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RTML Magnet Styles
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RTML Magnet Parameters
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EDR Magnet Deliverables

1. Design each magnet style:
- Magnetic design (2D and if need 3D magnetic field simulations to confirm specified field g g ( g p

quality and magnet performance;

- Pole profile and geometry optimization for better integrated field quality;

M h i l d th l l i- Mechanical and thermal analysis;

- Magnet documentation.

2. Magnet documentation package should include at least:2. Magnet documentation package should include at least:
- Magnet specification with all needed parameters;

- Results of magnetic field analysis and also mechanical and thermal calculations.

- Magnet drawings with at least cross-sections and views transverse and longitudinal with 
all connections to the power, water, instrumentation and corresponding schematics;

- Description of all used materials: iron copper insulation probes cables etcDescription of all used materials: iron, copper, insulation, probes, cables, etc…

- Description of magnet manufacturing technology: winding coil technique, epoxy 
impregnation, curing, stamping laminations, yoke and magnet assembly, etc…

M t t t t l i ith dj ti h i
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- Magnet support structure general views with adjusting mechanisms 

- Drawing of magnet mounting in the tunnel.



EDR Magnet Design and Integration Process

1. Magnet design should be made by professionals only. 

2 The time depends on the experience of design engineer and supporting2. The time depends on the experience of design engineer and supporting 
team. Only institutions with accelerator magnet design, building and testing 
experience should participate.

3 D i h ld th l t ifi ti d t3. Designers should use the general magnet specification document as 
guidance for magnet design. This document should describe in general way 
the magnet technology which must be used.

4. The magnet design and integration should include several steps:

1. Magnet conceptual design. 

2. Review magnet parameters and integration with power supply, cooling, 
vacuum, instrumentation, control systems and civil construction.

3 Magnet optimization to optimize performance cost technology3. Magnet optimization to optimize performance, cost, technology, 
mounting, installation, etc.

4. Review of optimized system including matching to other sub-systems.
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5. Preparing pre-fabrication drawings and documentation.



EDR Magnet Design Information Flow

Beam Optics Specs. Civil Construction

Magnets Lattice & Layout Power Supplies

Magnet Conceptual Design Cooling System

Magnet Integration Control System

Magnet Documentation Installation

Writing EDR report section Magnetic Measurements
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Industry Cost Estimation



Magnet Design Issues

1. The design process and  information flow, data exchange between different 
areas, regions, institutions, teams, specialists. We should expect large 
fraction of time will be waiting additional information, technical decisions, 
changes in specs, etc…

2. Integration with other sub-systems and making technical decisions for all teg at o t ot e sub syste s a d a g tec ca dec s o s o a
areas simultaneously on the same issue and problem.

3. Find professionals for magnet design and integration with needed 
experienceexperience.

4. Converting R&D projects into useful results for EDR.

5 Wasting large fraction of specialists time for meetings reports reviews5. Wasting large fraction of specialists time for meetings, reports, reviews, 
travels with corresponding low impact on EDR progress.

6. Any change in lattice or general magnet parameters will cause magnet 
redesign and corresponding design time increase. 

7. The late start of EDR  writing.

8 I d t t ti ti f diff t i d fi k
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8. Industry cost estimation for different regions and firm ranks.



RTML Magnet WP

6.  Magnets and PS
D i if & i i DC i lDesign, specify & optimize DC conventional 
magnets
Optimize number of types and apertures
Design warm quads, bends and correctors
Design and prototype BC wiggler wide aperture 
magnet g
Design, prototype quad/corrector for return line 
Design tune-up Septa and PS
Design and Specify pulsed magnetsDesign and Specify pulsed magnets
Design tune-up extraction kickers and pulsers
Design feed-back,  feed-forward correctors and PS
Design/prototype SC quad/corrector for BC1/BC2Design/prototype SC quad/corrector for BC1/BC2
Design, specify SC solenoid
Optimize PS and cabling
D i if DC PS
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Design, specify DC PS
Design stable supports for magnets



Major Tasks and Objectives

1. Magnets and PS specifications

2. Magnets and PS conceptual design

3 D i M t d PS f b i ti t t i t ll ti d i3. Design Magnets and PS fabrication, test, installation, and repair

4. Magnets and PS optimization to reduce total cost

5. Magnets and PS prototyping at the level of available funds

6. Magnets and PS tests

7. Writing EDR collaborative report7. Writing EDR collaborative report 

9



Deliverables from WP

1. All Magnets and PS conceptual drawings, schemes

2. Conceptual drawings of magnets mounting in the tunnel

3 D i f ll t t3. Drawings of all prototypes

4. Prototypes test results

5. Results of optimization

6. RTML Magnets and Power Supplies section of EDR
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WP Major Milestones

1. Magnet and PS specifications
February 1, 2008

2. Room temperature magnets and DC PS conceptual design   
October 1, 2008

3. Superconducting quadrupole package design
October 1, 2008

4. Superconducting and pulsed magnets and PS conceptual designs 
February 1, 2009

5. Magnets and PS optimization and cost analysis
October 1, 2009

6. Magnets and PS prototypes fabrication and tests
February 1, 2010
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7. Finish writing EDR RTML Magnets section
May 1, 2010



Required Resources, Facilities and Groups

1 E i d i M T h l E i D i1. Experienced in Magnet Technology: Engineers, Designers, 
Drafters, Scientists

2.  Design, Test, and Fabrication facilities

3. Who is interested and contact persons at the moment:p

FNAL – N. Solyak (Area Leader), J. Tompkins, V. Kashikhin – Magnets 
Design, Prototyping, and Testsg , yp g,

KEK – K. Tsuchiya – Magnets Design
SLAC – P. Bellomo – Power Supplies 
UBC – T Mattison – Pulsed Magnets DesignUBC T. Mattison Pulsed Magnets Design
Efremov Institute – E. Bondarchuk  – Magnets Design and Prototyping
JINR – E. Syresin, N. Morozov – Magnets Design
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Minimum of Required Resources

1. Magnet specification – 1 week (Scientist, Engineer)
2. 2D Magnetic design – 2 weeks (Engineer)2. 2D Magnetic design 2 weeks (Engineer)
3. Magnet engineering design – 2 week (Engineer)
4. Conceptual design drawings – 4 week (Designer)
5 Magnet support and installation in the tunnel - 2 week (Designer)5. Magnet support and installation in the tunnel  - 2 week (Designer)
6. Magnet optimization and integration with other systems – 2 weeks 

(Engineer)
7 M t d i ti i l di f b i ti t h l t t7. Magnet description including fabrication technology, test program, 

installation and repair – 2 weeks (Technology Engineer)
Total per magnet – 15 weeks or 0.3 FTE

14 DC RT Magnets:  ~ 4.2 FTE
SC Quadrupole package : 0.8 FTEg
SC Solenoid: 0.5 FTE
Septums: 0.5 FTE
Power supplies: 3 FTE
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Power supplies: 3 FTE
Pulsed magnets: 2 FTE
Total magnets and PS: 11 FTE or 5.5 FTE/year



Summary

• All RTML magnets are feasible for design and fabrication.

• Total number of magnets  4576.g

• Number of magnet styles: Dipoles- 6, Quadrupoles – 4 plus 1 –
superconducting, Correctors – 2 plus 1 superconducting, 1 superconducting 

l id l t b d ki ksolenoid, plus septums, bumps and kickers.

• Time frame for the magnet design depends on many factors (region, firm, 
institution salary range experience supporting structure etc )institution, salary range, experience, supporting structure, etc.).

• Magnets for R&D and prototyping: 1- conventional dipole, 1- conventional 
quadrupole, 1- corrector, 1- superconducting quadrupole package including q p , , p g q p p g g
correctors, 1- superconducting solenoid 0.5 m model.

• Goals for R&D: prove chosen magnet technology, reliability, investigate 
i bili i d l BBA h i ff i di lmagnetic center stability in quadrupoles at BBA, hysteresis effects in dipoles, 

prove the chosen magnetic measurement technique. Investigate coupling 
effects between main magnet and correctors. Investigate the magnets long 
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term behavior.


