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Overview

Scope:
•Design / Build / Test / Ship (10) 
cold masses in 5 cryostats

Design Basis: RHIC DX Dipole
•18cm aperture Cosθ NbTi, 4.3T 
@4.6K
•1 layer coil, 71 turns, 11.68mm 36 
strand cable
•641mm O.D., 3.7M magnetic length

History:
•12 units operating reliably in RHIC 
for ~ 9 years
•Most difficult magnet in RHIC:

•200 mPa coil azimuthal preload
•440 kN axial coil preload
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Anticipated Changes - coil

Coil Ends
• Large radius, constant perimeter conductor path –

significant angle from vertical
• Large grouped spacers between turns
• Large preload due to high axial Lorentz forces

→supplemental support required
→Opportunity for improvement for LHC:

→Greater quantity of thinner spacers for better composite 
structure

→Reduce conductor angle from vertical
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Yoke Options for LHC D1 from RHIC 
DX (courtesy R. Gupta)

Note : Circular yoke has ~ 6.5 mT fringe field outside 
cryostat in 2-D* and ~2.4 T in yoke at midplane. 

Sextupole saturation is ~8 unit at 2/3 radius.
Field in the yoke 
and cryostat at 
Bo ~3.6 T

Fringe field 
outside the 
cryostat at 
Bo ~3.6 T

Note : Oblate yoke has ~ 0.7 mT fringe field outside 
cryostat in 2-D* and ~2 T in yoke at midplane. 
Sextupole saturation is ~3 unit at 2/3 radius.

BNL 2-in-1 
dipole in 
standard 
LHC 
Cryostat

*iron is removed in coil ends
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Anticipated Changes – Cold Mass

Reduce Yoke O.D.to fit LHC cryostat
“Cascade” effects:

• shell diameter
• end plate diameter (thickness?)
• end volume diameter

Cold Mass Interface elements:
• helium supply, exiting current leads as needed
• Support cradles to match LHC posts
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Anticipated Changes – Magnet

2 Cold Masses in 1 Cryostat

Probable (Possible?) Configuration:
• Standard LHC heat shield
• Standard LHC crysotat (except length - diameter, legs, survey 

monuments, etc.)
• 4 standard LHC support posts (2 per cold mass)
• Leads pointed toward center (for common power, elimination of 

bus, etc.)
• Centrally located IFS lines, helium supply, etc.
• “Non-weight bearing” axial anchor between cold masses (limits 

thermal contraction effects on power leads, helium lines)
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Not Anticipated – Planned

• Warm to Cold transitions at magnet ends
• Warm bore tubes
• Quench protection (other than internal 

quench resistors)
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Tooling Status

• All tooling completely proven during 
production

• Some tools idle since
• Some tools reconfigured for other programs & 

need reconversion (collaring press, etc.)
• Some tools require remediation, eg.:

• Curing press – oil leak in heat exchanger
• Winding machine – obsolete computer system
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Available Equipment 1

Cable Insulating Line



Slide No. 11
M. Anerella

Superconducting 
Magnet Division

LARP+LAUC DOE Review June 19-20, 2008

Available Equipment 2

18cm Coil Winding 
Mandrel 
Supports

7M Winding Machine
18cm Coil Winding 

Carriage, Roller 
Supports & Rotating 

Drive



Slide No. 12
M. Anerella

Superconducting 
Magnet Division

LARP+LAUC DOE Review June 19-20, 2008

Available Equipment 3

Coil Curing formblock

Coil mandrel
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Available Equipment 4

curing press
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Available Equipment 5

Collaring Press
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Available Equipment 6

Lifting Devices
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Available Equipment 7

Yoke Assembly / Shell 
Welding Fixture
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Available Equipment 8

Uprighting Fixture
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Available Equipment 9

6.1M Vertical Test 
Dewar

Dewar I.D. = 700mm

Crane Hook max. height 
= 7.6M

Dewar height above 
floor = 0.9M 

(max. coil length ~ 6M)
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Available Equipment 10

Cold Mass Insertion into 
Cryostat
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Available Equipment 11

Shipping Container, 
Shipping Restraints
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Schedule Highlights

FY10:
• Design Mods

•Coil ends
•Interfaces: Cradles, Helium ports, etc.
•Cryostat Assembly

• Procurement: SC, Coil Parts, Cold Mass Parts (30%)
• Re-commission tools
• Complete Test Coils
• Start Cold Mass #1
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Schedule Highlights (cont’d)

FY11:
• Procurement: Cold Mass Parts (70%)
• Complete CM #1 Assembly & Cold Test

→Wait for test before starting CM #2 Coils
• Complete Coil Fabrication
• Assemble, Test CM #2 through CM #8
• Assemble and Ship Magnet #1 and Magnet #2
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Schedule Highlights (cont’d)

FY12:
• Assemble, Test CM #9 and CM #10
• Assemble and Ship Magnets #3, #4 and #5

→ Last Delivery at CERN ~ April 2012
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Schedule I
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Schedule II
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Schedule III
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Preliminary Cost Estimate

Based on:
• “bottoms-up” based on DX actual, LHC actual prices, etc.
• Escalation included @ 3% per FY.
• Detailed labor plan based on available equipment, manpower, 

current rates w/ esc.
Contingency: 22.5% (FY09), 30% (FY10), 37.5% (FY11).
No provisions for magnet failures, retests, etc. beyond contingency.
Assumes “special construction” reduced OH as in LHC (ok for 

TPC > $25M).
Minor updates still being made, rigorous internal check to come.

→ ~ $14.7M inc. contingency:

$0.6M (FY09), $3.3M (FY10), $5.4M (FY11), $5.4M (FY12)
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Conclusions, Observations

• Easy start to production
• Plan developed demonstrates satisfaction of 

CERN delivery requirements
• Some technical issues need to be addressed
• Small schedule contingency – need early start 

of some activities if possible to provide 
additional cushion

• Very high probability of success (12 units 
operating in RHIC for  ~ 9 years)


