper presented the whole procedure of the LTS coil
design which was to be used in the combined device
SMES-SFCL. The optimization of the coil volume with the
limitation of designated capacity and power was done at
first. After the superconducting tape was chosen, the size
of the coil, including the inner radius, outer radius and
height, was determined. Since the coil was designed to be
flown through by the short circuit current which was very
quickly time-variant, its stress distribution would be quite
different from that in the steady state. The numerical
solution of the short circuit current flowing through the coil
was calculated by Matlab, and this result was exported to
ANSYS used as the transient condition to calculate the
stress distribution of the coil, which was simulated using
the electricity-magnetic-structure coupling model. The
simulation results showed that the LTS coil was
conditionally safe from both the electrical and mechanical
point of views. These conditions can be satisfied by circuit
breaker and protect circuit design.
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MOA11PO01

Effect of surface oxidation on stability of LHD
conductor immersed in pressurized He Il

M. Ohya, Y. Shirai, M. Shiotsu, Kyoto University; S.
Imagawa, NIFS

In our recent study, stability tests were performed for a
small test coil wound with a LHD (Large Helical Device)
conductor immersed in He | and He Il. The LHD conductor
has a thick aluminum stabilizer and is stationary close to a
perfect stabilized one. However, because of its long current
diffusion time, the phenomenon was seen beyond a certain
current that a short normal zone initiated by a thermal
disturbance dynamically traveled along the conductor. If
the stability limit of the LHD test coil was defined as such a
dynamic minimum propagation current, the increasing rate
of the stability limit of the LHD test coil by lowering the
liquid helium temperature from 4.2 K to 2.0 K is quite
smaller than that of a small test coil wound with a
superconducting wire with the bare copper surface that is
examined before. The LHD conductor surface is chemically
oxidized, and the Kapitza conductance on the oxidized
copper surface is known to be quite smaller than that on
the bare copper surface. In order to confirm the influence of
the Kapitza conductance on the stability of the LHD
conductor, the stability tests of a new test coil wound with
the bare LHD conductor (without oxidation) were
performed. The stability of the bare LHD coil was improved
as compared with that of the oxidized LHD coil at the time
of He Il cooling. It turned out that one of main factors that
govern the stability of the LHD conductor cooled by He Il is
the Kapitza conductance.

MOA11P002
Development of CICC for KSTAR Superconducting
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Magnet System

B.S. Lim, J.Y. Choi, S.I. Lee, C.S. Kim, |.S. Woo, D.J. Kim,
N.H. Song, W.W. Park, K.R. Park, H.K. Park, Korea Basic
Science Institute.

The KSTAR (Korea Superconducting Tokamak Advanced
Research) superconducting magnet system adopts a
superconducting CICC(Cable-In-Conduit Conductor) type
conductor. It consists of 16 TF coils and 14 PF coils and it
also uses two different types of CICCs — Nb3Sn cable with
Incoloy 908 conduit and NbTi cable with 316LN stainless-
steel conduit. A special CICC jacketing system is
developed for the KSTAR CICC fabrication and it uses the
tube-mill process which consists of forming, welding, sizing
and squaring procedures. The cabling process for TF and
PF superconducting cable and the fabrication process of
each CICCs ( TF CICC and PF CICC) is described. The
welding of conduit materials are also discussed. The
fabrication results including the geometrical specification
and the void fraction will be discussed.

MOA11PO03

Fabrication of the KSTAR TF Magnet

B.S. Lim, C.S. Kim, I.S. Woo, J.Y. Choi, D.J. Kim, N.H.
Song, W.W. Park, K.R. Park, S.I. Lee, H.K. Park, Korea
Basic Science Institute.

The KSTAR TF magnet system consists of 16 TF coils and
14 PF coils. Both of the TF and PF coil system uses
internally cooled superconductors. The TF coil system
provides a field of 3.5 T at a plasma center, with a peak
flux density at the TF coils of 7.5 T. The stored energy is
470 MJ. TF coils use a Nb3Sn CICC(Cable-In-Conduit
Conductor) with a 2.86 mm thick Incoloy alloy 908
(afterward, Incoloy 908) conduit. The Nb3Sn strand has
KSTAR HP-Ill specifications in which the critical current
density is greater than 750 A/mm2 at 12 T, 4.2 K. The
nominal current of the TF coils is 35.2 kA with all coils in
series. For the fabrication of CICC and TF magnet, a
continuous CICC jacketing system is developed and the
procedures of coil fabrication are established. The
procedures of coil fabrication are CICC leak test, grit
blasting winding, attachment of helium feed-throughs and
joint terminations, heat treatment, insulation taping, ground
wrapping and vacuum pressure impregnation. Each
fabrication process is described and the fabrication results
including the geometrical specification will be discussed.

MOA11PO04
Acceptance test of the first power supply and
protection system module for W7-X

T. Rummel, T. Mobnnich, Max-Planck-Institut fiir
Plasmaphysik
The  superconducting magnet system of the

WENDELSTEIN 7-X (W7-X) experiment consists of 50
non-planar and 20 planar coils which are connected in
series in seven groups of ten coils each. In order to be able
to vary the magnetic configuration the five groups of non-
planar coils and two groups of planar coils will be powered
individually resulting in seven independent power supplies.
The selected concept is a twelve pulse thyristor-based
converter with interphase transformers. The maximum
output current per unit is 20 kA at a voltage of 30 V. It is
necessary to equip each of the seven power supplies for
the superconducting coils with a protection system to avoid
overloading of the coils in case of a quench. The stored
energy of up to 900 MJ during plasma experiments has to
be removed very fast from the coils and dumped it into a
discharge resistor. Load switches transfer the current into
an intermediate circuit and D.C. breakers force it into the
dump resistor circuit. During these switches high voltages



of up to 6 kV may be induced. The paper describes briefly
the design of the power supplies and the protection system
for W7-X and gives a detailed description of the component
tests as well as the acceptance tests of the first module of
the power supply and protection system. Acceptance tests
were done without load, under short circuit conditions in
order to simulate the superconducting coils and with a
dummy load in order to simulate an inductive load.

MOA11POO05
Insulation of the coil
assembly of W7-X

K. Rummel, A. John, Max-Planck-Institut fiir Plasmaphysik.
The  superconducting magnet system of the
WENDELSTEIN 7-X (W7-X) experiment consists of 50
non-planar and 20 planar coils which are connected by 121
bus bars in series in seven groups of ten coils each. The
terminal ends of the coils and bus bars are not insulated by
the manufacturers and will be equipped with transition
joints aluminium / stainless steel during coil and bus bar
preparation. The transition joints are part of the joints which
will be assembled after making the electrical connection
between coils and bus bars. The insulation has to
withstand a voltage of 13 kV DC for 1 min at Paschen
conditions. Due to the complex 3 D shape of the coil and
bus bar ends it is not possible to apply a vacuum
impregnated insulation. Furthermore it has to be
considered that the quench detection wires which were fed
inside the insulation along the coil and bus bar ends have
to be feed through the insulation near the joints. The paper
describes the design of the insulation and focus of their
application during assembly. The hand made insulation is a
combination of wet wrap glass kapton epoxy insulation and
GRP material. The qualification carried out on samples will
be presented and tests to be performed. Besides the
mounting of insulation at the first coil will be reported.

and bus bar ends during

MOA11P0O06

Improvement in the cryogenic stability of the model
coil of the LHD helical coil by lowering the
temperature.

S. Imagawa, N. Yanagi,
Takahata, H. Chikaraishi,
Yamada, O. Motojima, NIFS.
Helical coils of the Large Helical Device (LHD) are pool-
cooled superconducting magnets, in which propagation of
a normal-zone have been observed several times at about
90% of the nominal current. It is planned to improve the
cryogenic stability by lowering the inlet temperature. In
order to estimate the effect, the cryogenic stability of a
model coil of the helical coil was examined in saturated and
subcooled helium. Liquid helium is supplied from the
bottom of the model coil, and it is exhausted through the
winding to the current-leads tank. The inlet helium is
subcooled by a pre-cooler. A normal zone was initiated by
a heater on the conductor. The propagation was detected
by voltage taps. In the saturated helium of 4.4 K and 0.12
MPa, the minimum currents to begin propagation vary
from10.7 to 11.2 KA in the four cases that are without or
with additional thermal shields, and before or after cooling
down to 3.5 K. The difference is considered to be caused
by the change of quality of saturated helium due to the
steady heat input into the winding. The propagation
velocities at the same current are slower at the less heat
input. The minimum currents are higher at the lower
temperatures in the subcooled helium. It is raised up to
11.7 kA at 3.5 K of the temperature of the winding. The
propagation velocity at each minimum current is almost
same. Namely, the propagation velocities at the same

T. Mito, K.
Iwamoto, S.

S. Hamaguchi,
H. Tamura, A.
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current are slower at the lower temperature in subcooled
helium.

MOA11PO07

Analysis of the test results of the KSTAR Central
Solenoid Model Coil

W. Chung, Y. Chu, S. Lee, S.J. Lee, S.H. Park, K. Park,
Y.K. Oh, K. Kim, J.S. Bak, Korea Basic Science Institute;
S. Jeong, KAIST.

The Korea Superconducting Tokamak Advanced Research
(KSTAR) Central Solenoid Model Coil (CSMC) was tested
during 2004 in Korea Basic Science Institute (KBSI) to
validate the design of KSATR CS coil. In this paper, the
results of measurement, which are AC loss, inlet and outlet
helium temperature, helium mass flow rate and pressure
drop, are presented. In addition, the test is simulated by the
numerical code that is developed to simulate KSTAR
operation. The results of the test are compared with those
of the simulation. Some correlations, which are related to
AC loss calculation and friction factor of the code, are
modified to predict accurate thermo-hydraulic
characteristics of KSTAR operation. The thermo-hydraulic
characteristics of the KSTAR CS coil, which is calculated
by the revised code, are also reported in this paper.

MOA11P0O08

Paschen testing on W7-X coils and components in the
BNN test facility

H. Scheller, H. P. Langenberg, M. Kiihnberg, Babcock
Noell Magnettechnik GmbH; J. Baldzuhn, B. Petersen
Zarling, D. Gustke, Max Planck Institut flir Plasmaphysik;
H. Fillunger, Atominstitut der osterreichischen
Universitéten.

During the fabrication of the coils for the Wendelstein 7—X
experiment the need for pressure dependent high voltage
testing — Paschen tests — of the coils and components
arose. These tests ensure the safety of the coils in case of
an emergency shutdown due to a break in the vacuum of
the experiment cryostat. For that purpose the vacuum test
facility at Babcock Noell Nuclear was modified in order to
perform these tests. It is now possible to test coils and their
components up to 17 kV and for pressures below 1.0e-3
mbar. Completed coils, winding packs before insertion in
the case and also several components have been tested
up to now. It has been demonstrated that these Paschen
tests are a powerful tool to detect insulation defects. The
paper shows the effort which has been taken to set up the
test facilities. It will show the preparation of the
components under testing. We will present and discuss the
results obtained up to now.

MOA11PO09

Recent Results of the cold tests performed on the
Stellarator W7-X coils

J. Baldzuhn, H. Ehmler, A. Hoelting, C. Sborchia, K. Hertel,
Max-Planck Institut fuer Plasmaphysik; L. Genini, T. Schild,
CEA/DSM/DAPNIA Saclay.

The magnet system of the fusion plasma experiment W7-X
consists of 50 non-planar and 20 planar superconducting
coils. The particular magnetic field topology of the
stellarator W7-X imposes strict constraints on these coils,
because the stellarator field, i.e. the iota profile, the
magnetic field shear etc., have to be maintained with a
relative accuracy of better than 10-4. In addition, 25 years
of reliable operation are envisaged, without the opportunity
of access to the coil system. Therefore, all coils will be
subject to an acceptance test at operational conditions at a
cryogenic test facility at CEA Saclay, France. The program
includes quench tests, thermo-hydraulic measurements,



AC and DC high-voltage tests, Paschen tests, vacuum leak
tests of the superconductor and the cooling pipes, and a
check of the mechanical deformations and stresses during
cool-down and current ramp-up. One quench is performed
in order to investigate the operational margin of the coil,
and to study all electrical and mechanical parameters of
the coil during and after the quench. During AC electrical
tests, eddy currents are induced in the coil casings.
Numerical studies of the results of these tests can be used
for the detection of interlayer short-circuits. The mechanical
stresses on the coil casings are measured by strain
gauges. Extensive comparisons to numerical FE
calculations are performed to study the behaviour of the
coils under mechanical load.

MOA11PO10

Comparative analysis of impulse and AC tests to
detect shorts and weak points between turns and
layers within the W7-X magnets

H. Ehmler, H. Fillunger, R. K. Maix, T. Rummel, K. Risse,
IPP; A. Jeckle, ABB; S. Parodi, Ansaldo Superconduttori;
H. Scheller, BNN.

The magnet system of the W7-X Stellarator consists of 50
non-planar and 20 planar coils. In particular, the winding
packs of the non-planar coils are densely packed and
compressed in the area of interlayer joints and coil
terminations, which brings some risk of turn and interlayer
shorts. The paper will describe methods deducted from
impulse and AC tests performed on the coils, which enable
demonstrating the absence of shorts and weak points of
low Ohmic inter-turn resistance. In the impulse test,
frequency and damping are compared for coils with and
without short circuits and coils with an external low-Ohmic
bypass. In the AC test, a drastically reduced impedance
clearly indicates a short circuit. Therefore both tests
represent excellent QA tools for checking the uniformity of
the electromagnetic performance of a serial production of
magnet coils.

MOA11PO11

Effect of thermal contact between winding pack and
casing on thermal behavior of SST-1 TF coil

A. Sahu, B. Sarkar, N.C. Gupta, J. Tank, P. Panchal, R.
Bhattacharya, G. Phadke, G. Gupta, N. Shah, Y.C.
Saxena, Institute for Plasma Research.

Super conducting magnets,especially toroidal field (TF)
coil,which are large in size and used for magnetic
confinement of plasma under steady state configuration,
uses casing to house the winding pack due to various
reasons. Active case cooling in such cases has been one
of the point of debate. TF coils of SST-1 consists of six
double pancakes of Nb-Ti based cable-in-conduit
conductor (CICC),duly impregnated and encased in a tight
fit stainless steel casing. A thermo-hydraulic experimental
characterization has been made on a test TF coil while
studying the cooling down behavior without active case
cooling. The hydraulic paths have been uniformly cooled
down to 4.5 K using a 1.3 kW helium refrigerator/liquefier.
The temperature profile on the casing has been measured
using cernox sensors. Strategic locations on the casing
have been decided as per the mechanical configuration.
The nose section,which is thicker than the rest of the
places,has been scanned with due attention. The
experimental results show a distributed temperature profile
on the casing ranging from lowest temperature of 17 K to
the highest temperature of 28 K,at the lowest operating
temperature 4.5 K. The data obtained has been analysed
using ANSYS on the basis of thermal contact and thermal
resistance,taking into account all the material properties.
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The paper will describe the experimental setup,thermo-
hydraulic behavior of the CICC in winding configuaration
and the agreement of results with empirical analysis.

MOA11PO12

Safety Ground Scheme for Steady  State
Superconducting Tokamak (SST-1) Cold Structures

R. Bahl, B. Sarkar, Y.C. Saxena, Institute for Plasma
Research.

Grounding scheme for cold structures of a
TOKAMAK,which uses superconducting magnets requires
special attention due to its cryogenic environment
operation. The toroidal (TF,16 nos.) and poloidal (PF,9
nos.) coils are kept at isolated potential by means of
electrical isolators at the cryogen feed/return points. During
occurrence of a fault, high voltage, of the order of few KV is
expected to appear across the coil terminal or floating
structures causing overheating or arcing. These unwanted
faults have been taken care of by providing a fault return
path between the fault and the source. Protective ground
path has been implemented for all potential places. The
basis of our design scheme is as per the electrical
engineering standard. Technical requirements are: 1. Limit
of voltage difference of idle parts to ground 2. Low
impedance path for possible fault current and over-voltage
3. Thermal load at 4.5 K and 80 K. The above have been
accomplished by connecting all the potential cold
(4.5K,80K) structures, to the ground potential using Kapton
insulated 37 strand cu wires,ensuring a tree-type structure
to avoid formation of ground loops. Ground grid at the
ambient temperature acts like a heat source for all the cold
structures; therefore, a metallic heat sink has been
provided at 80 K so that dT/dX along the wires beyond the
heat sink is negligible. The paper will describe the details of
the technical design for the grounding scheme, thermal
sink and the implementation procedure.

MOA11PO13

Quench Detection System for the KSTAR Central
Solenoid Model Coil Test

S. Lee, Y. Chu, H. Yonekawa, S.H. Baek, Y.K. Oh, J.S.
Kim, K. Kim, B.S. Lim, K. Park, W. Chung, Korea Basic
Science Institute.

The superconducting model coils of central solenoids for
Korea Superconducting Tokamak Advanced Research
(KSTAR) have been assembled and current charging
experiment has been conducted in cryogenic state. The
systems for detecting unexpected quench conditions are
the critical devices to guarantee the stable magnet system
operation of tokamaks. Not only to verify quench detection
scheme for KSTAR but also to protect model coils from the
unexpected coil quenches, an integrated system has been
developed. This system includes superconducting coil
monitor modules and superconducting bus bar monitor
modules. To detect quench of the coil, conventional
quench detection methods using a bridge circuit has been
applied. For superconducting bus bar, simple co-wound
voltage tap sensors have been used. To combine each
module signals, an integration device is used. This unit not
only combine signal but also determine final quench state.
A method for easy balancing of the quench detection
system is proposed. Current charging test has been
preformed, whose value is about 20kA and the quench
detection system has detected a quench in coil at some
wanted conditions.



MOA11PO14

AC Test of the KSTAR Central Solenoid Model Coil

Y. Chu, S. Lee, S.J. Lee, KW. Cho, S. Baek, S.H. Park, J.
Kim, H. Yonekawa, W. Chung, Y.K. Oh, National Fusion
R&D Center, Korea Basic Science Institute.

Korea Superconducting Tokamak Advanced Research
(KSTAR) Central Solenoid Model Coils (CSMC) were
installed and tested in the form of split coils. The CSMCs
were successfully charged up to 20 kA and down to zero at
the various ramp rates. The AC losses were measured by
a calorimetric method with the various types of AC currents
up to 20 kA such as triangular wave, DC offset sinusoidal
wave and so on. The hysteresis losses were measured by
magnetization method and were below 250 mJ/cc during
+3T to —3T operation. The coupling loss was then obtained
by subtracting hysteresis loss from the total AC loss. The
total AC losses were measured as a function of frequency
from 0 to 0.7 Hz and various magnetic field amplitudes up
to ~ 9T. Conclusively, the AC coupling time constant was
estimated to be less than 40 msec at all current shot
scenarios. This paper describes the experimental setup
including the test facility, the sensors and control system
and power supply, and presents the test results for various
AC operations.

MOA11PO15

Thermo-hydraulic Friction Factor Measurement of
KSTAR PF CICC

S.H. Park, Y.K. Oh, W. Chung, Y. Chu, S. Lee, S.J. Lee, H.
Yonekawa, K.W. Cho, S. Baek, J.S. Kim, National Fusion
R&D Center, Korea Basic Science Institute.

The objective of this work is to predict the hydraulic
behavior of cable-in-conduit-conductor (CICC) for the
Korea Superconducting Tokamak Advanced Research
(KSTAR) superconducting magnet. KSTAR
superconducting magnets consist of 16 TF coils and 14 PF
coils. Each coil is made by a square CICC through
continuous winding method. The length of CICC per coil is
610m for TF coil and maximum about 2500m for PF caoil,
respectively. Especially the maximum length of cooling
channel is about 300m in PF coil. All the coils are cooled
by supercritical helium at 4.5K and 6 bar of inlet pressure.
The thermo-hydraulic friction factor is important because it
is also closely related with helium supply system in
KSTAR. It is needed to confirm the friction factor for the
operational analysis and the estimation of PF coil operating
stability through the experiments. The test facility consists
of valves, sensors and straight 5m length CICC. After the
measurement of pressure drop in CICC at room
temperature, the friction factor could be evaluated using
governing equations. The friction factor of KSTAR PF CICC
can compare with the Katheder general correlation formula
and ITER TFMC’s tendency. Furthermore, the friction
factor is useful to analyze the thermo-hydraulic parameters
by simulation codes like the GANDALF or own developed
one and helpful to operate KSTAR PF coil in the near
future.
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MOA12P001

Control and Instrumentation for ITER Magnet System
K. Yoshida, Y. Takahashi, N. Mitchell, ITER Naka JWS.
The ITER superconducting coil system consists of 18
Toroidal Field coils, six Poloidal Field coils, six Central
Solenoid modules, 18 Correction Coils and their feeders.

An extensive measurement and control system is required
to monitor and to control these coils and feeders for safety
and optimal operational availability. For each coil, both
current and supercritical helium are supplied from external
systems and are controlled from a central control system
as part of the regular operation with plasma pulses. These
allow adjustment of currents and, though a virtual model of
the coll thermo-hydraulic  system continuously
benchmarked to the external instrumentation, allow
smoothing of the cryoplant loads and optimization of the
plasma pulse rate. Quench detection is provided as a
separate, stand alone system. Finally, regular monitoring of
the electric insulation system inside the coils is performed
to detect incipient problems before serious damage can
develop. ITER IT will procure directly all sensors, wires,
electrical insulation breaks and cryogenic components for
all the coils and feeders to a common specification. This
will avoid duplication of qualification work and guarantee a
common interface to the control circuits. This paper
introduces the requirements and specifications of the
control and instrumentation for the ITER magnet system.

MOA12P002

Results of contact resistance distribution in ITER
conductor termination

A. Anghel, P. Bruzzone, M. Vogel, CRPP Fusion
Technology.

JORDI (JOint Resistance Dlstribution), a dedicated test
facility for the measurement of contact resistance
distribution in full-size, ITER type conductor terminations,
has been successfully commissioned at CRPP. In contrast
to earlier attempts, where the contact resistance in
terminations was measured in current unbalanced
condition, in JORDI the contact resistance is measured
under imposed balanced current distribution among all
current-carrying elements of the termination. The current
from a 10 kA power supply is split by precision, low
temperature shunt resistors into 98 parallel channels, each
connected to the first cable stage of a full size ITER
conductor. The voltage drop, in the range of few nano-volt,
is simultaneously sensed between each current carrying
element (first cable stage) and the equipotential surface of
the joint between the conductor termination and the facility
current leads. We report first results of the contact
resistance distribution in two prototypes of typical ITER
terminations, made respectively of NbTi and Nb3Sn based
cable-in-conduit conductors. The results of the
measurements are analysed based on a simple statistical
model.

MOA12P0O03

Simulation of Quench Tests in the ITER Central
Solenoid Model Coil

Y. Takahashi, K. Yoshida, M. Edaya, N. Mitchell, ITER
International Team.

To investigate the conductor behavior during a quench,
quench tests of Center Solenoid (CS) and Toroidal Field
(TF) insert coils were carried out with various initial
conditions (13 T, 30-46 kA) in the CS Model Coil Facility.
Ramp rate limitation tests of the CS insert coil were also
carried out. The conductors of both coils are cable-in-
conduit conductors (CICC) with Nb3Sn strands. The
superconducting cable of the conductor consists of about
1,000 Nb3Sn strands, each with an outer diameter of about
0.8 mm. The lengths of conductors of CS and TF insert
coils are 140 m and 45 m, respectively. These coils were
installed in the inner bore of the CS Model Coil and tested
in the maximum background field of 13 T. The inductive
heater, attached on the conductor at the center of the



length and the highest field region, initiated an artificial
quench in the quench tests. A quench has also occurred
during the pulse operation with the ramping rate of 0.4-2
T/s, in the ramp rate limitation tests of the CS insert.
Simulations of electric, thermal and hydraulic behaviors of
the conductor during quench and ramp rate limitation tests
were carried out by using the “Gandalf’ thermohydraulic
simulation code. The experimental results were compared
with the simulation and good agreement was obtained.
These results are described and the implication for quench
detection in ITER is discussed in this paper.

MOA12P004

Demonstration of JK2LB jacket fabrication for ITER
Central Solenoid

K. Hamada, H. Nakajima, K. Takano, F. Tsutsumi, K.
Okuno, JAERI; N. Fujitsuna, Kobe Steel, LTD; A.
Mizoguchi, Kobe Special Tube Co., LTD.

Japan Atomic Energy Research Institute has developed a
jacket material called JK2LB for the Central Solenoid (CS)
conductor in the International Thermonuclear Experimental
Reactor (ITER). Mechanical properties of jacket material
are required to be 0.2% yield strength of more than 1,000
MPa and fracture toughness (KIC(J))of more than 130
MPam0.5 at 4 K after Nb3Sn reaction heat treatment (650
°C x 240 hours). Dimensional requirements of jacket are as
follows; accuracy of the outer dimension and inner hole
diameter are within +0.2mm, eccentricity of hole is less
than 10% and minimum single length is 5m. As a jacket
material, JK2LB (0.03C - 22Mn - 13Cr - 9Ni - 1Mo - 0.2N-
B) has been developed. JK2LB billets having a diameter of
163 mm and total weight of 1.6 tons, were successfully
produced by using conventional electric furnace followed
by electroslag remelting (ESR) process. Good workability
of JK2LB during hot work has been also demonstrated.
Trial fabrication with the processes of hot extrusion
followed by cold drawing of JK2LB billets was also
performed to confirm achievable tolerances of dimension
and unit length of the jacket. Target tolerance of within +
0.2 mm for outer dimension and inner hole diameter,
eccentricity of less than 5% and unit length of more than 7
m are achieved. As a result, the fabrication of JK2LB CS
jacket has been demonstrated and mass production of the
CS jackets became ready toward the ITER CS conductor
procurement.

MOA12PO05

Pre-compression Requirements for the ITER Central
Solenoid

Y. Fu, N. Mitchell, ITER IT Naka, C. Jong, ITER IT
Garching; P. Michael, MIT, Cambridge, US.

The ITER Central Solenoid (CS) consists of 6 independent
but identical coil modules. The modules are clamped
together by top and bottom flanges that are linked by
vertical tie plates. The plasma flexibility requirements for
ITER produce several combinations of radial (or hoop)
forces and a wide range of vertical forces on each of the
CS modules. For example, during pre-bias energization the
top three and bottom three CS modules are strongly drawn
together in the axial direction. At start of the plasma burn
the outermost CS modules are axially repelled by the
innermost CS modules and other coils in the Poloidal Field
coil system. Although the net vertical force on the CS stack
is generally small, the modules in the CS stack must be
pre-compressed to ensure that coils remain in contact
during all stages of plasma operation, to avoid tensile
stresses in the coil insulation or ratcheting of the relative
coil positions. The required axial pre-compression must be
determined by careful analysis of the CS stack under all
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operating conditions. The allowable, room-temperature
stresses in the vertical tie-plates generally limit the range of
plasma scenarios that can be achieved. This paper
provides details of the optimization analysis for the ITER
CS stack, details for various material limits within the coils
and structure, and the outlines the eventual range of
supported plasma scenarios.

MOA12P0O06

Simulations of the ITER Toroidal Field Coil Operation
with the VINCENTA code

D. Bessette, ITER; N. Shatil, E. Zapretilina, Efremov
Institute.

Time-dependent thermal-hydraulic analyses of the ITER
Toroidal Field Coils have been performed with a quasi-3D
model based on the VINCENTA code. Two primary cooling
loops are considered for the case and the winding pack
respectively, each of them including a circulation pump and
a heat exchanger. The conductor pancakes are cooled in
parallel in the winding pack loop, as are the cooling
channels in the case loop. Temperature, pressure and
velocity of the helium coolant are computed in these
channels by the VINCENTA code. This provides boundary
conditions for the thermal coupling to 2D heat diffusion
carried out in the coil sections. This configuration is
considered appropriate to simulate the heat exchange
between the various channels. A range of plasma
scenarios including plasma disruptions has been
simulated. The deposited heat due to AC losses in the
conductor, eddy current losses in the structure, thermal
radiation, thermal conduction, and nuclear heating, are
given as input data. The model has been updated
according to recent design changes. It also includes new
features such as the calculation of the local electric field
along the conductor when operating in the current sharing
regime. The related power is then treated as a local heat
deposition. The main analysis results are presented
showing the impact of design and operating parameters.
The analysis has been applied to confirm that the range of
strand losses and cable coupling losses are acceptable for
the conductor.

MOA12P0O07

From short sample to coil DC superconductor
performance: ITER Central Solenoid Model Coil
(CSMC) vs. Good Joint (GJ) sample

L. Savoldi, R. Zanino, Dipartimento di
Politecnico di Torino; N. Mitchell, ITER IT Naka.
One of the crucial problems in the design of large high field
superconducting magnets using Nb3Sn superconductors is
how to extrapolate from the performance of an isolated
strand measured in the lab to the performance of the
superconducting coil using multistrand twisted cables. The
uncertainty can be covered by generous margins but of
course this implies a cost penalty. Within the frame of the
ITER activities, it is proposed to bridge the extrapolation
gap through the test of short (few meters long) but full-size
well-instrumented conductor samples in dedicated facilities,
e.g., Sultan at Villigen PSI, Switzerland. However, the
problem of how representative is the conductor sample for
simulating conductor-in-coil conditions is still under
discussion. It is addressed here by considering the
particular case of the Central Solenoid Model Coil (CSMC),
tested in 2001-2003 at JAERI Naka, Japan, and its
associated Good Joint (GJ) sample (tested in 1999 at
Sultan). While the basic thermal hydraulic conditions are
interpreted from experimental data by the Mithrandir/M&M
code, the sensitivity of the voltage - temperature
characteristics to mechanical effects (due to the strain

Energetica,



sensitivity of the Nb3Sn) and non-uniform current
distributions (due to the close proximity of the joint to the
high field region in Sultan samples) is investigated by
analysis. The results are used to assess the errors to be
expected in  predicting coil performance from
measurements made on conductor samples.

MOA12P0O08

The results of the Toroidal Field Conductor Insert
(TFCI) non-destructive and destructive examinations

I. Rodin, S. Egorov, V. Korsunsky, T. Gurieva, A. Bursikov,
E. Zapretilina, D.V. Efremov Institute (NIIEFA).

A single layer solenoid TFCI was tested in October 2001 at
JAERI test facility (Naka, Japan) as a part of the ITER
CSMC & Insert Test Program. During the test campaign
the TFCI reached design operating current of 46 kA at
background magnetic field of 13 T without any problems.
However some results required non-destructive and
destructive examinations of the TFCI to check the
correspondence with the design specifications. These
examinations were performed in 2004 by the
manufacturing company - the Efremov Institute (NIIEFA),
St. Petersburg, RF. This paper presents the overview of
techniques and major results of examinations along with
their analysis and interpretation.

MOA12P0O09

Manufacturing Study and Trial Fabrication of Radial
Plate for ITER Toroidal Field Coil

K. Abe, H. Nakajima, K. Hamada, K. Okuno, JAERI; H.
Kakui, H. Yamaoka, Ishikawajima-Harima Heavy Industries
Co., Ltd.

In the International Thermonuclear Experimental Reactor
(ITER), a Toroidal Field (TF) coil is operated at 68kA and
11.8T. To support an electromagnetic force on conductor,
the TF coil conductor is embedded in a groove, which is
machined on stainless steel plate, called as Radial Plate
(RP). The dimension of RP is 13.8m x 8.7m, with a plate
width of 610mm and a plate thickness of 111.8mm. The RP
is made of SUS316LN. Japan Atomic Energy Research
Institute has studied to establish manufacturing processes
of RP. In this study, estimations were made on the
dimension and weight of available hot rolled plate,
segmentation, machining method, tools and welding
method. To estimate manufacturing time of RP, SUS316LN
were machined by several cutting tools attached on a
machining center and life time of tools were measured as a
function of cutting feed and speed. For welding technology,
TIG welding was employed to achieve high weld deposition
rate and YAG laser welding was used to minimize
shrinkage of welded joint. It was confirmed that
characteristic of machining of SUS316LN was almost same
as that of conventional SUS316L. Using the tools and
conditions developed for the machining and welding, the
trial fabrication of a small scale RP with the same groove
dimension as that of the real one has been performed.
Flatness of +1 mm was achieved in the trial. The achieved
flatness satisfied ITER requirement. Thus, essential
technologies have been established for the manufacture of
the ITER RP.

PARALLEL SESSION
(Scirocco/Libeccio room)

PULSE MAGNETS (I)

15:50 - 18:00

MOA10R1
Performance of 75 T prototype pulsed magnet
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C.A. Swenson, W. Marshall, A. Gavrilin, NHMFL; D. Rickel,
J. Schillig, NHMFL-LANL.

A new 75 T pulsed magnet design is now undergoing
operational evaluation at the NHMFL Pulsed Field Science
Facility. The magnet design incorporates improvements to
the engineering template developed for the 65 T pulsed
user magnets in operation at the NHMFL. The
development of the 75T magnet is part of the NSF effort to
develop insert magnets for the DOE 100T multi-shot (MS)
magnet program. An important objective of the 75T project
is to gain experience operating insert-like coils in the same
temperature, stress, and strain range encountered at 100
T. The 75T magnet assembly is comprised of two solenoid
coils nested together. The inner “A” coil is constructed with
materials & techniques identical to those planned for the
100T inserts. We have successfully trained the 75T
prototype to full field over 21 pulses of increasing intensity.
The capacitor bank energy for a 75T pulse is 1.44 MJ. This
paper presents a review of the magnet design, operational
performance data, and the developments impact on the
design of future pulsed field user magnets and inserts for
the DOE 100T Multi Shot magnet program.

MOA10R2

Stability aspects of the high strength high conductivity
microcomposite Cu-Nb wires properties

V.I. Pantsyrny, A. Shikov, A. Vorobieva, N. Khlebova, N.
Kozlenkova, I. Potapenko, M. Polikarpova, V. Drobishev,
Bochvar Institute of Inorganic Materials.

Extremely high strength in microcomposite Cu-Nb wires is
associated with ultra-fine-scale microstructure. The
extended interfaces between ribbon-like niobium filaments
and copper matrix contain the areas of semi-coherent
interfaces that are apparently the main reason of significant
level of residual stresses observed in microcomposite Cu-
Nb wires. The analysis of non-equilibrity of such
microstructure has been done. The issue of stability of
nanostructured two-phase Cu-Nb materials in the form of
winding wires for pulsed magnets has been considered in
the present work. The results of measurements of
mechanical properties and electrical conductivity carried
out on the same samples after periods of time up to 7
years are presented. Different types of Cu-Nb
microcomposites with cross sections from 0.07 mm2 to 21
mm2 were investigated. It was shown that microcomposite
Cu-Nb  wires maintained essentially unchanged
combination of mechanical and electrical properties after
many years aging at room temperature. The analysis has
been done on the correlation of the mechanical and
conducting properties with microstructure.

MOA10R3

Coil design for non-destructive pulsed-field magnets
targeting 100 T

S. Zherlitsyn, A. Bianchi, T. Herrmannsdoerfer, J.
Wosnitza, S. Zvyagin, Hochfeld-Magnetlabor Dresden,
Forschungszentrum Rossendorf.

A new pulsed magnetic field facility is under construction at
the Forschungszentrum Rossendorf in Dresden that is
planned to be opened for external users in 2007. This
facility is placed near a free electron laser which offers
unique opportunity to perform infrared spectroscopy in
pulsed fields. In addition, further experimental techniques
such as resistivity, magnetization, specific heat, ultrasound,
and electron spin resonance will be available in pulsed
magnetic fields in the range of 60 — 100 T. The typical
pulse duration will be between 10 and 1000 ms with the
magnet bores from 20 to ~ 50 mm. The pulsed magnets
will be energized by a 50 MJ/24 kV modular capacitive



pulsed-power supply. The current status of the magnet
design and the magnet construction at the Dresden High
Magnetic Field Laboratory will be reported. In our newly
designed coils, so far we were able to reach pulsed
magnetic fields above 65 T in a non-destructive manner
built using regular copper wire reinforced by special
organic fiber (PBO). The pulse duration was in the range
between 20 and 50 ms. Different magnet failure modes
have been analyzed and possibilities for an improvement of
the magnet construction will be discussed. Numerical
simulations for the design of pulsed magnets include
analytical approximations and a finite element analysis
using commercial software ANSYS and FEMLAB. Some
numerical simulations of our pulsed magnets that ultimately
are planned to reach 100 T will be presented.

MOA10R4

The Pulsed field facility at HFML, commissioning and
first results

K. Rosseel, P.A.J. Dolron, U. Zeitler, J.A.A.J. Perenboom,
S.A.J. Wiegers, J.C. Maan, High Field Magnet Laboratory,
IMM, Radboud University Nijmegen.

To provide a large range of field strengths to outside users,
the 20 MW DC installation of the Nijmegen High Field
Magnet Laboratory (HFML) is complemented by a modular
2 MJ, 16 kV capacitor bank. In this contribution we report
on the steps taken to commission the pulsed field setup
and on the first results obtained with magnetotransport
experiments on GaAs/AlGaAs structures. We will review
the safety principles of the pulsed field installation, and
highlight the current return path philosophy. Extensive
short-circuit trials were performed to verify the safety of the
surrounding DC — 220V AC environment. Using a Zylon
reinforced soft copper wire wound coil a field of 54 T was
obtained in 23 mm bore; the field has a rise time of 38 ms
and a FWHH of 75 ms. It was found that oscillations of two
times the charging voltage can occur due to the LRC circuit
formed by the coaxial cable and the protection inductances
of the capacitor bank; it will be shown that an efficient RC
snubber can be dimensioned that will virtually eliminate
these oscillations. Hall measurements on a GaAs/AlGaAs
sample were successfully carried out; high performance
preamplifiers were applied close to the sample to mininize
pick-up and RC filter effects of the wiring. At this stage,
experiments have been performed down to 4.2K in a 3DES
system. Extension of the measuring capabilities to 3He
temperatures and on 2DES bilayer structures are in
progress.

MOA10RS5

Powering Coil-in Coil-ex systems combining DC and
Pulsed power supplies

J.A.A.J. Perenboom, K. Rosseel, P.A.J. Dolron, S.A.J.
Wiegers, J.C. Maan, High Field Magnet Laboratory, IMM,
Radboud University Nijmegen; P.H. Frings, Laboratoire
National des Champs Magnétiques Pulsés.

The highest non-destructive fields are provided by pulsed
field magnets. Monolithic coils are limited to 70-75 Tesla by
mechanical and thermal constraints. These limitations can
be circumvented through the use of multi-coil assemblies
as shown e.g. by the EU funded project ‘ARMS’. At the
HFML, pulsed field magnets can be energized using either
a 2 MJ, 16 kV capacitor bank or a state-of-the-art 20 MW
DC power supply in pulsed mode; each of these sources is
capable of delivering up to 20 kA under normal conditions.
This would allow coilin-coilex operation at fields above 80
T. Extensive short-circuit tests, flash-over tests and pulsed
mode operation have shown the viability of the concept.
Currents of up to 60 kA are adequately shorted by the
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crowbar circuitry designed to protect the DC installation
from a coilin to coilex short-circuit. A coilex field of 25 T
with a FWHH of 450 ms has been reached in a bore of 100
mm, with the ‘ARMS’ coil. To allow coilin-coilex operations,
firing of the DC pulse mode from the pulsed field software
will be implemented and a suitable coilin-coilex pair will be
designed and commissioned in collaboration with the
LNCMP, Toulouse.

MOA10R6

Development of a large bore long pulse magnet at GE
Global Research Center

L. Li, X. Huang, P. Thompson, T. Laskaris, K. Amm, R.
Ranze, A. Wu, GE Global Research Center.

A pulsed magnet wound with copper strips generating 3.5
Tesla in a 1.35 meter bore with inductive energy of 14 MJ
at the peak field has been developed, successfully tested
and used in the Global Research Center of the General
Electric company. The rise time of the 3.5 T pulse is 9.4
seconds and the total pulse duration is about 45 seconds.
The magnet is composed of 4 pancake coils in series, pre-
cooled with Liquid Nitrogen and powered by a 750 V, 8000
A DC power supply. This paper describes the design and
construction of the magnet, its power supply and control
circuit and the test results of the entire system.

PARALLEL SESSION
(Maestrale room)

LOW Tc SUPERCONDUCTORS

15:50 - 18:10

MOA20R1

Latest Improvement of Current Carrying Capability of
Nb3Sn

S. Hong, M. Field, J. Parrell, Y. Zhang, Superconducting
Tech, Oxford Instruments.

Practical very high field superconducting magnets are
exclusively built with Nb3Sn multifilamentary composites.
Over the last few years there have been significant
improvements in the current carrying capability of Nb3Sn
strand. These improvements offer possibility to build more
efficient and/or higher field strength magnets, and generally
advance the high field superconducting magnet
technology. The Nb3Sn composite requirements are
somewhat different depending on the application, such as
magnetically confined fusion, high energy physics
accelerators, and solenoids for NMR or laboratory
magnets. Hence the strands are designed differently for
specific applications. We will present the current status of
our Nb3Sn strand development efforts for these
applications, along with magnet results.

MOA20R2

Development and procurement of 7000 km of high-
current Nb-Ti superconducting cables for the LHC

D. Leroy, CERN.

The construction of the superconducting magnets for the
LHC machine has required the supply of 7000 km of
superconducting cables. The cables consist of 28 - 36 Nb-
Ti strands. The delivery of cables that arrived at completion
has made use of a large part of the worldwide production
capacity. Contracts have been placed with firms in Europe,
Japan and USA. The supply of Nb-Ti and the Nb materials
has been ordered by CERN. Ten contracts have been
placed according to a very demanding specification for an
activity which spread over 10 years. Before tendering and
placing the contracts, a long R&D programme has
combined studies at CERN and orders of finished cables of



significant length to industry. This approach has allowed
CERN to finalise the specification fulfilling the LHC
machine requirements and has given to the firms a way of
developing the industrial technology in order to optimize
the yield and, consequently, to offer the best price in
competitive tenders. The paper will include discussions: -
of the characteristics and innovations of the LHC cables, -
of the tools such as data bases and laboratory equipment
created for a close follow-up of the production, - and of the
encountered difficulties and the obtained contracts of the
highly sophisticated industrial products such as the LHC
superconducting cables.

MOA20R3

Measurement of critical current and
threshold of Rutherford-type Nb3Sn cables
G. Ambrosio, N. Andreev, E. Barzi, A. Zlobin, Fermilab; A.
Verweij, C-H. Denarie, CERN.

In the frame of a FNAL-CERN collaboration, Nb3Sn
Rutherford-type cables made of different wires (MJR, PIT
or RRP) have been assembled in the sample holder at
FNAL and tested at FRESCA (CERN). All cable samples
had a trapezoidal cross-section with 0.9-1 degree keystone
angle. The cables made of Modified Jelly Roll (MJR) or
Powder In Tube (PIT) wire had 28 strands with 1-mm
diameter. The cables made of Restacked Rod Process
(RRP) wire had 39 strands with 0.7-mm diameter. All
samples were tested at 4.3 and 1.8 K. Some samples were
tested at constant current in sweeping field in order to
characterize their stability. All samples showed signs of
instability at low fields and several voltage spikes were
detected and recorded. Critical current and instability
threshold measurements are presented and compared with
previous tests and with strand and magnet performances.

instability

MOA20R4

Measurement of Jc vs. Strain and Field on Nb3Sn
Industrial Wires and Nb3Al experimental wires up 21 T

D. Uglietti, B. Seeber, V. Abaecherli, R. Flukiger, University
of Geneva, Group of Applied Superconductivity; N. Banno,
Supercond. Mater. Center, NIMS.

The critical current has been measured as a function of
uniaxial tensile strain at fields up to 21T on two Nb3Sn
wires prepared by the Bronze and the Internal Sn
Technique, respectively, as well as on Nb3Al wires. Our
device is based on the concept of the Walters spring
(WASP), which allows to measure long wires (up to 80 cm)
and to obtain an absolute measurement of the strain value.
The long length of the conductors allows to measure the V-
| relation under strain over three decades of electric field
(down to 0.01 microV/cm). We show that the sharper
criterion gives a new insight on the reversible behaviour of
the Ic vs. strain curve as well as of the variation of the
exponential factor n under uniaxial tensile strain. The
Ic(B,epsilon) curves of the Nb3Sn wires have been fitted
using the models of ten Haken and of Ekin. The values of
the fitting parameters are discussed taking into account the
wires design: it was found that even if the value of the
upper critical field, Bc2, is comparable in both wires, the
slope of Jc versus strain is markedly different. Calculations
have been performed to explain the experimental results.
The above models have also been adapted to describe the
Ic(B,epsilon) behaviour in Nb3Al wires.

MOA20R5

Magnetization measurements of Nb3Sn wires for the
Next European Dipole (NED)

M. Greco, P. Fabbricatore, INFN-Sezione di Genova; C.
Ferdeghini, INFM, Universita di Genova; U. Gambardella,
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INFN-LNF.

The Next European Dipole (NED) activity is developing a
high-performance Nb3Sn wire (aiming at a non-copper
critical current density of 1500 A/mm2 at 4.2 K and 15 T),
within the framework of the Collaborated Accelerator
Research in Europe (CARE) project. In the frame of the
conductor development, magnetization measurements are
carried out in parallel and transverse field, from low to
fields as high as 10 T to qualify the conductor. Three Italian
facilities are involved: INFN-Frascati (dc magnetization
using a vibration sample magnetometer), INFM-Genova
(squid dc magnetization) and INFN-Genova (ac
magnetization). In particular, measurements at low fields
were performed to study magnetic instabilities (flux jumps)
in strands with high critical current density. Experimental
results, showing a correlation between instabilities at low
fields and the residual non-reacted niobium, are presented.

MOA20R6

Trial manufacture of a km class length of Cu cladding
RHQT Nb3Al flat-wire

K. Tagawa, T. Takeuchi, H. Kitaguchi, Y. lijima, N. Banno,
A. Kikuchi, NIMS; Y. Sakurai, G. Iwaki, Hitachi Cable, Ltd.
We have produced so far about a 400 m length of Cu
stabilized RHQT (rapid-heating, quenching and
transformation) Nb3Al flat-wire using a small-sized multi-
billet (10 kg). Although our goal is to make a 2.5 km unit
length of Cu cladding flat-wire for high-field NMR uses, an
attempt was made to fabricate a 1 km class unit-length of
conductor as a milestone of commercialization. A long-
length of precursor wire over 2.5 km was prepared by using
a large-sized multi-billet (50 kg). Results of two times of
RHQ operations and subsequent Cu-claddings over 1 km
would be presented.

PARALLEL SESSION
(Ponente/Levante room)

MAGNET DESIGN

15:50 - 17:40

MOA30R1

Towards integrated design and modeling of high field
accelerator magnets

S. Caspi, P. Ferracin, LBNL.

The next generation of superconducting accelerator
magnets will most likely use a brittle conductor (such as
Nb3Sn), generate fields around 18T, handle forces that are
3-4 times higher than in the present LHC dipoles with
stored energy that starts to make accelerator magnets look
like fusion magnets. To meet the challenge and reduce the
complexity, magnet designs will have to be more innovative
and better integrated. The recent design of several high
field superconducting magnets have now benefited from
the integration between CAD (e.g. ProE), magnetic
analysis (e.g. TOSCA) and structural analysis (e.g.
ANSYS). Not only is it now possible to address complex
issues such as stress along the magnet ends but the
analysis can be better detailed and extended into new
areas previously too difficult to address. Integrated thermal,
electrical and structural analysis can be followed from
assembly and cool-down through excitation and quench
propagation. In this paper we report on the integrated
design approach, discuss analysis results and point out
areas of future interest.



MOA30R2

The Inductive Coupling of the Magnets in MICE and its
Effect on Quench Protection

M.A. Green, LBNL; H. Witte, Oxford University Physics
Department.

The quench protection methods that result in safe
quenching of the MICE focusing and coupling magnets are
discussed The inductive coupling of various MICE magnets
with the other magnets in the MICE is described. The
consequences of this coupling on magnet charging and
quenching are discussed. Calculations of the quenching of
a magnet due quench back from circulating currents
induced in the magnet mandrel due to quenching of an
adjacent magnet are discussed. The conclusion of this
report describes how the MICE magnet channel will react
when one or magnets in that channel are quenched.

MOA3O0OR3

Comparison of 2-D Magnetic and Mechanical Designs
of Selected Coil Configurations for the Next European
Dipole

F. Toral, S. Sanz, CIEMAT; A. Devred, CEA-
Saclay&CERN; P. Védrine, H. Felice, CEA-Saclay; J.
Rochford, P. Loveridge, RAL; P. Fessia, CERN.
Withdrawn.

MOA30OR4

Effect of Magnetic Instabilities in Superconductor on
Nb3Sn Accelerator Magnet Performance

V.V. Kashikhin, A. Zlobin, Fermilab.

The performance of some superconducting model magnets
built and tested at Fermilab and elsewhere based on the
high-Jc state-of-the-art Nb3Sn strands suffered from
electromagnetic instabilities in the coil. These instabilities
led to a poor magnet quench performance and a significant
degradation of the magnet quench current. Detailed
theoretical and experimental studies of possible causes of
the limited magnet quench performance allowed correlating
it with the properties of superconducting strands and
cables used in the magnets and the magnet design
parameters. This paper reviews the recent progress in
Nb3Sn strand and cable instability studies and analyzes
the effect of magnetic instabilities in superconducting
strands and cables on the quench performance and field
quality of accelerator magnets of different designs. The
results are compared with the magnet test data obtained at
Fermilab and elsewhere.

MOA3O0RS5

Conceptual Design of the 12.5 T Superconducting
EFDA Dipole

A. Portone, E. Salpietro, EFDA-CSU Garching; L. Bottura,
CERN; P. Bruzzone, EPFL-CRPP; W. Fietz, R. Heller,
FZK; J-M. Rifflet,;, CEA-Saclay; J. Lucas, F. Toral,
CIEMAT; S. Raff, ITP FZK; P. Testoni, Electrical and
Electronics Eng. Dept., University of Cagliari.

Within the framework of the European Fusion Programme
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a design activity has been started in late 2004 by the EFDA
Close Support Unit at Garching (FRG) to design a 125 T
superconducting dipole magnet. The final goal of this
activity is to define a “minimum cost” and “minimum risk”
dipole to be built within the next 3 years by European
industries. The newly built magnet shall be hosted in one of
the existing cryogenic laboratories in the EU to test, in
particular, the full size conductor samples that shall be
produced during the ITER magnets procurement. As a
result of this study - carried out in cooperation with several
European laboratories - different concepts have been
analysed and optimised. All designs are based on the use
of high current density Nb3Sn strands (~ 2000 A/mm2 at
12 T/4.2 K). It is assumed that these strands can be cabled
either as Cable In Conduit Conductors (CICC) or as
Rutherford-type Cables (RC) and then wound as planar
racetrack, non-planar (saddle) or cosq coils. The aim of this
paper is to provide an overview of this study activity with
particular emphasis to the optimisation steps followed in
the design of each magnet concept. Four different types
are described: a planar CICC/RC-based coil, a saddle
CICC-based coil and a cosq RC-based coil. Each design is
described together with the salient optimization steps that
include electromagnetic, structure mechanic and thermo-
hydraulic analyses as well as different manufacturing
constraints.

MOA3O0OR6

Permanent Cyclotron Magnet

E. Antokhin, M. Kumada, JST/NIRS; S. Wasaka, AEC; T.
Fujisawa, NIRS; Y. Iwashita, ICR Kyoto University; S.
Matsumoo, AEC/Dokkyo University; Y. Matsuda, Osaka
Pref. University; |. Bolshakova, R. Holyaka, V. Erashok,
MSL.

Magnet for circular accelerator can be made as copper
normal conducting electromagnet or superconducting
magnet. The application of permanent magnet to the
accelerator in the past, however, was only a storage ring of
anti-proton at Fermilab. Here in this article we will report on
a design, construction and field quality of a permanent
magnet for a cyclotron application which can be used as a
isotope production such as FDG in Positron Emission
Tomography, s well as an injector of a cascaded
accelerator complex. The design energy of the cyclotron is
10 MeV. Due to an ingenious configuration of magnetic
circuit structure, a field strength can be varied froma 2.3 T
maximum field to zero. The built in switching off capability
of the magnetic field can make a field distribution
adjustment to get isochronous field easier. In order to make
a field mapping of the cyclotron magnet further efficient, a
very accurate field mapper of 48 sensors were specially
developed where a complete mapping of the magnet can
be done in 3 hours. Interleaving of particle tracking and
field shimming was done extensively. Temperature
dependence was studied carefully. All of these details will
be presented in the article.



PLENARY SESSION
(Maestrale room)

8:30 - 10:00

TUMPL1

The really giant accelerator magnets: magnetic guns
and rackets in deep space

Alvaro de Rujula, CERN.

Cosmic Rays were discovered almost 100 years ago. They
have been observed up to energies above 100 million TeV,
an awesome energy by our modest standards. The
mechanism accelerating Cosmic Rays is still debated, it
must be truly powerful, and is arguably very efficient.
Relativistic beams of ordinary-matter neutral plasma are
observed to be made by magnetized accreting black holes.
The corresponding acceleration mechanism is not
understood at all. | shall argue that these beams are
magnetized plasmas that accelerate the interstellar matter
they encounter by a very simple, purely "magnetic"
mechanism, which explains all properties of Cosmic Rays.
These neutral beams also "accelerate" the photons they
encounter by Compton scattering, a simple mechanism
that explains all properties of "gamma-ray bursts". Surely
Nature has a lot to teach us about the production of
magnets that are excellent accelerators.

TUMPL2

Superconducting materials for large magnet
applications

R. Flukiger, Dépt. Phys. Mat. Condensée (DPMC),
University of Geneva.

The current state of superconductors, including both, High
Tc and Low Tc materials, is discussed in view of large
magnet applications, i.e. magnets where the outer
dimensions exceed 1 meter. The largest magnets are
certainly the ATLAS magnet at CERN and the dipoles for
accelerators, e.g. LHC. Various large size magnets are
projected for future high field accelerator dipoles as well as
for fusion magnets, i.e Tokamak, poloidal and central
solenoid coils. Actually, the trend to NMR magnets
producing 21 T and more leads to magnets of a
considerable size, too. The field in industrial MRI magnets
(actually 2 to 3 T) tends to increase, thus leading to larger
sizes. With the availability of HTS superconductors, a new
kind of large magnets is being developed: generators and
motors (a ship motor of 36 MW is already under
construction). Each application requires a particular
superconducting material, but also a particular
configuration, taking into account mechanical and thermal
stability. In the present talk, a review is given of the
properties and the actual state of the known
superconducting materials, i.e. NbTi, Nb3Sn, Nb3Al, MgB2,
Bi-2212, Bi,Pb-2223 and YBCO Coated Conductors. The
overall critical current densities are reviewed as well as
their behaviour as a function of applied tensile strain and
transverse compressive stresses, which get more and
more important with increasing fields, i.e. under higher
Lorentz forces. Recent cost considerations are included. In
view of future applications, there is still room for
improvement in Nb3Sn wires, regardless of the technique
(Bronze route, Internal Sn Diffusion, Powder in Tube). In
MgB2 wires, the enhancement of both, irreversibility field
and thermal stability still constitutes a challenge. With the
future availability of longer length of Coated Conductor
tapes, a replacement of Bi based tapes can be envisaged
in a few years. The present state and future perspectives of
Coated Conductors are presented.
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PARALLEL SESSION 10:30 - 12:00
(Scirocco/Libeccio room)

FAULT CURRENT LIMITERS

TUM10OR1

1st Phase Results and Future Plan of DAPAS Program
Y-S. Jo, K-S. Ryu, M. Park, CAST.

At the end of July 2004 DAPAS (Development of the
Advanced Power system by Applied Superconductivity
technologies), which is the 10 year program, terminated the
1st phase among 3 phases. As the results of the 1st phase,
the meter length of coated conductor and the core
technologies of the distribution line voltage class HTS
power devices; cable, transformer, SFCL, and motor, were
developed. In this paper, the results of 1st phase and the
target of 2nd phase will be described. In case of HTS cable
project, a three-phase 50MVA/22.9kV class HTS cable of
30m length was developed and tested as the core
technology development for the commercialization of HTS
cable. And, the optimal design and manufacturing
technologies of HTS transformer were developed. There
were two kinds of SFCL developed during 1st phase
DAPAS program; the reactive type and the resistor type.
And, a 100hp class HTS motor was developed so that the
essential parts of technologies for the utilization of
superconducting motor could be obtained. Among the
coated conductor projects, the batch process using Co-
evap. And R2R process using PLD gave us meter-length
CC tapes. As the 2nd phase plan, the installation of HTS
cable to the real utility network is in progress and also the
alpha-prototype SFCL will be develop and install in the
HTS power devices field test facility. In case of motor
1MVA class will be develop in the 2nd phase. And, the
target of CC project is 100m length or more to supply
power applications.

TUM10OR2

Design and Test Results of 66 kV High-Tc
Superconducting Fault Current Limiter Magnet

T. Yazawa, Y. Ohtani, M. Sakai, H. Koyama, M. Ohtsuki,
M. Ono, M. Urata, T. Kuriyama, K. Nakamoto, N.
Tachikawa, Toshiba Corporation;, Y. Tokunaga, Tokyo
Electric Power Company; K. Inoue, Super-GM.

One of the items in the Super-ACE project is development
of a 66 kV high-Tc superconducting fault current limiter
(FCL) magnet. This paper describes the design of the
magnet and the test results obtained. The magnet mainly
consists of a vacuum vessel, a nitrogen bath, a pair of
current leads, cryocoolers, and six sets of coils wound with
Bi2223 tape. The rated current is 750 Ap. The insulation
voltage of the magnet is of the 66 kV class. In the final year
of the project, all six sets of the coils are set connected in
the cryostat and evaluation tests have been implemented.
In the cooling test, sub-cooled nitrogen of 65 K was
obtained, with homogenous temperature distribution in the
cryogen. The rated current of 750 Ap was successfully
obtained for both direct and alternating current tests. In
addition, the magnet passed the simultaneous current and
voltage application test. The dielectric test results showed
that the magnet satisfied the insulation for 66 kV apparatus
in the Japanese Electrotechnical Committee Standard
standard. Finally, the magnet was combined with a rectifier
bridge circuit to form an FCL. In a fault current limiting test
with a short-circuit generator, the FCL successfully limited
short circuit current up to 20kV applied voltage.



TUM1OR3

Development and Demonstration Test of 10.5KV/1.5KA
HTS Fault Current Limiter

D. Hui, L. Xiao, Z. Wang, J. Zhang, Z. Zhu, Institute of
Electrical Engineering, CAS.

A 10.5KV/1.5KA 3-phase HTS fault current limiter was
developed by IEE, CAS. This improved bridge-type SFCL
with 7.5mH HTS magnet is being test for demonstrated
long term reliable operation in a real 10.5KV substation
located in Hunan, China. It can limit first half cycle short
circuit current below 1200A, and can limit steady-state fault
current below 1000A for 1 second. After fault ceases, it can
reture to rated operation aotumatically.

TUM10R4

Design of LTS Coil used for the Combined Device
SMES-SFCL

G. Zhu, M. Song, Z. Wang, Electrical Engineering Dept.,
Tsinghua University.

Moved to MOA10PO16.

TUM1ORS5

The Design and Tests of a three-phase 10.5 kV/1.5kA
HTS fault Current Limiter

L. Xiao, Z. Wang, D. Hui, J. Zhang, C. Zhao, Z. Zhang, D.
Zhang, H. Li, L. Lin, Institute of Electrical Engineering,
CAS.

An improved bridge type superconducting fault current
limiter (SFCL) is proposed. The current limiter consists of
bridge rectifier, resistor and superconducting coil. At
normal state, the resistor is shunt off by GTO, and at fault
state, the GTO is switched off so that the resistor is
connected in series with the superconducting coil, limiting
the fault current. The improved bridge type SFCL can not
only restrict the peak value but also the steady value of the
fault current. A three phase 10.5 kV/1.5kA SFCL has been
installed at a substation in Hunan. The coils are 6 mH in
inductance and operated at 77 K. The test results show
that the short-circuit current was reduced to 1.5 kA from 17
KA.

PARALLEL SESSION
(Ponente/Levante room)

FIELD MAPPING

10:30 - 11:40

TUM20R1

Magnetic Measurement Techniques for the LHC

L. Bottura, M. Buzio, D. Cornuet, J. Garcia Perez, P.
Sievers, L. Walckiers, CERN.

Precise and efficient measurement of the magnetic field is
a mandatory step in the verification of the quality of the
production of the normal- and superconducting magnets for
the Large Hadron Collider (LHC), as well as a necessary
preparation to the commissioning of the accelerator.
Through the last years, and in anticipation of the series
measurement phase, we have pursued a strong R&D
program in magnetic measurement techniques. The
program was staged through proof-of-principle experiments
of various measurement concepts, the selection of the
most practical and efficient methods, the engineering
design and realisation of the instruments. We finally
profited from interaction and feed-back during the
measurement of the initial production, at a rate much lower
than the present production, to adapt the measurement
capability to the actual demands. In this paper we
document the rationale behind the present measurement
program and we give an overview of the magnetic
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measurement techniques selected, mainly, but not
exclusively, based on rotating coils. We summarise the
instrument capabilities by giving a concise description
complemented by exhaustive references, the estimated
accuracy and precision, the typical turnover and
availability, as well as cost figures for the instruments and
their operation. The ultimate aim is to provide a term of
comparison and a guideline of selection for future projects
of scope comparable to the LHC.

TUM20OR2

Measurements of the Field Quality in Superconducting
Dipoles at High Ramp Rates

A.K. Jain, J. Escallier, G. Ganetis, W. Louie, A. Marone, R.
Thomas, P. Wanderer, BNL.

Several recent applications of superconducting magnets
require the magnets to be operated at high ramp rates and
at frequencies of several Hertz. Brookhaven National
Laboratory (BNL) has recently designed and built
prototypes of superconducting dipole magnets that can be
ramped at a fairly high rate (1 T/s or more). In addition to
the ability to ramp fast, it is also crucial that the magnets
maintain good field quality, e.g., for accelerator
applications. Well established techniques exist to measure
the field quality of magnets under DC conditions. However,
the field quality at high ramp rates may be substantially
influenced by eddy currents induced in various magnet
components. In order to characterize the field quality of
these magnets at such high ramp rates, a new
measurement system consisting of 16 printed circuit
tangential windings has been developed. The coil system is
held stationary while the magnet is ramped. The induced
signals in all the windings are then analyzed to obtain the
field harmonics. This paper will describe techniques used
to overcome difficulties with some early measurements
with this system, and present the results of measurements
at different ramp rates in the prototype dipoles built at BNL.

TUM20OR3

A Fast Continuous Magnetic Field Measurement
System Based on Digital Signal Processors

G.V. Velev, R. Carcagno, S. Kotelnikov, A. Makulski , R.
Nehring, J. Nogiec, D. Orris, FNAL; D. Maroussov, CERN;
O. Poukhov, F. Prakoshyn, JINR, Dubna.

In order to study dynamic effects in accelerator magnets,
such as the decay of the magnetic field during the dwell at
injection and the rapid so-called “snapback” during the first
few seconds of the resumption of the energy ramp, a fast
continuous harmonics measurement system was required.
A new magnetic field measurement system, based on the
use of digital signal processors (DSP) and Analog to Digital
(A/D) converters, was developed and prototyped at
Fermilab. This system uses Pentek 6102 16 bit A/D
converters and the Pentek 4288 DSP board with the
SHARC ADSP-2106 family digital signal processor. It was
designed to acquire multiple channels of data with a wide
dynamic range of input signals, which are typically
generated by a rotating coil probe. Data acquisition is
performed under a RTOS, whereas processing and
visualization are performed under a host computer.
Firmware code was developed for the DSP to perform fast
continuous readout of the A/D FIFO memory and
integration over specified intervals, synchronized to the
probe's rotation in the magnetic field. C, C++ and Java
code was written to control the data acquisition devices
and to process a continuous stream of data. The paper
summarizes the characteristics of the system and presents
the results of initial tests and measurements.



PARALLEL SESSION
(Maestrale room)
CHALLENGING CONSTRUCTION OF LARGE
COILS

10:30 - 12:00

TUM3OR1

Series production of challenging superconducting
magnets. The experience of W7X non planar coils and
LHC dipoles

F. EyBelein, P. Lublow, W. Gértner, E. Theisen, H.
Schmidt, H. Scheller, P. Walter, E. Knoke, Babcock Noell
Nuclear GmbH.

By the end of 1998, Babcock Noell Nuclear (BNN) as part
of the Consortium Wendelstein was awarded with the
fabrication of the non-planar modul field coils for the
Wendelstein 7-X experiment to be built at Greifswald. In
1999 and 2002, BNN received orders for the production of
LHC dipoles to be installed at CERN. Both projects are
performed in parallel; therefore challenging tasks had to be
solved not only from a technical but also from an industrial
point of view. We present the solutions we found for the
set—up of the production facilities, which include the
development of tools suitable for series production and the
recruitment of capable staff. An overview of the different
production steps for both magnet types will be given as
well as an outline about the quality measures that has been
established. As in total 416 dipoles and 50 non—planar coils
consisting of a lot of high—quality components are
fabricated, logistics within the company and the consortial
partners as well as to subsuppliers is an issue, too. Both
types of magnets are on the forefront of what is technically
feasible. Therefore feedback from test results and possible
improvements of the fabrication processes are always an
issue. Besides that, technical changes introduced for
knowledge gained only at a later stage of the project had to
be introduced in the fabrication process. We will
summarise the present status of the fabrication and
present some recent results of performance tests for both
projects.

TUM3O0R2

Application of learning curve analysis to the LHC Main
Dipole Production

P. Fessia, S. Krog-Pedersen, L. Rossi, CERN.

Almost half of the LHC Main dipole has been delivered by
the 3 companies in charge of the production. The training
of the staff on the job and the natural improvement of the
procedures with the acquired experience are the main
factors that have driven the natural decrease of the time
necessary for the assembly of a unit. The aim of this paper
is to apply methodologies, as the cost based learning
curves and the time based learning curves, to the LHC
Main Dipole production. Finally the estimated learning
percentage to the ones experienced in other industrial
processes.

TUM3OR3

The GO Spectrometer Superconducting Magnet
System: From a challenging construction to reliable
operations

P. Brindza, Thomas Jefferson National Accelerator Facility;
D. Beck, K. Nakahara, D. Spayde, S. Williamson,
University of Illinois Urbana-Champaign, T.A. Antaya,
M. Trepanitis, T. Brandsberg, BWXT.

We report on the design, fabrication, commissioning and
operation of a large superconducting magnet system that is
an important element of the 8 sector super conducting
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toroidal GO Spectrometer located at the Jefferson Lab in
Newport News, VA. The purpose of the GO experiment is
the high precision measurement of polarized electron
scattering by protons to isolate the strange quark content of
normal baryonic matter by observing parity violation
caused by the weak interaction. The GO spectrometer has
been operating for three years and first results are
published. The GO SC torus is 4 meters long and 4 meters
outside diameter and produces 3 Tesla in the 8 gaps that
are accessible to particles. To accomplish this required in
part the development of an 8 sector superconducting
magnet with a number of challenging large scale features
including: large total open solid angle, high sector-sector
field symmetry, the symmetry axis aligned perpendicular to
gravity, the location of the liquid hydrogen (proton) target
on axis in the magnet cryostat, and large surface area but
thin titanium exit windows on one end of the cryostat. The
cryostat consists of a super-alloy welded low permeability
stainless steel shell (to minimize magnetization effects) and
aluminum end caps. The 8 superconducting coils have
unique characteristics including dry pancake wound copper
stabilized NbTi conductors, encased in aluminum structure,
mechanically preloaded and indirectly cooled by a set of
parallel thermo siphon circuits. This magnet was built by
BWXT under a fixed price performance contract that
included fabrication to an ideal cold current distribution in
space. The GO Torus has been operating reliably for three
years now at JLAB. The commissioning and operations will
be discussed.

POSTER SESSION 13:30 - 15:30
MgB2 COILS & NEW DEVELOPMENTS

TUAO01POO1

Compact design of cryogen-free HTS magnet for
laboratory use.

L. Kopera, P. Kovac, T. Melisek, Institute of Electrical
Engineering, Slovak Academy of Sciences.

A compact high-temperature superconductor (HTS)
magnet cooled by a single stage G-M cryorefrigerator was
designed, manufactured and tested. The arrangement of
the magnet was optimized to maximize cooling efficiency of
the Bi2223/Ag winding and minimize heat generation by
eddy current losses during high-speed excitation. To
achieve wide angular access and good magnetic field
homogeneity in the magnet centre a split-pair coil
configuration was used. Maximum magnetic field in the
magnet centre is 1.8 T @ 15 K, inner diameter of the
magnet is 50 mm, outer diameter is 98 mm and total width
of the magnet winding including 14.2 mm gap is 72 mm.
Performance of the magnet was tested also at liquid
Nitrogen, sub-cooled liquid Nitrogen and liquid Helium
temperatures. Experimental results agree well with the
magnet parameters obtained by FEM simulation.

TUAO01POO02

Design and test results of a 4T Bl -2223 coil.

R. Quarantiello, M. Ariante, V. Cavaliere, M. Cioffi, G.
Masullo, A. Matrone, E.Petrillo, CRIS; M. Bocchi, L. Martini,
V. Rossi, CESI.

In the framework of an Italian research project regarding
the assessment of the performance of HTS conductor tape
for high field magnet purpose, a 4T Bi2223/Ag coil with
50mm-bore has been designed and manufactured at CRIS.
Magnetic field and quench analysis has been developed
and results are shown. The double-pancake configuration
was chosen in order to avoid damage of tape. The critical



current of each double-pancake has been measured at
77K, in order to choose the best pancakes for assembling
in higher magnetic field region. The magnet has been
tested at 4.2K with a current of 163 A in a liquid helium
bath, in a background field of 3 T for a total field of 7 T. In
collaboration with CISE, magnet tests are in progress by
using 65K sub-cooled liquid nitrogen and 27K liquid neon
baths.

TUAO01POO3

Test of a Variable-Field-Direction Superconducting
Magnet

S. Matsumoto, T. Kiyoshi, NIMS

Withdrawn.

TUAO1POO4

A Solid-Nitrogen Cooled High-Temperature
Superconducting Magnet for use in

Magnetohydrodynamic Marine Propulsion

P.W. Hales, H. Jones, Oxford University; S. Milward, S.
Harrison, Space Cryomagnetics Ltd.

A small high-temperature superconducting (HTS) magnet
has been produced as part of a magnetohydrodynamic
(MHD) propulsion unit to power a model boat. The magnet
is wound from 6 pancake coils of Bi-Sr-Ca-Cu-O HTS tape
(BSCCO-2223), and is conduction cooled using an
onboard “thermal battery”, containing 3 litres of solid
nitrogen. The magnet is racetrack shaped, and aluminium
electrodes are placed along the straights of the magnet to
pass an electric current through the saltwater,
perpendicular to the magnetic field. Power for the magnet
and the electrodes is provided by onboard sealed lead acid
batteries, resulting in a fully ‘stand-alone’ magnet system,
capable of up to 1.25 hours of continuous operation on one
battery pack. This system was integrated into a model boat
hull (approx. 1.2m long x 0.6m wide), which was
successfully launched on 29th March 2004 at the Culham
Science Centre in Abingdon, England. A top speed of
~3cm/sec was reached during the first trial.

TUAO1POOS5

Properties of a YBCO pancake coil operating with AC
current at frequencies up to 1000 Hz

M. Polak, E. Demencik, L. Jansak, Institute of Electrical
Engineering - Bratislava; P. Barnes, Air Force Research
Laboratory, Wright-Patterson AFB; G. Levin, National
Research Council, Wright-Patterson AFB; C. Thieme,
American Superconductors Corporation.

A small pancake coil wound using ~1.2m of YBCO coated
conductor 10 mm wide and impregnated by epoxy resin
was measured and tested. In the DC regime, we measured
the I-V curve of the coil, the hysteresis of the magnetic
field-current curve at liquid nitrogen temperature and the
radial component of the coil field at the coil edges. AC
losses in the frequency range from 100 Hz up to 1000 Hz
at 77 K and at temperatures down to 66 K were also
measured. The frequency dependence of losses and
critical currents of a short sample at 77 K were also
measured and compared with those for the coil.

TUAO01POO6

Coils made from Monfilamentary and multifilamentary
MgB2 strand

M.D. Sumption, M. Bhatia, F. Buta, S. Bohnenstiehl, E.
Collings, LASM, MSE, Ohio State University; M. Tomsic, J.
Phillips, Hyper Tech Research.

Three solenoidal coils have been wound and with MgB2
strand and tested for transport properties. Each coil was
wound with a different strand. The first was a
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monofilamentary strand with a pure Cu sheath, while the
second and the third were seven filament strand with Nb-
reaction barriers, Cu stabilization, and an outer monel
sheath. The wires were first S-glass insulated, then wound
onto an OFHC Cu former. The coils were then heat treated
(HT) at 675/30, 700C/20 min, and 700/20, for the first,
second, and third coils, respectively. Smaller (1 m)
segments of representative strand were also wound into
barrel-form samples and HT along with the coils. After HT
the coils were epoxy impregnated. Transport Jc
measurements were performed between various pairs of
taps along the coil lengths. Measurements were made
initially in liquid helium, and then by conduction cooling as
a function of temperature up to 30 K. Homogeneity of
response along the coils was investigated and a
comparison to the short sample results was made. The coil
contained more than 100 m of 1.0 mm OD strand for first
coil and 0.8mm OD strand for the second and the third coil.
The 7 strand coil reached 222 A at 4.2 K, self field, with a
Jc of 300 kA/cm2 in the SC and a winding pack Je of 23
kA/cm2. At 20 K the critical current density values were
175 kA/cm2 and 13.4 kA/cm2. Magnet bore fields of 1.5 T
and 0.87 T were achieved at 4.2 K and 20 K, respectively.

TUAO01POO7

A 0.6T/600 mm RT Solid Nitrogen Cooled MgB2
Demosntration Coil for MRI - A Status Report

J. Bascunian, H. Lee, E. Bobrov, S-Y. Hahn, Y. Iwasa, MIT-
Francis Bitter Magnet Laboratory; M. Tomsic, M.
Rindfleisch, Hyper Tech Research Inc.

Aiming to demonstrate feasibility and practicality of a low
cost superconducting MRI magnet system targeted for use
in small hospitals, rural communities and underdeveloped
countries, the MIT-Francis Bitter Magnet Laboratory has

developed a 0.6T/600 mm room temperature
demonstration coil wound with multiflament MgB2
conductor and cooled via an innovative cryogenic

design/operation. The coil is to be maintained cold by solid
nitrogen which in turn is solidified by a cryocooler. In the
event of a power failure the cryocooler is automatically
thermally decoupled from the system. In this paper we
present details of the MgB2 conductor, winding process,
and preliminary test results of the current-carrying
performance of the conductively cooled coils in zero
background field and over the 10 — 30 K temperature
range.

TUAO01POOS8

Relaxation of trapped magnetic field in 100m-long
class MgB2 solenoid coil in persistent current mode
operation

M. Takahashi, K. Tanaka, M. Okada, HRL, Hitachi, Ltd.

We succeeded in the persistent current mode operation of
100m-long class MgB2 solenoid coil with persistent current
switch (PCS). The coil was fabricated using metal-
sheathed MgB2 mono-core wires and using Wind & React
process (heat treatment at 938K for 3600s). MgB2 wires
were produced applying the in-situ PIT method consisting
Mg and amorphous B powders. The PCS was fabricated
with Cu-30wt%Ni sheathed NbTi multiflamentary wires.
We confirmed the ability to trap 0.67T magnetic field with
persistent current of 53.8A. From the relaxation of
persistent current up to 28800s, relaxation times were
estimated to be t > 15000s,showing resistance in overall
current loop below 10-9 V/A. The average rate of magnetic
relaxation was 7.5%10-5/h with inductance L of 8mH.



TUAO1POO09

Feasibility of Hydrogen Cooled Superconducting
Magnets

Y. Makida, H. Hirabayashi, T. Shintomi, KEK.

It looks feasible to realize hydrogen cooled
superconducting magnets with HTS and MgB2 conductors.
As is well known, hydrogen is an excellent refrigerant for
cooling at the temperature range within 15 to 20 K. It can
be applied to HTS and MgB2 superconducting devices. In
the above temperature range, for example, HTSs have
higher performance than in liquid nitrogen at around 77 K.
Another possibility is that newly developed MgB2
conductor will become applicable to such devices with
liquid and slush hydrogen cooling. Following our previous
paper [1], in which accelerator and beam line magnets with
MgB2 are discussed, feasibility of hydrogen cooled
superconducting magnets in other fields is examined.
Characteristics of liquid and slush hydrogen for these
applications are summarized from the view point of
environment and safety control. Utilization of evaporated
hydrogen for Fuel Cells (FC) and a energy grid system are
also breifly mentioned.

TUAO1PO10

MgB2 coils for particle accelerators

R. Musenich, S. Farinon, M. Greco, INFN-Sezione di
Genova,; G. Bellomo, M. Sorbi, G. Volpini, INFN-Milano,
LASA.

Soon after the discovery of the superconducting properties
of MgB2, long lengths of wires became available opening
the way to the construction of cryogen free magnets. The
limit of magnesium diboride was the low irreversibility field
which limited the possible applications to low field magnets
like the ones for MRI. SiC doping of MgB2 enhances the
irreversibility field to values in the order of 20 T. The
present status of art of wires allows the design of magnets
for several applications which can be competitive with
iron/copper ones. In this work a tentative design of a MgB2
coil for application to particle accelerators is presented.

TUAO01PO11

The potential application of MgB2 superconducting
magnets in space

M. Alessandrini, H. Fang, K. Salama, Department of
Mechanical Engineering and Texas Center for
Superconductivity University of Houston.

The intermetallic superconductor magnesium diboride
(MgB2) has emerged as a strong candidate for
superconducting wires and tapes owing to its relatively high
transition temperature of about 40 K, almost more than
double of Nb-based superconductors that are currently
used as superconducting magnets. Among HTS, its
coherence length is relatively long of about 5 nm that
keeps the intergrain coupling from being a major
impediment. Recent enhancement of both the upper critical
field and the irreversibility field up to 20 — 30 T through
alloying suggests that this compound can even be utilized
at very high magnetic fields and at the temperature above
20°K, a temperature range at which it is reasonable to
foresee the use of liquid hydrogen. Moreover, the low mass
density of MgB2 makes it the ideal candidate for lightweight
superconducting magnets that are pivotal for space
applications. Significant progress in the processing of
MgB2 tapes and wires has been achieved at the University
of Houston. We have developed a modified powder-in-tube
process to fabricate MgB2 wires and tapes by using an
ultra-fine sized precursor prepared by high-energy ball
milling. Several 10-meter long wires and tapes with JC,
measured at 20°K, over 300 KA/cm2 at self-field and 100
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KA/cm2 at 1.5 T, respectively, have been successfully
manufactured. More important, the conductors fabricated
using this method possesses a high core density of 2.55
g/cm3, very close to its theoretical value. We have also
successfully manufactured several coils with different
diameters and turns using the aforementioned wires and a
winding-reaction process. Superior current carrying
capability has been observed on a small size coil with a
diameter of 12 mm and 12 turns. At 1 Tesla, the critical
current is 159 A at 20°K, 110 A at 25°K, and 51 A at 30°K.
This coil carries more than 1000 A at 4.2°K and self-field.
For a large size coil with 14 cm diameter and 10 turns, the
critical current density is 20 KA/cm2 at 6 Tesla and 4.2 K.
At 20 K and self-field, the critical current density is 200
KA/cm2. We also demonstrated that the field dependence
of MgB2 wires and tapes can further enhanced by
introducing structural and chemical defects. These results
reveal the promising of MgB2 wires and tapes for large-
scale space applications.

POSTER SESSION
LOW Tc SUPERCONDUCTORS (I)

13:30 - 15:30

TUAO2POO01

Stability Increase of NbTi Conductors Doped with
Extremely Large Specific Heat Substances

V. Keilin, P. Alekseev, E. Kostrov, I. Kovalev, S. Kruglov, V.
Lazukov, |. Sadikov, Kurchatov Institute; |. Akimov, M.
Medvedev, A. Shikov, Bochvar Institute.

The comparative study of stability increase of NbTi
conductors doped with extremely large specific heat
substances (CeCu6 and HoCu2) was carried out. The short
samples were made as follows. Mono- & multi- filamentary
wires 0.85 mm dia with copper matrix and filaments made
of CeCu6 and HoCu2, prepared by metallurgical methods,
were soft-soldered to NbTi multiflamentary wire of the
same diameter. For comparison the samples made of NbTi
wires soft-soldered to a copper wire were used. The
samples were placed in a perpendicular magnetic field and
subjected to electromagnetic disturbances of different
duration. The tests were carried out both in practically
adiabatic conditions, and in well-cooled ones. It was shown
that the stability of the doped samples is much larger than
that of the samples without doping. Quantitatively the gain
depends mainly on the disturbance time duration and
cooling conditions. The tested samples can be considered
as one of the possible prototypes of long-length
superconductors with enhanced stability for practical
windings.

TUAO2P0O02

Production review of 85 km of Al-Stabilized NbTi Cable
for the ATLAS Toroids

G. Volpini, G. Baccaglioni, G. Cartegni, D. Pedrini, INFN-
Milano, LASA; E. Baynham, RAL; C. Berriuad, CEA; B.
Blau, I. L. Horvath, ETH Zurich; H.H.J. ten Kate, CERN.
The production of the conductor for the superconducting
toroids of the ATLAS Experiment at the LHC (CERN) was
successfully completed. The toroid system, comprising one
Barrel Toroid (BT) and two End Cap Toroids (ECTs)
operating at 20.5 kA and with 1.5 GJ stored energy,
exploits aluminium-clad Rutherford-type NbTi conductors of
very large size (57x12 mm2 for the BT; 42x12 mm2 for
ECTs) and high critical current (58 kA for BT and 60 kA for
ECTs @ 4.2 K, 5 T). Some 56 km of conductor were
required for the BT, 26 km for the ECTs, and 3 km for the
B0 model magnet. The whole production was equally split



between a German company and an Italian-Swiss
consortium. The unusual large scale of this manufacture,
the amount of material produced and the presence of two
suppliers call for a systematic comparison of the conductor
properties along the whole production, in terms of critical
currents, degradation after cabling and extrusion,
aluminium matrix RRR and bonding with the Rutherford
cable. The main result is the confirmation that the
technologies selected and the whole process are reliable
and reproducible over large production quantities. Before
starting the production, concerns were raised about
reliability of the extrusion of the conductors of
unprecedented length; for this reason a special technique
was qualified to repair cables damaged during the
extrusion. Only 3 out 67 extrusions failed, and in two cases
out of three it was possible to repair and exploit the
damaged units.

TUAO2POO03

Development and test of a miniature novel Cable-In-
Conduit-Conductor for use in fast ramping
accelerators with superconducting magnets

V.E. Sytnikov, V.S. Vysotsky, A.V. Rychagov, A.V. Taran,
Cable Institute of Moscow G. Moritz, M. Kauschke, E.
Fisher, GSI; S.A. Egorov, Y.l. Rodin, Efremov Institute; L.
Bottura, CERN; M.N. Wilson Consultant.

Superconducting magnets for future accelerators, such as
the SIS 100 ring at GSI, Darmstadt or a superconducting
injector at the LHC, require that the magnetic field is pulsed
with high repetition rate and high reliability over periods of
several years. Only a special conductor design can achieve
this challenging task with reasonable compromise between
performance and cost. Recently, a novel design of such a
conductor was suggested. It will use the well known and
proven CICC technology. This new design looks very
attractive, with several possible advantages, such as
increased conductor stability margin and better mechanical
rigidity of the conductor. To verify design ideas and to
optimize the design from the viewpoint of current carrying
capacity, AC losses, cooling, pressure drop, and quench
protection, an R&D project has been started by a
consortium consisting of two Russian and two European
Institutes, funded by INTAS. In this paper the results of the
technology development and tests of the first sample of the
novel CICC are presented and discussed. The miniature
CICC sample consists of thirty 0.5 mm NbTi strands inside
a conduit with an outer diameter of 6.4 mm and has a
projected operating current not less than 6 kA. Comparison
of the novel design with the similar conductors is
presented.

TUAO2PO04

Critical current studies on deformed LHC-type strands
V. Previtali, T. Boutboul, D. Leroy, L. Oberli, CERN.

The NbTi superconducting conductors used in LHC dipole
and quadrupole magnets are Rutherford cables composed
of several tens of strands. During the cabling process, the
strands are severely compacted especially at the thin edge
of the cable. In order to assess, on the whole wire length,
the deformation effect on the transport current of the wires,
LHC type NbTi superconducting strands of various types
were flattened by means of rollers. The critical current was
then measured as a function of deformation degree and
applied magnetic field at both 4.3 K and 1.9 K. The
measurements were performed for both orientations (flat
face perpendicular or parallel to magnetic field). For
serious flattening, a critical current density degradation
reaching several tens of percent was achieved in the case
of perpendicular orientation. The critical current density
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anisotropy of such deformed strands and correlation with
magnetization effects are discussed.

TUAO2POO05

Critical current density in superconducting NbTi
strands in the 10 mT to 8 T applied field range

T. Boutboul, S. Le Naour, D. Leroy, L. Oberli, V. Previtali,
CERN.

The knowledge of the critical current density in a wide
temperature and applied magnetic field range is a crucial
issue for the design of a superconducting magnet,
especially for determining both current and temperature
margins. The critical current density of LHC type NbTi
strands of 0.48 mm diameter was measured by means of
critical transport current and magnetization measurements
at both 4.3 K and 1.9 K and for a broad magnetic field
range (up to 8 T). For the magnetic field range common to
both measurement methods, critical current density values
as extracted from transport current and from magnetization
data are compared and discussed in this work. Our
experimental data are compared to other sets from
literature and scaling laws as well.

TUAO2POO06

Residual Resistivity Ratio (RRR) measurements of LHC
superconducting NbTi cable strands

Z. Charifoulline, CERN.

The Rutherford-type superconducting NbTi cables of the
LHC accelerator are currently manufactured by six
industrial companies. As a part of the acceptance tests, the
Residual Resistivity Ratio (RRR) of superconducting
strands is systematically measured on virgin strands to
qualify the strands before cabling and on extracted strands
to qualify the cables and to check the final heat treatment
(controlled oxidation to control interstrand resistance).
More than 12 thousands samples of virgin and extracted
strands have been measured during last five years. Results
show good correlation with the measurements done by the
companies and reflect well the technological process of
cable production (strand annealing, cabling, cable heat
treatment). This paper presents a description of the RRR-
test station and the measurement procedure, the summary
of the results over all suppliers and finally the correlation
between RRR-values of the cables and the magnets.

TUAO02P0O07

Production of superconductor for the LHC low-beta
quadrupole MQXA

S-1. Meguro, I. Inoue, A. Kimura, M. Higuchi, A. Takagi,
The Furukawa Electric Co., Ltd.; A. Yamamoto, K.
Tsuchiya, KEK.

In the framework of a collaboration between KEK and
CERN, KEK undertook to supply half of the high
performance superconducting quadrupoles for the inner
triplets of the low-beta insertions. Following a design and
development stage at KEK, a series of twenty of these
magnets, designated type MQXA, has been produced in
industry and tested at KEK. Furukawa was entrusted with
the supply of the 7.4 t of superconducting cable used in this
project. The 11 mm wide Rutherford cable was of two
types, made from two sizes of wire strand of
multifilamentary NbTi in a copper matrix. The specifications
of the conductors were established following in-depth
discussion between KEK and Furukawa, and take into
account the requirements of the accelerator magnet and
the means available for quality control. In this paper we
describe the manufacturing and quality control processes
and present the results of measurements made on
samples throughout the production, together with relevant



statistical analysis.

TUAO02PO0S8

Annealing effect on microstructure and
superconducting properties of the V-based Laves
phase superconducting wire synthesized by a RHQ
process

Y. Hishinuma, A. Nishimura, NIFS; A. Kikuchi, Y. lijima, Y.
Yoshida, T. Takeuchi, NIMS; K. Inoue, University of
Tokushima.

Nuclear burning plasma reactors require high magnetic
field to confine the D-T plasma and maintain the fusion
reaction. A lot of fast neutrons are generated by D-T fusion
reaction. V-based superconducting materials are
interesting as a high field conductor for fusion reactor,
because they show neutron irradiation resistance and low
activation in the fusion neutron irradiation environment
compared with Nb-based superconducting wires. We have
studied V-based Laves phase compound multifilamentary
superconducting wire using the Rapidly Heating and
Quenching (RHQ) process and the simple precursor (Hf-Zr
mixture powder/V matrix composite) in order to improve
both workability and superconducting property. Recently,
we reported that the reaction layer within 10 micron was
formed between powder mixture filament and V matrix after
the RHQ process, and then offset Tc values of as-
quenched and post-annealed samples were showed
around 8.0 K up to 4.0 J/mm3 of heating energy density
during RHQ process. The transport Jc values of samples
post-annealed at appreciate temperatures for 10h were
increased remarkably compared with as-quenched
samples, and then Hc2 value calculated by Kramer's
formula was increased from 14 T to 16 T by additional
annealing. In this paper, the post-annealing effect on both
microstructure and Jc-B property after RHQ process was
investigated.

TUAO2PO09

Test of superconductor of BESIIl Magnet

Z. Zhu, L. Zhao, S. Huang, J. Zhou, H. Yang, J. Hu, Z.
Hou, C. Yi, IHEP, Academia Sinica; Q. Xu, Technical
Institute of Physics and Chemistry, CAS.

Withdrawn.

POSTER SESSION
MAGNET DESIGN (II)

13:30 - 15:30

TUAO3POO1

3D Analysis of Stress Distribution in Force-Balanced
Coils

H. Tsutsui, S. Nomura, S. Tsuji-lio, R. Shimada, Tokyo
Institute of Technology.

Distributions of stress in force-balanced coils (FBCs) for
the superconducting magnetic energy storage (SMES) are
analyzed numerically by an element-free Galerkin method.

Recently, we had developed the FBC concept using the
virial theorem, and derived a winding pitch of helical coils
as a function of a coil aspect, where a distribution of stress
is nearly uniform and working stress is minimized. A coil
with the winding pitch were named as a FBC with the virial-
limit condition or simply a virial-limit coil (VLC), and its
excellent characters of stress were confirmed by
experiments of a two-layered helical coil which can
simulate arbitrary winding pitch numbers. Measurements of
distributions of stress on the winding form of the coil proved
that a minimum working stress and uniform stress were
achieved under the VLC condition. Although stress
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distributions in a FBC were investigated by the finite
element method (FEM) in the previous work, a complicated
structure of FBC requires huge computer resources and
restricts detail calculations. In this work, detailed
distribution of stress in a FBC are evaluated by an element-
free Galerkin method and compared with the experiments.

TUAO3P0O02

Laminar Windings

E.Y. Klimenko, ISSSPh, RRC "Kurchatov Institute"; E.
Polulyakh, TRINITI, Troitsk.

Withdrawn.

TUAO3POO03

Study on an HTS Coil
Performance Improvement
S. Ishiguri, M. Yamaguchi, S. Fukui, J. Ogawa, T. Sato,
Niigata University.

It is in particular of importance for HTS coils to secure a
larger central magnetic field, a large stored energy, etc.
with shorter length of HTS tapes. The critical current of an
HTS tape depends on both the flux density and the flux
angle with respect to tapes. In view of this, the
performance improvement of HTS coils is taken into
account with an analytical model. As a coil shape, the
minimum volume coil derived from the Fabry Factor
constant curve is taken up, which is often employed at low
temperature coils. It is necessary to analyze the critical
current of a high temperature superconducting coil in order
to design the optimal cross section of the coil. Therefore
authors measured the critical current and n value of Bi-
2223/Ag tapes at 77 K. Fitting equations of the critical
current and n value concerning any flux density and flux
angle are obtained from the measured tape data. The
current performance of a high temperature
superconducting coil can be analyzed with these fitting
equations. The electric field at the critical current is
calculated in the cross section of the coil and the high
electric field portions are taken off. As a result of this, the
critical current and stored energy density of the coil are
improved. The optimal coil cross section can be obtained
by iterating the above calculation process.

Cross Section for the

TUAO3PO04

Design, Numerical Analyses and Test of a 0.1 MJ SMES
with Low Stray Field

Z.K. Wang, Z. Dong, Institute of Electrical Engineering,
CAS.

A 0.1 MJ Superconducting Magnetic Energy Storage
(SMES) is designed with low stray field by FEM. By
applying a shield magnet, the stray field of SMES is
reduced effectively. By analyzing the magnetic field of
magnet, equipotential line, distributions of magnetic flux
density are obtained. The SMES magnet is tested in the
liquid helium and the calculated results and the measured
results are compared. Based on above analyses, a design
scheme, which has both acceptable technical performance
and low stray field, is derived.

TUAO3POO5

Electromagnetic System of the KTM tokamak

A.B. Mineev, A. Alexeev, E. Bondarchuk, E. Cherdakov, V.
Korotkov, S. Krasnov, Y. Krivchenkov, A. Malkov, V.
Yakubovski, D.V. Efremov Institute (NIIEFA); E. Azizov,
Trinity Institute, Moscow.

The KTM magnet system consists of 20 Copper Toroidal
Field (TF) Coils, 6 Poloidal Field (PF) Coils, a Central
Solenoid (CS), 2 Feedback Control Coils and Support
Structures. The TF coils produce a toroidal magnetic field



of 1.0 T at the major radius 0.9 m, while CS and PF
produce poloidal magnetic field, adequate for the plasma
with nominal current 0.75MA and elongation k=1.7 . Each
TF coil consists of 4 turns and has two dismountable joints
(upper and lower). All PF coils are carried by outer
supporting frame. This paper describes evolution of design
solutions for the TF coil dismountable joints, and details of
the TF and PF coils winding, insulation, supports and
terminals. The supporting scheme is designed to withstand
without damages all the EM loads at the normal and
abnormal operating conditions, including various plasma
disruptions and vertical displacement episodes (VDE's)
with either symmetric or asymmetric distribution of the Halo
current. The peak Halo current is assumed 0.35 MA

TUAO3POO06

A New Robust Design Method for High-Field and
Highly Homogenous Superconducting Magnets Using
an Immune Algorithm

F. Campelo, S. Noguchi, H. Igarashi, Hokkaido University.
When designing high-field superconducting magnets, such
as nuclear magnetic resonance (NMR) equipment, one is
often interested in using the minimum winding volume, in
order to reduce the construction costs. On the other hand,
a highly homogenous, highly regulated magnetic field is a
crucial requirement for a good performance. Moreover,
small variations in the design parameters, such as the radii
or thickness of the coils, are unavoidable in the
construction of any equipment. These variations can
interfere in the field homogeneity, so requiring a costly and
time consuming process of calibration after the device is
built. Therefore, the design of robust devices, with low
sensitivity to small variations in the parameters, is highly
desired. Of course, the constraints of characteristics of
superconductor (e.g. B-J characteristic) are taken into
account. Optimization methods based in the Atrtificial
Immune Systems paradigm are usually able to perform
global as well as local exploration of the search space. This
feature can be used to perform sensitivity analysis of the
candidate solutions during the optimization process, and
find robust configurations for a given problem. In this work,
we explore the design of a high-field, highly homogenous
superconducting magnets by using an AlS-based robust
optimization algorithm. The algorithm is presented, and
applied in the optimization of the device. The analysis of
the results asserts the validity of the presented method.

TUAO3POO07

The heat load analysis of Superconducting wiggler
with Semi-cold UHV beam duct

H-H. Chen, C-S. Hwang, C-H. Chang, F-Y. Lin, J-R. Chen,
S-N. Hsu, G-Y. Hsiung, National Synchrotron Radiation
Research Center.

A 3.2 T superconducting wiggler (SW6) have been installed
in the NSRRC storage ring, and successful tested by an
auto filling system with liquid helium and nitrogen at April
2004. The semi-cold UHV beam duct was made of
Aluminum and welded a stainless steel with bimetal at both
ends to reduce the room temperature conduction heat load.
Meanwhile, the aluminum beam duct without Cu coating
can rule out the heat load from the electron beam image
current. The design temperature of the semi-cold UHV
beam duct is 100 k to keep the vacuum in the ultra-high
vacuum condition. The beam duct temperature will
maintain within 120 k with total heat load at 400 mA
electron beam current. The ANSYS code was used to
calculate and analysis the total heat load, the temperature
on beam duct, and on the superconducting coil. This article
also describe the magnet design to keep the temperature

61

of the UHV beam duct at 100 k and to reduce the heat load
from the beam duct to the superconducting coil.

TUAO3POO0S8

The Characteristics and Optimal Shape Design of a
Superconductive Magnet for EMS-MAGLEV System

Y. Fang, Y. Yao, The College of Electrical Engineering,
Zhejiang University.

In a hybrid EMS-Maglev system proposed in this paper, the
propulsion is defined by a long stator linear synchronous
motor (LSM) which stator (armature) is fixed all along the
track and the moving poles with the excitation (suspending
magnets) are on the vehicle. The attractive force between
the motor stator and the moving poles creates the levitation
forces, which is energized by high temperature
superconductor (HTS) coils and adjusted by conductor
coils. A linear generator supplies the on-board electric
power. The static magnetic field energized by HTS and
copper conductor coils is calculated and compared by 3D
adaptive nonlinear FE code with nodal and edge element
respectively. Design sensitivity analysis is combined with
the 3D double nonlinear FE model for magnetic and
superconductive materials. The design variables are the
levitation gap length and the cross sectional dimensions of
the HTS coil. As HTS Bi-2223 tape was applied to fabricate
the HTS coil, the 3D shape of HTS magnet is optimized
under strict restrictions to achieve the minimum volume
and the largest air gap, while the perpendicular field along
the outer surface of HTS coil is less than a specified value.

TUAO3PO09

Development of High-Tc Superconducting Magnet
System for Long-Run Operation Test in Sub-cooled
Nitrogen

T.J. Kim, Seongnam Polytechnic College; H. Kang, D.K.
Bae, D.K. Park, T.K. Ko, Yonsei University; H. Kim,
NHMFL;, C.J. Lee, B-Y. Seok, Electro-Mechanical
Research Institute, Hyundai Heavy Industries, Co., Ltd;
H.M. Chang, Hong Ik.

The applied superconducting magnets are usually operated
in saturated liquid nitrogen system. But the several
characteristics of superconducting magnet such as critical
current, electrical insulation and thermal conductivity could
be enhanced in sub-cooled nitrogen cooling system rather
than in saturated liquid nitrogen cooling system. The main
conditions for setting up a sub-cooled nitrogen cooling
system are cooling down the temperature of liquid nitrogen
to 64 K and adjusting the pressure of closed system as 1
atm. In this paper, the fabrication method of 84 mH
superconducting magnet, the method of design and
manufacturing for sub-cooled nitrogen system, and the
results of long-run operation test of superconducting
magnet system are described. And the minute matters
such as how to measure the level and the temperature of
liquid nitrogen, how to calculate the heat load of cooling
system, how to connect the GM-cryocooler to the
superconducting magnet and how to adjust the pressure of
closed system as 1 atm were described in detail. The
temperature and level of liquid nitrogen and pressure of
closed system were not degraded not a bit in long-run
operation test performed for about 600 hours. Moreover,
the characteristics of this magnet system were not
degraded by several over current tests and showed very
reliable results. The possibility and merits of applying the
sub-cooled nitrogen cooling system to large scale
superconducting magnet were confirmed through this test.



TUAO3PO10

Design Study of 300 MJ HTS SMES System

T. Dai, Y. Tang, J. Li, Huazhong University of Science and
Technology.

This paper outlines a systematic procedure for the design
of a toroidal coil and presents the optimum design of 300
MJ HTS magnet with finite element method. In this
optimization, both the electromagnetic and mechanical
design objects are considered. We carried out parameter
surveys of the magnetic fields and circumference stress
applied to the HTS-SMES magnets and studied a suitable
magnet dimension with low inductance and high current.

POSTER SESSION 13:30 - 15:30
FIELD MEASUREMENTS AND ANALYSES

TUA04POO01

Impacts of the Embedded Windings to the Field Quality
of Dipole

Y. He, L. Ma, S. Han, W. Liu, B. Zhang, P. Yuan, J. Xia,
Institute of modern physics of CAS.

The special C-type dipoles with embedded windings are
used in the injection beam line of HIRFL-CSR (Heavy lon
Research Facility in Lanzhou - Cooler Storage Ring). They
act as the prototype of dipole for Experimental Ring of
CSR. The windings carrying current embedded in the
dipole poles are used to improve the field quality by
adjusting the currents value and direction. The currents are
called trimming current. The impacts of such currents on
the uniformity of field and multipole components are
carefully investigated by using two kinds of magnetic
measurements, the hall sensor and the long caolil,
respectively. It is proved that the uniformity of 1.0x10-3 can
be reached easily by adjusting the magnitude of trimming
currents. At the same time, the multipoles will also be
changed. In our case, the quadrupole and sextupole
components have decreased to a low level, and the
octupole and dodecapole increased correspondingly, while
the trimming currents reach to an optimized value.

TUA04PO002

Magnetic Axis Measurement of Multipole Magnets for
CSR

Y. He, G. Cai, B. Zhang, L. Ma, W. Liu, Y. Su, S. Han, K.
Man, P. Yuan, J. Xia, Institute of modern physics of CAS.
Withdrawn.

TUA04PO03

Measurement and Analyse of Multipoles for CSRm

Y. He, B. Zhang, W. Liu, L. Ma, S. Han, S. Zhang, Y. Su, P.
Yuan, J. Xia, Institute of modern physics of CAS.
Withdrawn.

TUA04P0O04

Field Measurement and Analysis of Dipole magnets for
HIRFL-CSR

Y. Su, Y. He, P. Yuan, L. Ma, W. Liu, S. Han, Q. Yao, S.
Zhang, W. Wang, Institute of Modern Physics, CAS.
Withdrawn.

TUAO04POO5

A Configurable Component-Based Software System for
Magnetic Field Measurements

J.M. Nogiec, E. Desavouret, J. DiMarco, S. Kotelnikov, K.
Trombly-Freytag, D. Walbridge, FNAL.

A new software system to test accelerator magnets has
been developed at Fermilab. It employs a single wire
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measurement technique and is targeted at field angle and
strength measurements. The software for the system is
built on top of a flexible component-based framework,
which allows for easy reconfiguration and run-time
modification. Various user interface, data acquisition,
analysis, and data persistence components can be
configured to form different measurement systems that are
tailored to specific requirements. The system can also be
configured with various measurement sequences or tests,
each of them controlled by a dedicated script. It is capable
of working interactively as well as executing a pre-selected
sequence of tests. Each test can be parameterized to fit
the specific magnet type or test stand requirements. The
system has been designed with portability in mind and is
capable of working on various platforms, such as Linux,
Solaris, and Windows. It can be configured to use a local
data acquisition subsystem or a remote data acquisition
computer, such as a VME processor running VxWorks. All
hardware-oriented components have been developed with
a simulation option that allows for running and testing
measurements in the absence of data acquisition
hardware.

TUA04POO06

Current distribution identification in PF-FSJS

F. Bellina, Universita di Udine.

The Poloidal Field Full-Size Joint Sample (PF-FSJS) was
built and tested jointly by ENEA and CEA in 2002 at
SULTAN facility, to test two different types of full-size NbTi
multistrand cables, and to assess a possible design for the
ITER coil electrical joints. The sample was equipped with
many sensors, to measure thermal-hydraulic and
electromagnetic quantities. Among them, a set of magnetic
field measurements was taken by means of pick- up coils
located as close as possible to the cable. These signals
can be used to reconstruct the current distribution among
the main cable bundles, so that some information can be
obtained about both the current redistribution along the
cable and the effect of the non uniform electric contact
between the cable bundles and the joint/terminations. The
most common procedure of current distribution
reconstruction is based on the Singular Value
Decomposition (SVD), which has been applied to some
other actual cases by several authors, using suitable
techniques to minimise the effect of the measurement
errors. However, a number of unresolved questions are still
present as regards the procedure overall accuracy which,
in some cases, may jeopardise the reconstruction results.
Starting from its application to PF-FSJS, the paper
presents a critical review of the SVD method, analysing in
detail the procedure sensitivity, the effects of the singular
values truncation and of the most usual geometrical
approximations adopted in this types of analysis.

TUA04POO07

Analysis of the Magnetic Field in Magnetic Fluid
Acceleration Sensor

W. Yang, Q. Yang, H. Chen, S. Liu, J. Sun, W. Yan, Key
Laboratory of Electromagnetic Field and Electrical
Apparatus Reliability of Hebei University of Technology.
Magnetic fluid (MF) consists of ultrafine particles of
ferromagnetic substance dispersed steadily in solvent
using an interfacial active agent. It is a new function
material and has both liquid and magnetic properties that
make it be proper to develop many types of sensors. A
simple and attractive application of magnetic fluid is an
acceleration sensor which has good features compared to
some traditional ones. This paper presents a magnetic fluid
acceleration sensor, whose design principle is given and



the magnetic field is analyzed. MF membrane of the
acceleration sensor is enclosed in a glass vessel and held
in position thanks to an annular permanent magnet. The
static deformation of MF membrane as a result of magnetic
force and gravity. The deformation of membrane will
change when system get the vertical acceleration. Outside
the annular magnet we put a set of coils. An AC current is
injected in the central one and the resulting voltage at the
output of the other two coils is directly proportional to the
vertical acceleration. The magnet of the acceleration
sensor is uniformity magnetization so we calculate its
magnetic field by equivalent surface current density
method. The permanent magnet in the MF acceleration
sensor is annular and axial symmetry radial magnetized so
the equivalent current density is only circumferential.
Boundary condition can be expressed a line integral of
functional.

TUA04PO08

Persistent Currents in the LHC Dipoles

L. Bottura, A. Devred, V. Granata, S. Le Naour, S.
Sanfilippo, CERN.

Withdrawn.

TUAO04PO09

The distribution and measurement of permanent
magnet magnetic field

X. Wang, Y. Wang, G. Wang, L. Guan, Harbin Institute of
Technology.

The distribution of permanent magnet magnetic field has a
crucial effect on the performance of device using the
permanent magnet. In this paper the finite element
analyses and the measurements are taken on the magnetic
fields of some familiar permanent magnets, and the
structure of the measurement system is presented. The
magnetic field distributions are described in the curves or
the 3D images. The vector direction of magnetic flux
density can be determined by the requirement of analysis
or design. The sample of NdFeB permanent magnet was
pulsed magnetized by a saturation magnetic field using a
special designed magnetic yoke. The measurement of
magnetic field distribution of the sample corresponds with
the result of finite element analysis. The results from
analyzing or measuring of magnetic field distribution can be
referenced for improving the design of the permanent
magnet and the magnetizing yoke to meet the requirement
of high performance of the device using permanent
magnet.

TUAO04PO10

Checking the Polarity of Superconducting Multipole
LHC Magnets.

M. Buzio, L. Bottura, G. Fievez, J. Garcia Perez, R. Lopez,
A. Masi, S. Russenschuck, N. Smirnov, CERN; A. Tikhov,
IHEP, Protvino, Russian Federation.

The LHC will include about 1750 cold masses, up to almost
16 m long, housing several thousand superconducting
magnets. To detect as early as possible costly errors the
polarity of all magnets must be checked via cold bore tubes
with diameters as small as 50 mm. For this, we have
developed a probe called "Polarity Checker" to verify
harmonic order, type (normal or skew) and polarity of all
multipole magnets at room temperature. This paper
describes the design and the operation of the probe and
the results obtained on the first few hundred magnets. First
we introduce the working principle, based on the harmonic
analysis of the radial field component picked up by a
rotating Hall sensor at different current levels. Then we
describe the system hardware and software, which feature
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automatic powering, data acquisition and treatment. We
show that the sensitivity to the transfer function of the main
harmonic is better than 1% for fields as low as 100 T at 17
mm radius, which guarantees virtually no errors in the end
results. We provide a summary of the test results, which
consist of automatically generated reports that certify the
conformity of the measurements to expectations for each
magnetic element in an assembly. So far, polarity tests
have identified several busbar inversions in both dipole and
quadrupole assemblies. Finally, we outline the future
developments of this activity, which include extending the
polarity tests to the full range of superconducting cold
masses.

TUA04PO11

Magnetic Alignment Tests of LHC Short Straight
Sections at Room and Cryogenic Temperature

M. Buzio, J. Beauquis, L. Bottura, M. Coccoli, G. Deferne,
E. Laface, A. Ruccio, J. Garcia Perez, D. Missiaen, N.
Smirnov, E. Wildner, CERN; P. Schnizer, GSI, Darmstadft,
Germany.

The LHC will include 474 superconducting Short Straight
Section assemblies, up to 12 m long, which contain various
combinations of twin-aperture quadrupole magnets and
multipole correctors that have to be aligned precisely. This
paper is concerned with room- and cryogenic-temperature
measurements of magnetic axis and field direction, which
are essential tools to assess construction quality and guide
the installation. First we give a short overview of the
available instrumentation, which includes a Single
Stretched Wire system, a fixed-coil traveling probe ("AC
mole") and a harmonic coil scanning system ("Chaconsa
bench"), describing capabilities and performance of each.
In particular, we present the results of a series of cross-
checks which support the essential equivalence of these
systems within the required tolerance. Then we outline the
overall testing strategy, which is based on 100% of
magnets measured at room temperature, a statistical
sample of cold tests to establish a correlation, and
extrapolation of warm results to cryogenic temperature. In
the following, we show some examples and a detailed
statistical review of the results of the about 50 magnets
tested so far, with special attention on the difference
between mechanical and magnetic axes, the relative
alignment of quadrupoles and correctors, and the thermal
contractions between 300 and 1.9K. Finally, we discuss the
results in terms of their implications for the installation and
the commissioning of the machine.

POSTER SESSION
AC LOSSES (I)

13:30 - 15:30

TUAO5PO001

AC loss characteristics of large critical current YBCO
coated conductors

Z. Jiang, N. Amemiya, Yokohama National University; Y.
lijima, K. Kakimoto, T. Saitoh, Fujikura Ltd.; Y. Shiohara,
ISTEC-SRL.

YBCO coated conductors are considered as next
generation high temperature superconductors because of
their high critical current density at liquid nitrogen
temperature even in external magnetic field. One of the
most important measures of the performance of YBCO
coated conductors is their critical current density. However,
the AC loss is another important measure of the
performance of the coated conductors, because many
electrical power devices will be operated at commercial



frequencies, and AC loss reduction is a critical issue for
realizing practical superconducting electrical power
devices. The fabrication technologies for coated
conductors with high critical current density have been
evolving in the last few years. The AC loss characteristics
of the state-of-the-art coated conductors with large critical
current are peculiar because of the large self magnetic field
due to their high critical current density. In this work, the
total AC losses of YBCO coated conductors with large
critical current were measured electromagnetically at
various amplitudes of transport current and various
amplitudes of external transverse magnetic fields with
various orientations. The measured total AC losses were
compared with the numerically calculated total AC losses
using the one-dimensional FEM model.

TUAO5PO02

AC loss characteristics of REBCO coated conductors
subjected to bending strains

H. Suzuki, A. Kataoka, N. Sekine,
Yokohama National University.

REBCO coated conductors (CCs) have high potentials of
low AC losses with high current density at high magnetic
field. Therefore, CCs are promising HTS conductors for AC
superconducting apparatuses such as power cables and
transformers. AC losses in superconductors are the major
losses generated in those apparatuses and dominate the
efficiency and the economic feasibility of the apparatuses.
Therefore, it is important to have data of AC losses. HTS
conductors are used in those apparatuses in forms of coils
and cables and subjected to bending strains. Ceramic
nature of REBCO CCs and its high brittleness make these
tapes very sensitive to degradation of the critical current
due to various mechanical strains and stresses originated
form, e.g., Lorenz forces, a thermal contraction/expansion,
wires mechanical vibrations, The main reason for
degradation of the critical current densities in the CCs is
structural changes, i.e. destruction of a weak links between
grains, formation of micro-cracks in superconducting layer.
In the limit, for very severe deformations, superconducting
property vanishes, and such deformed CCs behave like a
normal conductor. All these, in turn, strongly influence AC
power loss characteristics. In this work we experimentally
investigate AC transport current loss characteristics of
REBCO CCs subjected to bending strains.

O. Tsukamoto,

TUAO5PO0O03

AC transport current losses in REBCO coated
conductors subjected tensile strains

N. Sekine, S. Odaka, H. Suzuki, O. Tsukamoto, Yokohama
National  University; M. Ciszek, Institute of Low
Temperature and Structure Research.

We developed an equipment to measure AC transport
current losses in HTS tapes subjected to tensile
strains/stresses at 77 K. The tensile stresses are applied to
HTS tapes by a pneumatic cylinder placed in room
temperature region. Strains of the HTS tapes are
measured by a gap sensor in the room temperature region
and strain gauges attached to the HTS tape. The AC
transport current losses are measured by a standard four
terminal/lock-in amplifier method. When HTS tapes are
applied to superconducting apparatuses, they are
subjected to mechanical strains and stresses. Ceramic
nature of HTS and its high britleness make these tapes
very sensitive to degradation of the critical current due to
various mechanical strains and stresses originated from
Lorenz forces and a thermal contraction/expansion. The
main reason for degradation of the critical current densities
in these materials is structural changes, i.e. destruction of a
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weak links between grains, formation of micro-cracks within
HTS materials. In the limit, for very severe deformations,
superconducting properties vanish, and such deformed
HTS conductors behave like normal ones. All these, in turn,
strongly influence AC power loss characteristics. We
measured the AC transport current losses in REBCO
coated conductors together with Bi 2223/Ag sheathed
tapes. In the paper, the dependence of the loss
characteristics on the strains is studied in the relation to
critical current degradations due to the stresses.

TUAO5P0O04

Simulation of the magnetization process in an MgB2/Fe
wire

S. Farinon, P. Fabbricatore, M. Greco, INFN-Sezione di
Genova; F. Géméry, E. Seiler, IEE SAS - Bratislava.
Withdrawn.

TUAO5PO05

Numerical Evaluation of Total AC Loss in Parallel Tape
Conductor with Transport Current in Oblique Magnetic
Field

T. Hayashi, D. Nakamura, K. Kajikawa, M. Iwakuma, K.
Funaki, Kyushu University.

When Bi-2223 Ag-sheathed tapes are applied to AC power
devices, several pieces of them are arranged face to face
in the form of a parallel conductor to keep the required
current capacity. The parallel conductor is usually wound
with optimum transposition to suppress the current
imbalance among its strands and reduce the AC loss
generated in the device. Under the condition of AC
operation, the parallel conductor carries an alternating
transport current and is simultaneously exposed to an AC
external magnetic field with an arbitrary angle to the
broadest faces of strands. Therefore it is important to
evaluate the AC loss in the parallel conductor under these
actual electromagnetic conditions for the design of the
device. In this study, we numerically evaluate the AC loss
in the parallel tape conductor by means of a finite-element
method based on the direct analysis of the magnetic field
distribution proposed by our group previously. We
assumed that the parallel conductor carries the transport
current in the oblique external magnetic field and that all
strands in the conductor have the same branch current. It
can be considered the electromagnetic behavior in this
case corresponds to that in the parallel conductor with
optimum transposition. It is found that the AC loss
drastically depends on the number of strands in the range
of the field amplitude smaller than the full penetration field
but the loss is scarcely dependent on it in the range of
larger amplitude.

TUAO5PO06

Influence of mechanical vibration and losses in Bi-2223
tapes on thermal-expansion properties of structural
materials

T. Takao, T. Higuchi, Y. Furumura, M. Arikawa, Sophia
University; S. Fukui, Niigata University; A. Yamanaka,
Toyobo.

We have experimentally studied relation between
mechanical loss and thermal expansion property in
superconducting coils. For the experiments, three kinds of
structural materials (GFRP, DGFRP, and ZFRP) were
used. A glass fiber reinforced plastic (GFRP) contracts with
decreasing of temperature; on the contrary, a Dyneema
and grass fiber reinforced plastic (DGFRP) and a Zylon
fiber reinforced plastic (ZFRP) expand with decreasing of
temperature. We used sample holders made of those
plastics and measured AC loss of a Bi-2223 tape in liquid



nitrogen. Even if the magnetic field applied to the tape and
an AC transport current of the tape were same, the loss
depended on the sample holder materials. When the
sample holder is the GFRP, the loss was largest in the
three kinds of plastics, and in case of the ZFRP, the loss
was smallest. The ZFRP has the largest expansion
property in the three materials, that is, the loss decreased
with expansion of the sample holder's materials.

TUAO5P0O07

The nitrogen boil-off method of measuring AC losses
in HTS coils

H. Okamoto, Kyushu Electric Power Co., Inc.; F.
Sumiyoshi, Kagoshima University; K. Miyoshi, Furukawa
Electric Co., Ltd.; Y. Suzuki, Taiyo Nippon Sanso Co.

The nitrogen boil-off method was developed for the
measurement of AC losses in HTS coils. Generally the boil-
off method is known to be useful for the measurement
without any restrictions of external condition of magnetic
fields and transport currents applying to the coil. Namely,
the boil-off method is direct and convenient technique
rather than electrical one. But the boil-off method with liquid
nitrogen was not so easy as that with liquid helium. This is
because there are some quite differences between the
thermal properties of liquid nitrogen and liquid helium. So,
we improved the precision and the sensitivity of the
measuring system on the point of view of liquid nitrogen
thermal properties. The main points of the improvement are
the insulation of the sample housing to enclose the boiled
nitrogen gas, and the control of heater power to keep
steady gasification. The background of evaporation of
liquid nitrogen inside the housing was reduced to about
50mW, and the sensitivity was about 0.1W. This
performance is the best that the method with liquid nitrogen
has been ever built. This improved method makes it
possible to measure the absolute value of the AC losses of
many applications preciously at liquid nitrogen temperature
as well as at liquid helium.

TUAO5PO0S8

Electrical and Mechanical Properties of Strands in
Superconducting Bundle Conductors

K. Nakamura, T. Takao, Sophia University; A. Nishimura,
NIFS.

Bundle cables made of hundreds of superconducting
strands are twisted to reduce inter-strand coupling losses
in cable-in-conduit conductors. The strands in the first sub-
cable contact each other with line contacting regardless of
twist pitches of the sub-cable. On the other hand, the
strands in the second sub-cable made of the first sub-
cables contact to the strands in the other sub-cables with
point contacts at given intervals. Twist pitches of the sub-
cables affect contact area, stress to the strands, and
deformation of the strands at the contacting segments.
Therefore, it is necessary to discuss the relation between
the twist pitches and the contact resistance in the cables.
In this study, we prepared sample cables made of the three
strands with three different twist pitches. We fabricated
experimental equipment that generated mechanical force
for assuming electromagnetic force to the cable, and have
measured the contact resistance between the strands in
the cable in liquid helium. As a result, when the applied
force to the wires is from zero to 100 N, the ranges of the
surface resistance increased with decreasing of the twist
pitches. The surface resistance is not a constant value but
depends on the applied force. The results become
fundamental data to simulate an electric circuit model
consisting of more than one sub-cable, and also to
estimate the inter-coupling losses in the cables.
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TUAO5PO09

Comparison between the experimental and numerical
analysis of AC loss in a subdivided YBCO coated
conductor considering the critical current distribution
J. Ogawa, S. Fukui, M. Yamaguchi, T. Sato, Niigata
University; N. Sekine, M. Ciszek, O. Tsukamoto,
Yokohama National University.

In previous work, we reported that the critical current
density at the edge was decreased compared with the
center, and that AC losses increase compared with a
constant distribution. To reduce AC magnetization loss in
YBCO coated conductors subjected to magnetic fields
perpendicular to their faces, the YBCO tapes were
subdivided into multiple filaments. We report the
experimental results and the numerical analysis of the AC
loss in subdivided superconducting strips due to the critical
current density distribution. The YBCO coated conductor in
the experiment shows the critical current density
distribution is that of a gradually increasing slope from the
edge to the center. The numerical analysis is based on the
relation of the vector potential and the induction voltage. In
this model each filament of the superconducting strips is
decoupled and the AC losses are the main sources of
hysteresis losses. Therefore, in the comparison between
the experimental and numerical analysis of AC losses, the
relation of the number of partitions and the critical current
distribution is shown.

TUAO5PO10

Dependence of AC loss with a Phase difference
Between Transport Current and Applied Magnetic Field
J. Ogawa, S. Fukui, M. Yamaguchi, T. Sato, Niigata
University.

High temperature conductors in AC superconducting power
instruments such as tri-axial power cables are exposed to
external AC magnetic fields out of phase with the AC
transport currents. We report an experimental and
numerical analysis of the dependence of AC loss in
Bi2223/Ag sheathed tape on the phase difference between
the AC transport current and the external magnetic field
applied perpendicular to the face. In the experiment, the
AC loss was measured by the calorimetric method using
the temperature rise of the HTS tape due to the AC losses.
In the numerical analysis, using the relation of the vector
potential and the inductive voltage, AC loss in the elliptical
model such as the Bi2223/Ag sheathed tape was analyzed
for the case of external AC magnetic fields out of phase
with the AC transport currents. For these results, we report
the increment and reduction of the AC loss compared with
the in phase condition and we describe the mechanism of
the findings.

TUAO5PO11

Characteristics Measurements of HTS tape with
Parallel HTS Conductors

J-H. Joo, S-W. Kim, K.J. Song, KERI; J-P. Hong,
Department of Electrical Engineering, Changwon National
University; S.B. Kim, Department of Electrical and
Electronics Engineering, Okayama University.

After the discovery of HTS (High Temperature
Superconductor), many HTS conductors are developed.
Several BSCCO tapes fabricated by PIT (Powder In Tube)
method became commercially available, and the transport
current loss characteristics of BSCCO tapes are studied
much by many research groups. The transport current loss
characteristic is one of the typical properties of HTS tape
and represents a uniform value in same tapes. It is used to
evaluate the performance of HTS tapes in an ac operating
and to design HTS power apparatuses. However, we



confirmed that the characteristics of an HTS tape could be
varied certainly by neighboring HTS conductors. It is
necessary to study the function of neighboring HTS
conductors that do not flow current. This paper deals with
measurement of the critical currents and the transport
current losses of HTS tapes with neighboring HTS
conductors. Measurement results and comparison will be
presented with discussions.

POSTER SESSION
LHC MISCELLANEOUS MAGNETS

13:30 - 15:30

TUAO06POO01

Normal-Conducting Separation and Compensation
Dipoles for the LHC Experimental Insertions

S. Ramberger, D. Gerard, D. Cornuet, G. de Rijk, CERN; I.
Morozov, V. Petrov, O. Kiselev, A. Sukhanov, E. Ruvinsky,
BINP.

The experimental insertions of the LHC employ normal-
conducting magnets to provide for part of the beam
separation and to compensate the effect of two large
spectrometer dipoles. In the interaction regions IR1 for the
ATLAS experiment and IR5 for the CMS experiment, each
of the optical elements D1 for beam separation on either
side of the experiment consists of 6 MBXW dipoles. Each
magnet has a core length of 3.4 m, a large single aperture
with a gap height of 63 mm and will operate in the field
range up to 1.5 T. The MBXWT and MBXWS magnets are
shorter versions of the MBXW magnet and will be used as
vertical and horizontal compensation dipoles for the
spectrometer dipoles in IR2 for the ALICE and in IR8 for
the LHCb experiments respectively. The MBXWT and
MBXWS magnets have a core length of 1.5m and 0.75m
respectively. Additionally one MBXW magnet serves as a
main compensator for the LHCb experiment. The magnet
design was done in collaboration between CERN and BINP
and the dipole magnets are produced by BINP. So far all
three MBXWS, all three MBXWT and thirteen of twenty-
nine MBXW magnets have been manufactured and
delivered to CERN. The report presents the main design
issues and results of the acceptance tests including
mechanical, electrical and magnetic field measurements.

TUAO6PO02

Transient Thermal Analysis of Normal-Conducting
Accelerator Magnets for the LHC

S. Ramberger, S. Bidon, D. Gerard, O. Hans, CERN.

The cleaning insertions of the LHC consist of a series of
normal-conducting magnets. Their heat has to be extracted
by water cooling and air ventilation systems to keep the
tunnel temperature at the prescribed level. Plans to confine
the collimation region including the magnets, called for a
more detailed transient thermal model to evaluate the
necessary ventilation within this area. This report
investigates the thermal behaviour of the MQW double
aperture quadrupole magnet in particular. A series of 6
magnets of this type establish an  optical
focusing/defocusing element in the LHC lattice of the
cleaning insertions. The aim of this work is to set up a
straightforward model that allows for the study of the
transient temperatures of the coils, the cooling water, the
yoke, the air, and the resulting heat flows. The basis for the
model is an equivalent electric circuit which is evaluated by
a SPICE circuit simulator. It is shown how to derive
resistances and capacitances from analytic formulas for
each of the circuit elements taking their shape and
properties into account. The comparison of the simulation
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results with temperature measurements on the coils and
the yoke of the magnet confirm the lumped circuit model. It
is also shown that the model reflects particular behaviour
following transient current changes. It is therefore capable
of predicting complex transient temperature profiles
resulting from its environment.

TUAO6PO03

Field Quality Change in Accelerator Magnets Due to
Re-Magnetization of Superconductor

K. Sugita, The Graduate University for Advanced Studies;
T. Ogitsu, N. Ohuchi, T. Nakamoto, K. Tsuchiya, C.
Shintomi, A. Yamamoto, KEK.

A simulation program was developed to compute change of
magnetic field quality originated by inter-strand current
redistribution in Rutherford cables. The program was based
on a hypothesis that the magnetic field quality is drifted by
changing of superconductor filament magnetizations due to
local field changes following imbalance current
redistributions, especially during periods of beam injection.
The imbalanced currents in cables were described by
random zigzag currents within limited current variation. A
sinusoidal magnetic field modulation, so called a 'periodic
pattern’', and the local field on the strand were computed.
The variations of the filament magnetizations due to the
local field changes, which cause the change of field quality
in the magnet bore, were computed using a new model
consisting of multiple layers of persistent current having
cosine theta distribution. The computed results will be
reported in comparisons with the measured results from 18
superconducting quadrupole magnets (MQXAs) for the
LHC insertion regions.

TUAO6PO04

Focusing strength measurements
quadrupoles

N. Smirnov, L. Bottura, M. Buzio, M. Calvi, G. Deferne, O.
Dunkel, J. Garcia Perez, S. Sanfilippo, N. Sammut, CERN;
J. DiMarco, FNAL.

The 474 twin aperture superconducting quadrupole
magnets needed for the Large Hadron Collider (LHC) are
assembled in up to 12 m long cryostats. Because of the
‘warm-bore’ insert, there is only 40 mm of room-
temperature measurement aperture available during
cryogenic tests, making the integrated gradient of the
quadrupoles challenging to measure both efficiently and
with the required 0.1% absolute accuracy. This contribution
describes the various systems used to perform magnetic
field testing: Automated Scanner system, Single Stretched
Wire system and Twin Coils system, concentrating mostly
on the absolute accuracies of their integrated gradient
(Gdl) measurements. Most of the possible inherent effects
that can introduce systematic errors are discussed, along
with their preventive methods. In understanding the
systematic errors, a few samples of each of the several
types of quadrupoles have been thoroughly measured with
the different systems. The results of these intersystem
cross-calibrations are presented. Also discussed are the
qualification results for the measurement systems used in
industry. This qualification is based on comparison of
results for several quadrupole assemblies tested both in
cold conditions at CERN and at room temperature at the
manufacturer site.

of the main

TUAO6POO05

Electrical and Magnetic Performance of the LHC Short
Straight Sections

S. Sanfilippo, M. Buzio, M. Coccoli, N. Smirnov, N.
Sammut, A. Stafiniak, L. Bottura, P. Pugnat, A. Siemko, P.



Hagen, CERN.

The Short Straight Section (SSS) for the Large Hadron
Collider arcs, containing in a common cryostat the lattice
quadrupoles and correction magnets, have now entered
series production. Systematic cryogenic tests are
performed at CERN in order to qualify these magnets with
respect to their cryogenic and electrical integrity, the
quench performance and the field quality in all operating
conditions. This paper reports the main results obtained
during tests and measurements in superfluid helium. The
electrical characteristics, the insulation measurements and
the quench performance are compared to the
specifications and expected performances for these
magnets. The field in the main quadrupole is measured at
cryogenic temperature using two independent systems, 6-
m long, twin rotating coils (for field gradient and harmonics)
and single stretched wire (for field gradient, direction and
axis). The main results, as compared to warm data
collected in industry are summarized. A particular
emphasis is given to the integrated transfer function, which
has a spread of around 15 units rms in the production and
is a critical issue. Also the dodecapole harmonic
component, that required trimming through a change in coil
shims is discussed. Finally, the magnetic axis
measurements at room temperature and at 1.9 K, providing
the nominal vertical shift for installation are reported.

TUAO6PO06

Performance of the room temperature Systems for
Magnetic Field Measurement of the LHC Magnets

J.J. Garcia Perez, J. Billan, M. Buzio, P. Galbraith, D.
Giloteaux, V. Remondino, CERN.

The LHC will be composed of 1232 horizontally curved, 15
meter long, superconducting dipole assemblies and 474
Short Straight Sections containing various types of
quadrupoles. These magnets are manufactured by several
European companies and half of them are currently
produced. The field quality at room temperature is strictly
monitored to guide and validate the assembly at different
stages of the production in the industry. Dipoles and
quadrupoles are measured with two different rotating coil
systems. These "moles" travel inside the 50 mm aperture
and accurately measure the field and gradient strength
integrated over the length, the field direction and higher
order harmonics. In this paper we describe these two
systems, their performance and experience gained through
the two first years of operation.

TUAO6PO07

Production of the Superconducting
Quadrupoles for the LHC Insertions

H. Prin, N. Catalan Lasheras, G. Kirby, R. Ostojic, J. C.
Perez, CERN.

The LHC insertions are equipped with individually powered
superconducting quadrupoles  comprising several
quadrupole magnets and orbit correctors, and range in
length from 53 m to 11.3 m. Following the initial
experience in the assembly of the pre-series cold masses,
the production has advanced well and about half of the
total of 82 units has been produced at CERN. In this paper
we present the experience in steering the cold mass
production, in particular with respect to the alignment
requirements. We also report on the field quality and other
measurements made for assuring the quality of the
quadrupoles.

Matching

TUAO6POO0S8
Cold Test Results of the Inner Triplet Orbit Correctors
for the LHC.
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W. Venturini Desolaro, M. Karppinen, CERN.

The Inner Triplet Orbit Correctors for the LHC, MCBX and
MCBXA, underwent acceptance tests at liquid helium
temperature at CERN, before shipping to the FNAL for
integration in the final cold masses. A total of 27 MCBX
(Horizontal-Vertical Dipole Correctors), of which 9 MCBXA
(with nested Sextupole-Dodecapole insert), are needed for
the LHC, including spares. The paper discusses the test
protocols for series and spare magnets, and reports the
results of quench performance and cold magnetic
measurements. The peculiarities of combined training and
the hysteretic effects in the nested windings are presented
and discussed, together with the search of the optimum
setting procedure to minimize the persistent current effects
on the beam dynamics.

TUAO6PO09

Design, Performance and Series Production of the LHC
Superconducting Trim Quadrupoles for the Large
Hadron Collider.

M. Karppinen, J. Mazet, G. Mugnai, C. Boyer, V.
Remondino, w. Venturini-Delsolaro, CERN; A.
Puntambekar, CAT, Indore; L. Loche, G. Gaggero, M.
Tassisto, Ansaldo Superconduttori.

The Large Hadron Collider (LHC) will be equipped with
several thousands of superconducting corrector magnets.
Among the largest ones are the superconducting trim
quadrupoles (MQTL). These are twin-aperture magnets
with a nominal gradient of 120 T/m at 1.9 K and a magnetic
length of 1.3 m, weighing about 1800 kg. Sixty MQTL are
required for the LHC, 36 operating at 1.9K in the dispersion
suppressors and 24 operating at 4.5 K in the cleaning
insertions. The paper describes the design features, and
reports the measured quench performance and magnetic
field quality of the first pre-series magnets. The MQTL
magnet production is shared between CERN and industry.
This sharing is simplified due to the modular construction,
common to all twin-aperture correctors. We report on the
present state of the production, and discuss some critical
details of the fabrication.

TUAO6PO10

The LHC Main Quadrupoles During Series Fabrication
T. Tortschanoff, P. Hagen, K-M. Schirm, E. Todesco,
CERN; M. Durante, A. Payn, F. Simon, CEA-Saclay; R.
Burgmer, U. Klein, D. Krischel, B. Schellong, P. Schmidt,
ACCEL Instruments.

Beginning of March 2005 about 235 of the 400 main LHC
quadrupole magnets have been fabricated and about 140
of them assembled into their cold masses, together with
corrector magnets. About 60 of them have been cold tested
in their cryostats and most of the quadrupoles exceeded
their nominal excitation, i.e. 12’000 A, after not more than
two training quenches. During this series fabrication, the
quality of the magnets and cold masses was thoroughly
monitored by means of warm magnetic field
measurements, of strict geometrical checking and of a
number electrical verifications. A number of modifications
were introduced in order to improve the magnet fabrication,
mainly correction of the coil geometry for achieving the
specified field quality and measures for avoiding coil
insulation problems. Further changes concern the electrical
connectivity and insulation of instrumentation and of the
corrector magnets inside the cold masses. The contact
resistances for the bus-bar connections to the quench
protection diodes and the elimination of insulation problems
of the main bus-bars required special attention. To this
must be added actions for solving of interface problems to
the neighbouring magnets in the machine and to the



cryogenic feed line.

TUAO6PO11

Steering the field quality in the production of the main
quadrupoles of the Large Hadron Collider

P. Hagen, L. Bottura, S. Sanfilippo, K. Schirm, E. Todesco,
T. Tortschanoff, CERN; F. Simon, CEA-Saclay.

In this paper we present the main issues concerning the
field quality in the main quadrupoles of the Large Hadron
Collider. The results concerning the correction of the coil
layout to improve b6 at injection field level are presented.
We then discuss the trend plots for the field gradient and
multipoles at room temperature along more than two third
of the production. Correlations to measurements in
operational conditions are also discussed. A non-negligible
fraction of the quadrupoles has been manufactured with
collars featuring a magnetic permeability higher than the
specified limits. Their impact on field quality, both at room
temperature and at operational conditions is discussed.
Other critical items like dependence of field quality on cable
manufacturer are analysed.

TUAO6PO12

Test Results of LHC Interaction Regions Quadrupoles
Produced by Fermilab

G. Velev, R. Bossert, J. Carson, D.R. Chichili, S. Feher, J.
Kerby, M.J. Lamm, T. Nicol, A. Nobrega, J. Nogiec, FNAL.

Fermilab, as part of the US-LHC Accelerator Project, is
producing superconducting low-beta quadrupole magnets
for the Large Hadron Collider (LHC). These 5.5 m long
magnets operate in superfluid helium at 1.9 K with a
maximum operating gradient of 214 T/m in the 70 mm
bore. Two quadrupoles are combined with a dipole orbit
corrector to form a single LQXB cryogenic assembly, the
Q2 optical element of the final focus triplets in the LHC
interaction regions. We report test results for these
magnets including quench performance, field measurement
and field alignment.

POSTER SESSION 13:30 - 15:30

TRANSFER LINES MAGNETS & WIGGLERS
AND UNDULATORS

TUAO07POO1

Superconductive in-vacuum undulators

R. Rossmanith, A. Bernhard, B. Kostka, T. Schneider, FZ
Karlsruhe; M. Weisser, E. Steffens, University of Erlangen-
Niirnberg.

During the last years the Research Center Karlsruhe
developed novel high-field superconductive in-vacuum
undulators with periods lengths of 3.8 and 14 mm. The
undulators were tested with beam both in linac type
accelerators (Mainzer Microtron MAMI) and storage rings
(ANKA). Based on this experience a new generation of
superconductive undulators is planned: undulators with
electrically variable polarization direction and high brilliance
for various accelerators. The talk gives an overview over
the development.

TUAO7PO02

Field Quality Measurements of a
Superconducting Transmission Line Magnet
G.V. Velev, W. Foster, V. Kashikhin, P. Mazur, A. Oleck, P.
Schlabach, C. Sylvester, FNAL; M. Wake, KEK.

A prototype 2-Tesla superconducting transmission line
magnet for future hadron colliders was designed, built and
tested at Fermilab. The 1.5m long, combined function

2-Tesla
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gradient-dipole magnet has a vertical pole aperture of
20mm. In order to measure the magnetic field harmonics in
such a small magnet aperture, a specialized rotating-coil
probe with 15mm diameter and 0.69m length tangential
coils was fabricated. Using this probe, a program of
magnetic field quality measurements was successfully
performed. Results of the measurements are presented
and discussed.

TUAO7PO03

Test Results of a 2 Tesla Superconducting
Transmission Line Magnet obtained with 102 Sensors
Array of Hall Station

V. Kashikhin, R. Carcagno, W. Folster, R. Nehring, H.
Piekarz, P. Schlabach, FNAL.

A prototype of a 2 Tesla superconducting transmission line
magnet for future hadron colliders was designed, built and
tested at Fermilab. This combined function magnet with
gradient 4%/cm and dipole field 1.96 Tesla has room
temperature iron yoke with two horizontally separated air
gaps for beam pipes. The magnetic field in both gaps is
generated by a single-turn superconducting transmission
line of 90 kA nominal current placed in the center of the
iron yoke. The magnetic measurements were made
simultaneously in both air gaps using a Hall Probe Station
with 102 Hall sensors. The main parameters of Hall Station
are briefly described. The magnetic design, pole tip and
field quality optimization are presented. The iron saturation
effects and their reduction with pole holes are also
discussed. The results of magnetic measurements are
compared with calculations, design parameters and the
quality of magnetic field is discussed.

TUAO7PO0O4

A Short Model Excitation of an Asymmetric Force Free
Superconducting Transmission Line Magnet

M. Wake, H. Sato, KEK; R. Carcagno, W. Foster, S. Hays,
V. Kashikhin, A. Oleck, H. Piekarz, R. Rabehl, FNAL.

The electromagnetic force on the conductor in a
transmission line magnet is much suppressed due to
symmetry of the core lamination design. Such a symmetry,
with two beam spaces, is beneficial for the collider
accelerator magnet but inconvenient for use in the beam
line magnets where a single beam aperture is required. A
short model of asymmetric force free magnet with a single
beam aperture was made at KEK. The conductor position,
asymmetric pole width and controlled holes in the pole play
a role in the force balancing technique. The model magnet
was excited together with the VLHC transmission line
magnet in a common conductor loop. The testing was
completed up to 104 kA current and the magnetic field
distribution was found to be as expected,

TUAO7POO05

Elliptical undulator HU256 for Synchrotron SOLEIL:
magnetic design, computations and measurements

LLN. Churkin, P. Vobly, A. Steshov, A. Batrakov, E.
Semenov, Y. Kolokolnikov, E. Rouvinski, BINP; A. Dael, O.
Chubar, F. Briquez, Synchrotron Soleil.

The paper describes the design, magnetic computations
and measurements of the elliptical undulator HU256 for
Synchrotron Soleil (France): the new technology for
insertion vacuum chamber has permitted the design of a
Bx & Bz closed structure for an electromagnetic undulator
This design has been realized on the basis of the 2-D, 3-D
modeling (Mermaid and RADIA codes). The symmetric
structure of the vertical magnetic field is formed by 27
laminated dipole magnets at nominal magnetic field of 0.44
T, and the asymmetric structure of the horizontal magnetic



field is formed by 28 dipole magnets at nominal magnetic
field of 0.32 T. The undulator can work in standard mode
as well as in a quasi-periodical mode while the modulation
coils on the vertical field dipoles have been switched on.
Auxiliary correction coils on the end dipoles make it
possible to “zero” the first and second magnetic field
integrals to avoid perturbation of electron trajectories in the
Storage Ring. The model “undulator” configurations were
investigated by means of 3D magnetic computations, and
dependences of the magnetic field integrals from the main
macroscopic parameters have been obtained. The
magnetic measurements of the single dipoles were carried
by the Hall probes. The undulator was magnetically
measured by the Hall probes system and the Stretched
Wire System, described in the paper. The results of
magnetic measurements and computations are compared
and analyzed.

TUAO7POO6

Mini-pole Superconducting Undulator
Synchrotron Light Source

C-S. Hwang, J-C. Jan, P-H. Lin, C-H. Chang, M-H. Huang,
F-Y. Lin, T-C. Fan, H-H. Chen, National Synchrotron
Radiation Research Center.

A mini-pole vertical winding racetrack coil undulator was
studied for potential use as the hard X-ray source in a 3
GeV storage ring. A field strength of 1.5 T can be obtained
for the superconducting undulator with a periodic length of
1.5 cm and a magnet gap fixed at 5 mm. The spectra of
such a magnet cover the energies between 3 and 25 keV.
The coil is NbTi superconducting wire whose diameter,
including that of the insulator, is 0.44 mm. A spectrum
shimming method has been developed to correct the
magnetic field. A prototype superconducting undulator with
40 poles has been designed and will be constructed and
cooled in a bath of liquid helium. The prototype will be
tested and field measurements made in a vertical dewar.
This article will discuss the design of the magnet circuit and
the magnet structure, the field shimming method, the
measurement of the magnetic field, and critical issues
related to the construction process.

for X-ray

TUAO7POO7

Optimisation calculations for the KATRIN Magnet
system

R. Gehring, FZ Karlsruhe; A. Osipowicz, FH Fulda; C.
Weinheimer, University Miinster.

The Karlsruhe Tritium Neutrino experiment aims to
measure the the neutrino mass to extreme high precision
by measuring the energy spectrum of the electrons of the
tritum decay. A highly specialised magnet system is
needed to transport the electrons from tritium beta decay
along a more than 70 meter long path with differential and
cryogenic pumping sections, pre- and main spectrometer to
the detector plane. Each magnet group does not only
provide a guiding field for the electrons but also serves
additional purposes. The intermediate sections between
magnet groups as well as the magnet design itself needs to
be analyzed very carefully in order to work properly in the
whole KATRIN experiment. This paper describes
optimisation calculations performed to achieve this goal.

TUAO7POOS

Preliminary Test Results of the
Superconducting Wiggler at NSRRC
C.H. Chang, C.S. Hwang, H.H. Chen, F.Y. Lin, M.H.
Huang, T.C. Fan, J.C. Jan, NSRRC.

Three superconducting wigglers are fabricated to provide
hard x-ray radiation for more x-ray users’ needs at NSRRC.

In Achromatic
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The design effective wiggler field is 3.1 T for a 61-mm
period at pole gap width of 19 mm. 16 racetrack-shaped
coils, made of high performing NbTi, are enclosed and
prestressed in an aluminum housing. The design of magnet
and cryostat system is described in this work. The
magnetic pole has important magnetic function. 5-pole
prototype magnets with various pole materials from low
carbon steel, vanadium permendure steel and holmium are
tested and verified the magnetic field performance. We
present the performances of the prototype of compact
superconducting wiggler.

TUAO7PO09

Manufacture and test of the 5T superconducting
undulator for the LHC synchrotron radiation profile
monitor

R. Maccaferri, D. Tommasini, W. Venturini Delsolaro, S.
Bettoni, CERN.

NbTi superconducting undulators will be used in the LHC
as a key part of the Synchrotron Radiation Profile Monitor
System. Two undulators are needed, one per each
circulating beam, providing 5 T in a 60 mm bore over two
periods of 280 mm each. A full scale prototype has been
designed and successfully tested in the end of 2004. In this
paper, the electromagnetic and the mechanical design of
the undulator are summarized. The fabrication of the
prototype is described and the cold test results, both power
test and field measurements, are reported.

TUAO7PO10

Design of the PETRA Il Damping Wiggler

P.D. Vobly, A. Utkin, N. Khavin, E. Levichev, N. Zubkov,
BINP; M. Tisher, DESY.

The proposed upgrade of the PETRA storage ring will
provide the horizontal emittance of ~1 nm if a number of
damping wigglers with a total length about 80 m are
installed in two long straight sections. The paper describes
design concept of the damping wiggler, optimization of its
parameters and results of the prototype magnetic
measurements.

TUAO7PO11

Extending Electromagnetic Wiggler/Undulator Magnet
made with Sheet Copper Coils to Shorter Periods

G.H. Biallas, S. Benson, T. Hiatt, G. Neil, M. Snyder
TUNAF.

Withdrawn.

TUAO7PO12

The bending magnets for the proton transfer line of
CNGS

K.M. Schirm, CERN; Y. Pupkov, V. Anashin, A. Ogurtsov,
E. Ruvinsky, K. Zhilyaev, V. Maraev, O. Kiselev, BINP; Y.
Konstantinov, V. Peregud, EFREMOV.

The project “CERN neutrinos to Gran Sasso (CNGS)”, a
collaboration between CERN and the INFN (Gran Sasso
Laboratory) in Italy, will study neutrino oscillations in a long
base-line experiment. High energy protons will be extracted
from the CERN SPS accelerator, transported through a
727 m long transfer line and focussed onto a graphite
target to produce a beam of pions and kaons and
subsequently neutrinos. The transfer line requires a total of
78 dipole magnets. They were produced in the framework
of an in-kind contribution of Germany via (3)DESY to the
CNGS project. The classical dipoles, built from laminated
steel cores and copper coils, have a core length of 6.3 m, a
37 mm gap height and a nominal field range of 1.38 T —
1.91 T at a maximum current of 4950 A. The magnet was
designed in collaboration between (2)CERN and (1)BINP.



The half core production was subcontracted to
(4)EFREMOV Institute; the coil fabrication, magnet
assembly and the field measurements were concluded at
(1)BINP in June 2004. The main design issues and results
of the acceptance tests including mechanical, electrical and
magnetic field measurements are discussed.

TUAO7PO13

Superconducting Undulators with Variable Polarization
and Enhanced Spectral Range

S. Prestemon, D. Dietderich, S. Marks, R. Schlueter, BNL.
A concept utilizing superconducting magnets for variable
polarization insertion devices is presented. The iron-free
concept provides full variable linear and elliptic polarization
over a broad spectral range. With appropriate electrical
switching the same device can access higher energies
through period-halving, while continuing to provide
variable-linear polarization; furthermore, separate switching
will allow for period-doubling with full linear and elliptic
polarization control. The performance, both in terms of
field/spectral performance and in terms of polarization
control, is compared to existing permanent magnet EPU
devices. Engineering issues associated with the fabrication
and implementation of the device are discussed.

TUAO7PO14

Design and development of a superconducting helical
hundulator for a polarised positron source.

J. Rochford, CCLRC Rutherford Appleton Laboratory.

A method of producing a polarised positron beam from
e+e- pair production in a target by circularly polarised g-
radiation is being investigated. Polarised photons are to be
generated by the passage of a high energy electron beam
through a helical undulator. For production of 20 MeV
photons, an undulator with a period of 14 mm, a bore of
approximately 4 mm and magnetic field on axis of 0.8 T is
required. The first prototype of a superconducting undulator
has been constructed and tested. This paper details the
design, construction techniques and field measurement
results for this prototype and compares the results with
simulation.

POSTER SESSION 13:30 - 15:30
MISCELLANEOUS ACCELERATOR MAGNETS
(1I1)

TUAO8POO1

Researching the Reproducibility of Dipoles for Cooler-
storage-ring

Y.L. Su, Y. He, L.Z. Ma, P. Yuan, F. Han, W.J. Liu, S.L.
Zhang, W.J. Wang, Institute of Modern Physics, CAS.

The measurement method and principle of dipole magnet
reproducibility for Cooling-storage-ring are introduced. How
the position and number of steel sheet affect the
reproducibility of magnet is investigated. In the end, the
reproducibility of CSRm dipoles reaches to less than
+2x10-4, which can meet the acquirements of CSR. In
addition, the measurement repeatability and the sources
causing errors are also analyzed.

TUAO8POO02

3-D calculations of wide aperture septum magnets and
the estimation of the effects of nonlinear field on beam
optics

K. Fan, Accelerator division - Tsukuba.

High intensity proton synchrotron requires wide aperture
magnets system to reduce the space-charge effects of high
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intensity charged particle beam. Especially, as for the
injection and extraction system magnets, the beam passes
close to the septum conductor. To get large beam
separation effectively, septum magnet system is divided
into several types of septum magnets. As a result, each
septum magnet becomes shorter and the ratio of the
magnet gap to the magnet length becomes large. In this
case the end field of magnet core and conductor becomes
very serious, and non-linear magnetic field is introduced,
which affects the circulating beam quality. To get detail
magnetic field distribution of the end field, 3D calculations
are very important for the designing of wide aperture
septum magnets and for the examining the magnet design.
In this paper, the 3D calculations are presented, and the
magnet measurement supports the calculation. Beam
optics calculations based on the measurement are carried
out.

TUAO8SPOO3

Design and Construction of the LEIR Extraction
Septum

J.C. Borburgh, M. Hourican, T. Masson, CERN.

The Low Energy lon Ring (LEIR) is part of the LHC injector
chain for ions. The LEIR extraction will use a pulsed
magnetic septum, clamped around a metallic vacuum
chamber which plays an important role in separating the
high vacuum in the LEIR ring (dynamic pressure ~ 10-12
mbar) from that in the transfer line to the PS, where the
vacuum requirements are less stringent. The major
technical challenges and novel solutions related to the
design of this magnet will be presented.

TUAO8POO0O4

The Physical Connection of the MICE Cooling Channel
Magnets into a Superstructure Designed to Handle the
Magnet Forces for Various MICE Operating Modes

M.A. Green, S. Virostek, LBNL; E. Baynham, Y.
Ivanushenkov, CCLRC Rutherford Appleton Laboratory; P.
Fabbricatore, S. Farinon, INFN-Genova; S.Q. Yang, W.W.
Lau, Oxford University Physics Department.

A key issue in the construction of the MICE cooling channel
is the magnetic forces between various elements in the
cooling channel and the detector magnets. The detectors
are separated from the cooling channel by a 50-mm thick
lead shield assembly that is in place when the MICE RF
cavities are being conditioned to operate at high
acceleration gradients. The shield is needed to protect the
MICE detectors from the x-rays produced by the RF
cavities. The radiation shield forms a physical barrior
between the MICE detector solenoids and the MICE
cooling channel. This barrior means that it is difficult to
transmit magnetic forces from the detector magnets to the
cooling channel magnets. This report describes how the
MICE cooling channel magnets are hooked to together so
that the longitudinal magnetic forces within the cooling
channel can be effectively connected to the base of the
experiment. This report presents a magnetic force and
stress analysis for the MICE cooling channel magnets,
even when longitudinal magnetic forces as large as 500 kN
(50 tons) are applied to various magnets within the
channel. This report also shows that the detector magnets
can be effectively separated from the MICE cooling
channel magnets without damage to either type of magnet
component.

TUAOSPOO5
Electromagnetic Modelling Of The AGS A10 Injection
Kicker Magnet
M.J. Barnes, R. Armenta, E. Blackmore, G. Wait, TRIUMF;



D. Norn, University of Victoria; C. Gardner, A. Zhang, BNL.
The present AGS injection kickers at the A5 location were
designed for 1.5 GeV proton injection. Recent high
intensity runs have pushed the transfer kinetic energy to
1.94 GeV, but with an imperfect matching in transverse
phase space. Space charge forces result in both fast and
slow beam size growth and beam loss as the size exceeds
the AGS aperture. A proposed increase in the AGS
injection energy to 2 GeV with adequate kick strength
would greatly reduce the beam losses making it possible to
increase the intensity from 70 TP (70 * 1072 protons/s) to
100 TP. However the integral of flux density over the length
of the present AGS A5 injection kickers is insufficient for
injection at 2 GeV. R&D studies are being undertaken by
TRIUMF, in collaboration with BNL, to design two new
kicker magnets for the AGS A10 location to provide an
additional kick of 1.5 mrad to 2 GeV protons. The kick
strength rise and fall time specifications are 100 ns, 3% to
97%; the design goal is to achieve a field uniformity of +1%
over 85% of the cross-sectional area of the aperture.
TRIUMF has proposed a design for a 12,5 Ohm
transmission line kicker magnet powered by a matched
12.5 Ohm pulse forming line. This paper describes the
present status of the design including the results of detailed
2D and 3D electromagnetic modelling of the kicker magnet,
a novel mathematical model of the magnet, and PSpice
time domain analysis of the magnetic kick strength.

TUAO8POO0O6

Fully superconducting magnets for the MS-ECRIS ion
source

G. Ciavola, INFN-LNS, for the Ishibi collaboration.

Today the major infrastructures in Europe have adopted
the technology of Electron Cyclotron Resonance (ECR) lon
Sources for the production of their ion beams. Most of them
use 14 GHz ECRIS, except at INFN-LNS, where an 18
GHz superconducting ECRIS is in operation. In the past 5
years it was demonstrated, in the frame of the FP5 RTD
project called “Innovative ECRIS”, that the enhancement of
performances requires a higher frequency (28 GHz and
above) and a higher magnetic field (above 2 T) for the
hexapolar field. This RTD project has defined the most
salient features of the next generation of ECRIS. In this
activity we plan to build and test an ECR ion source based
on fully superconducting magnets able to satisfy the above
mentioned conditions. The EU needs new generation
ECRIS for its accelerators, comparable or even better than
what is under development in the USA and Japan. Such a
development represents a significant step further
compared to existing devices, as an increase of a factor of
ten typically of the performances is being planned. Our
main priority is to develop a Multipurpose Superconducting
ECRIS (MS-ECRIS), fully superconducting, in order to
reach magnetic fields still never achieved in ECR lon
Sources, and hence very high performances. The
maximum magnetic field will be higher than 4 T for the axial
field and close to 3 T for the hexapolar field, which
corresponds to values above 6 T within the conductor.

TUAO8POO7

Studies of Magnetic Field Coupling Between Various
Magnets used in 2.5 GeV SRS Ring

G. Sinha, V. Thakur, A. Kumar, M.G. Karmarkar, Govt. of
India, CAT.

Withdrawn.

TUAOSPOOS
The superconducting magnets with cryocoolers for the
ion sources DECRIS-SC

71

Y.A. Shishov, V. Drobin, V. Seleznev, V. Datskov, V.
Bekhterev, S. Bogomolov, S. Dmitriev, A. Efremov, B.
lakovlev, Joint Institute for Nuclear Research; H.
Malinowski, Electrotechnical Institute, Warsaw, Poland.
Two superconducting magnet systems (SMS) for the ECR
ion source DECRIS-SC and DECRIS-SC2 were designed
at the Joint Institute for Nuclear Research, Dubna, Russia.
The first one was manufactured and successfully tested in
2004. The peculiarities of this system include the use of a
GM cryocooler (1 W at 4.2 K) for the cryostabilization of the
magnet and a special configuration of magnetic field
required for the ion source. Four coils provide the magnetic
field induction on the axes of the source of up to 3 T (the
mirror ratio of approximately 6). Prepreg insulation is used
for compounding of the magnet's windings which are
indirectly cooled in the vacuum. A second SMS for ion
source DECRIS-SC2 is currently being prepared. Due to
the fact, that the microwave frequency of 14 GHz will be
used for ECR plasma heating, the minimum of magnetic
field in this region should be in order of 0.4 T. The
maximum field on the axes are equal to the values of 1.9 T
and 1.4 T in injection and extraction site respectively. The
required axial magnetic field is created by a set of four
solenoid coils with the inner diameter of 234 mm. The
cryostat vacuum vessel will be made from carbon steel and
will act as the system’s magnetic shield.

TUAO8POO09

Design of air-core magnets to correct multipole error
field leaking from large aperture septum magnets

T. Shimada, M. Watanabe, H. Hotchi, F. Noda, Y. Irie,
JAERI.

Withdrawn.

TUAO8PO10

A High Intensity Superconducting Atomic Beam
Source

M. Statera, M. Stancari, M. Capiluppi, G. Ciullo, M.
Contalbrigo, P.F. Dalpiaz, P. Lenisa, Universita di Ferrara
and INFN; M. Wang, INFN.

The next generation of polarized high energy physics
experiments at accelerators employing internal targets
requires a significant increase in density of the target. In an
atomic beam source (ABS) electron polarization is obtained
from Stern-Gerlach separation by sextupole magnets and
then transferred to nuclei by means of RF transitions. The
Universita di Ferrara and INFN group is developing a new
ABS characterized by an high intensity beam, using
superconducting sextupoles instead of a permanent
magnet system. The R&D activities performed in Ferrara
laboratory regarding an high flux microwave dissociator
and a test bench for low temperature field measurement
are presented. A preliminary design of the final high field (9
T) small bore (5-10 cm) superconducting sextupoles is
presented. The system will be built and tested in Ferrara.

TUAO8PO11

A Levitated-Pole Superconducting Dipole for Use in
the Beam Separators of LHC

P. Mcintyre, A. Sattarov, Texas A&M University.

A superconducting levitated-pole dipole has been designed
for use in separating beams in luminosity-upgraded
insertion regions of LHC. In that application the dipole
sweeps a large flux of energetic particles that were
produced in beam-beam interactions so that they impact
the side walls of the dipole with problematic doses of heat
and radiation. In the levitated-pole dipole, the
superconducting coil is bonded to a cold-iron pole tip that is
in turn supported within a warm-iron flux return. With



appropriate magnetic design the coil/pole tip assembly can
be levitated: the inward forces between the coils can be
cancelled by the outward forces across a back-plane gap
between pole tip and flux return. The benefit of this design
for the beam separator is that there are no
superconducting coils in or near the midplane, and the heat
and radiation of the lost particles is deposited in warm
steel. A design has been prepared that provides 8 Tesla
dipole field with clear aperture of 56 mm throughout. Issues
of field quality, mechanical support, and dynamic range will
be discussed.

TUAO8PO12

15T Pulsed Magnet for Mercury Target Development

P. Titus, MIT Plasma Science and Fusion Center; H. Kirk,
BNL; K. McDonald, Princeton University; P. Spampinato, V.
Graves, Oak Ridge National Laboratory; D. Rakos,
Everson Tesla Corporation; A. Fabich, J. Lettry, CERN.
MIT - PSFC is providing the design and analysis of a
pulsed copper coil that can produce 15T with sufficient
bore volume for use with mercury target experiments. A
muon collider, or neutrino factory require intense beams of
muons which are obtained from pion decay. Pion
production from a proton beam interaction is maximized by
use of a high Z target such as a mercury jet. A magnetic
field is needed for particle confinement. The magnet used
for the target development program will have a 15T
maximum field. The R&D effort involves analytic simulation
and experimental investigation of the mercury flow. Cost
and power supply limitations dictated a compact, low
inductance, high packing fraction design. A three segment,
layer wound solenoid was chosen for the pulsed magnet. A
15 second pulse is needed to obtain the 15 Tesla flat top.
The conductor is cold worked OFHC copper, inertially
cooled with options for liquid nitrogen or gaseous Helium
cooling between shots. The present intended cooling
scheme is LN2 bath cooling. Coil Manufacture has been
performed by Everson-Tesla in Nazareth PA. Mating with
the cryostats is being done by CVIP in Emmaus PA. Pre-
operational testing of the magnet is being done at MIT in
the PTF test facility in 2005. Testing with the mercury jet
cassette is planned at MIT in 2006. Status of manufacture,
and testing is presented. Configurations of the mercury
system and the system installation at CERN are described.

TUAO8PO13

Optimization of Superconducting
Quadrupoles for the High Current Experiment
G. L. Sabbi, A. Faltens, A.F. Lietzke, S. Mattafirri, P. Seidl,
LBNL ; N. Martovetski, LLNL; C. Gung, J. Minervini, J.
Schultz, MIT; R. Meinke, AML.

The Heavy lon Fusion (HIF) program is progressing
through a series of physics and technology demonstrations
leading to an inertial fusion power plant. The High Current
Experiment (HCX) is exploring the physics of intense
beams with high line-charge density. Superconducting
focusing quadrupoles are being developed for magnetic
transport studies at the HCX. A baseline design was
selected following several pre-series models. Optimization
of the baseline design led to the development of a first
prototype that achieved a conductor-limited gradient of 132
T/m in a 70 mm bore, without training, with measured field
errors at the 0.1% level. Based on these results, both the
magnet geometry and the fabrications procedures were
adjusted to improve the field quality. These modifications
were implemented in a second prototype. In this paper,
comparisons between the design harmonics and magnetic
measurements performed on the new prototype will be
presented and discussed.

Focusing
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TUAO09POO1

Effect of Magnetic Saturation on the Current Limiting
Characteristics of Transformer Type Superconducting
Fault Current Limiter

T. Kataoka, Tokyo Denki University; H. Yamaguchi,
National Institute of Advanced Industrial Science and
Technology.

The transformer type superconducting fault current limiter
(SCFCL) is one of the fault current limiters (FCLs) which
have been proposed to reduce the fault currents in power
transmission lines. It has many advantages such as design
flexibility of the current limiting device. However, the
transient behavior of this type of FCL when the
transmission line fault occurs has not been analyzed in
detail yet. Thus, in this paper the transient characteristics
of the transformer type SCFCL are analyzed by simulation,
considering the magnetic saturation of the transformer iron
core. It is assumed that this FCL is applied to a simple
transmission line where a short-circuit fault occurs. In the
simulation analysis, the magnetization curve of the
transformer core is expressed by Froelich's formula and
the time-dependent resistance of the current limiting device
during its S-N transition is represented by an expression
containing an exponential function of time. The analysis is
carried out using the parameters of an experimental
SCFCL and transmission line. The transient current and
voltage waveforms at various parts of the FCL at the short-
circuit fault are shown for different fault phase angles. It is
shown that the transmission line fault current that has been
reduced by the SCFCL will increase again considerably
due to magnetic saturation of the transformer core. This
has to be considered in the design of the transformer.
Experimental results are shown to justify the analysis.

TUAO09PO02
Test results of a Superconducting Fault Current
Limiter using bifilar coil of BSCC0O-2212

C.A. Baldan, C.Y. Shigue, D.S.S. Figueira,
DEMAR/FAENQUIL;, E. Ruppert Filho, R.C. Freitas,
FEEC/Unicamp.

A single-phase superconducting Fault Current Limiter using
a bifilar coil of BSCCO-2212 tube was tested in 220V -
60Hz line during fault current between 1 kA to 4 KA,
operating in 77 K. In this work are presented the current
distribution and the magnetic field calculations used in the
analysis of current limiter. The experimental setup is
described and the test results are presented for the unit
conducting a steady nominal AC current of 200 A, and also
during the fault time (1 to 6 cycles). The performance of the
bifilar coil to provide the limiting impedance associated with
the dynamic resistance developed during the beginning of
the fault was analyzed and compared with other types of
superconducting current limiters.

TUAO9POO03

Application of Superconducting Fault Current Limiter
to Protection of High Temperature Superconducting
Conductor

S-W. Yim, K. Kishio, Department of Superconductivity,
University of Tokyo, S-H. Lim, Research Center of
Industrial Technology, Chonbuk National University; S-D.
Hwang, O-B. Hyun, KEPRI.

As a prospective protecting method for high temperature
superconducting (HTS) machines, superconducting fault
current limiter (SFCL) has been expected. For the



application of SFCL, firstly, the quench characteristics of
HTS tape are to be analyzed, and then, the switching
power density of SFCL should be considered
simultaneously. In this study, based on the electrical
behavior of Bi-2223/Ag tape in transient state, the
possibility of SFCL application was investigated as a basis
study for the protection of HTS power machines. For the
experiments, a Bi-2223/Ag tape having the critical current
of 57 A and a resistive type SFCL fabricated using 3
elements of YBCO thin film were tested linked together.
When the applied current exceeded the rated current of the
SFCL, the current was limited completely. However, over
40 V could not be applied because of the restriction of the
power density of the SFCL. On the other hand, as a
method to increase the power density, a shunt resister was
adapted to the SFCL and current limiting ability was tested.
In this case, the results showed that the over-current was
limited under the safe operation range for HTS tape and
the SFCL was also safe, even though 100 V was applied to
the tested circuit. In conclusion, the switching power
capacity of SFCL could be increased using shunt resistor,
protecting HTS tape safely according to the safty margin of
Bi-2223/Ag tape.

TUAO09PO0O4

An Analysis and Short Circuit Test of Various Types of
Bi-2223 Bifilar Winding Fault Current Limiting Module
D.K. Park, M.C. Ahn, S. Park, H. Kang, D.K. Bae, S.E.
Yang, T.K. Ko, Dept. of Electrical and Electronic, Yonsei
University.

This paper deals with one of the feasibilities of fault current
limiter (FCL) by using high temperature superconducting
(HTS) wire. The HTS wires are very useful to apply to
various superconducting equipments and have the highest
productivity of all superconductors. The FCL using HTS
wire has some advantages of stability, flexibility of structure
and cost compared with existing superconducting FCLs
using bulk or thin film. Even if the FCL using HTS wire has
zero resistance in normal state, it needs to be wound as a
bifilar winding for non inductance. In this paper, four types
of FCL module with bifilar winding were suggested,
manufactured and experimented with short circuit tests in
77K. The FCL modules have different fault current limiting
characteristic and stability respectively. These types of
module are solenoid, pancake, solenoid impregnated with
epoxy resin and pancake impregnated with epoxy resin.
The FCL module was applied by controllable AC bias
during fault duration, 0.1s or 0.2s, from 0.5V to 22V. A
process of fault occurrence in this test is very similar to a
fault occurrence in real system. In results of tests, the
pancake type was more effective to limit a fault current
than the solenoid type. Also modules impregnated with
epoxy resin showed more efficient current limiting
characteristics than non-impregnated modules. The
solenoid type has better characteristic of stability. The
feasibility of the FCL by using HTS wire was verified by this
paper.

TUAO9POO5

Design and Manufacture of a Superconducting Fault
Current Limiter with Bypass Reactor by Employing
Two Different types of HTS wires

M.C. Ahn, D.K. Bae, S.E. Yang, D.K. Park, H. Kang, T.K.
Ko, Department of Electrical and Electric Engineering,
Yonsei University; Y.S. Yoon, Ansan College of
Technology; K. Sim, KERI.

A resistive superconducting fault current limiter (SFCL)
using Bi2223 wire and YBCO coated conductor has been
developed. The SFCL has two coils; one is bifilar winding
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coil wound using coated conductor, and the other is a
typical coil using Bi2223 wire. The bifilar coil plays a role of
switching when a fault occurs, while it has very small
impedance in normal operation. On the other hand, the
typical coil using Bi2223 wire has very small resistance but
large inductance. The two coils were connected in parallel.
A nominal current flows mainly thru the bifilar coil during
normal operation. A partial fault current flows thru Bi2223
coil because the resistance of the C.C. bifilar coil rises.
Two types of FCL were manufactured and tested; those
were a conventional bifilar one which has only one coil
using C.C. wire and the proposed one which has two coils.

The proposed one has faster recovery than the
conventional one.

TUAO09POO06

A study on the optimal design of the stabilizer of
coated conductor for the application to the

superconducting fault current limiter

M.C. Ahn, D.K. Park, S.W.K. Park, D.K. Bae, M. Joo, T.K.
Ko, Department of Electrical and Electric Engineering,
Yonsei University; C.J. Lee, B.R. Seok, Hyundai Heavy
Industries Co., Ltd.; H.M. Kim, LS Industrial Systems Co.,
Ltd.

A superconducting fault current limiter (SFCL) using high
temperature superconducting (HTS) wire has been
developing in Korea. While the first-generation wire has
difficulty to adopt various matrices because that is made by
PIT process, it is relatively easy to choose a matrix of the
second-generation wire. In general, C.C. tape has a thick
metal layer as a stabilizer above YBCO layer. In addition,
the material of the metal layer has good electrical
conductivity. However, SFCL plays role of limiting fault
current using high resistivity when a fault occurs.
Therefore, it is important for the design of this type SFCL to
choose and design the stabilizer. In this paper, over-current
characteristics of C.C. tapes which have various
specifications of stabilizer were investigated
experimentally. A simulation program for analyzing the
quench characteristics was developed. Simulation results
agreed with the experimental results. As a result, it was
possible to design of the stabilizer of the C.C. by using the
simulation. The design an SFCL using C.C. wire rated on
13.2kV/630A was performed using the optimal design of
the stabilizer.

TUAO9POO07
Quench Characteristics of HTSC Elements in
Integrated Three-Phase Flux-Lock Type

Superconducting Fault Current Limiter

C-R. Park, B-S. Han, Division of Electronics & Information
Engineering Chonbuk National University;, S-H. Lim,
Research Center of Industrial Technology, Chonbuk
National University; H-M. Park, H-S. Choi, Department of
Electrical Engineering, Chosun University.

In this paper, we investigated the quench characteristics of
HTSC elements in the integrated three-phase flux-lock type
SFCL according to fault types such as the single-line-to-
ground fault, the double-line-to-ground fault, the line-to-line
fault and the three-line-to-ground fault. The integrated
three-phase flux-lock type SFCL was an upgrade version of
single-phase flux-lock type SFCL. The structure of the
integrated three-phase flux-lock type SFCL consisted of
three-phase flux-lock reactor wound on an iron core with
the ratio of same turn between coil 1 and coil 2 in each
phase. When the SFCL is operated under a normal
condition, the flux generated in the iron core is zero
because the flux generated between two coils of each
single phase is canceled out. Therefore, the SFCL'’s



impedance is zero, and the SFCL has negligible influence
on the power system. However, if a fault occurs in any
single one of three phases, the flux generated in the iron
core is not zero any more. The flux makes HTSC elements
of all phase to quench irrespective of the fault type, which
reduces the current in fault phase as well as the current of
sound phase. It was obtained that the fault current limiting
characteristics of the suggested SFCL were dependent on
the quench characteristics of HTSC elements in all three
phases.

TUAO9POO0OS8

Experimental and Numerical analysis of electro-
thermal and mechanical phenomena in HTS tube of
inductive SFCL

S. Kozak, G. Wojtasiewicz, J. Kozak, B. Kondratowicz-
Kucewicz, Electotechnical Institute in Warsaw, Laboratory
of Superconducting Technology, T. Janowski, Lublin
University of Technology.

The superconducting fault current limiter (SFCL) can be
used to limit the short-circuit current level in electrical
networks to 5 (or less) times of rated current level. The
inductive SFCL works like transformer with shorted
secondary winding in a shape of HTS tube. The physical
model consists of superconducting Bi-2223 tube (critical
current = 625 A at 77 K), iron core and copper primary
winding. The numerical model using the "electro-thermal”
physical domain which is the coupling of an "electric
conducting" problem with a "transient thermal" problem of
CAD package FLUX has been used to analyse of
temperature distribution in HTS tube during fault. The
numerical model using the "magnetodynamic" physical of
FLUX package was used to analyse the mechanical force
in HTS tube during fault. The paper tries to explain the
reason why the HTS tubes quite often break during
experiments.

TUAO9POO09

Fault Current Limiting Characteristics of Integrated
Three-Phase Flux-Lock Type SFCL

S-H. Lim, Research Center of Industrial Technology,
Engineering Research Institute; C-R. Park, B-S. Han,
Division of Electronics and Information Engineering,
Chonbuk National University; H-S. Choi, Department of
Electrical Engineering, Chosun University.

The integrated three-phase flux-lock type superconducting
fault current limiter (SFCL), which consisted of three-phase
flux-lock reactor and high-TC superconducting (HTSC)
elements connected in series with coil 2 of each single
phase, was proposed and the short circuit analysis of the
suggested SFCL was performed. In a normal condition, the
flux generated in the iron core is zero because the flux
generated between two coils of each single phase is
canceled out. When a fault happens, however, the
integrated three-phase flux-lock type SFCL shows the
different fault current limiting characteristics from the three-
phase SFCLs with three isolated iron cores according to
the fault types such as the single line-to-ground fault, the
double line-to-ground fault, the line-to-line fault and the
three lines-to- ground fault. In this paper, we investigated
the fault current limiting characteristics of the integrated
three-phase flux-lock type SFCL magnetically coupled
among three phases through the computer simulations and
the fault current limiting experiments. Through the analysis
for the operational characteristics of this SFCL due to the
design parameters such as the resistance of HTSC
element, the winding direction and the inductance ratio
between coil 1 and coil 2 in each single phase, the fault
current limiting characteristics of it were compared.
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TUAO09PO10

Operational Characteristics of Hybrid-Type SFCL by
the Number of Secondary Windings with YBCO films
H-S. Choi, Y-S. Cho, Electrical Engineering Chosun
University; S-H. Lim, B-S. Han, School of Electronics and
Information Engineering, Ch