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Introduction

• The LHC-Accelerator Research Program (LARP) has been 
designing and fabricating R&D magnets for the High 
Luminosity Upgrade for over ten years

• Inner triplet quadrupoles using Nb3Sn.  US in-kind contribution.

• “MQXF”
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http://www.uslarp.org/
http://hilumilhc.web.cern.ch/
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MQXF - Magnet
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MQXF - Coil

• Two layers

• Four blocks

• No grading
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MQXF Conductor     .

• 108/127 stack Nb3Sn wires

– 0.850 mm diameter, uncoated

• 40-strand cable UL ~500 m

– 18.15 mm wide

– 1.525 mm thick

– 0.40° keystone (“2nd generation”)

– With stainless steel core

– Unannealed strands
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Motivation

• Nb3Sn: wind & react  impact on 
coil due to cable dimension change 
during heat treatment, esp. 
length, width, and thickness?
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Complication
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Cable insulation changes cable behaviour!
LBNL experience shows that dimension change is different between confined and unconfined cables



Large Hadron Collider

Accelerator

Research

Program
Past Experience

• Unconfined cables 

– Cables are free to expand or contract in width, thickness, and length

• Confined cables 

– Width and thickness defined by tooling that is bolted together

• Cable width and thickness are determined by CME at 17 MPa 

• Insulation thickness are determined at a reference pressure

– Length is not confined. 
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Unconfined Cables
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Confined Cables
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Confined vs. Unconfined Cables
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Unconfined Cables
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Materials

Cable Samples (“1st Generation”)

• SQXF03 Inner - P33OL1053CB(70)B*

• SQXF-PC01b - P35OL1056AB(70)B

• SQXF04 Inner - P33OL1057AA(00)B

• SQXF05 Outer - P33OL1057AD(40)B

Details

• 108/127, Ti-doped, reduced-Sn, 0.55° KS; 
annealed prior to cabling

• 132/169, Ti-doped, Standard-Sn, 0.55° KS; 
annealed prior to cabling

• 108/127, Ti-doped, reduced-Sn, 0.55° KS; 
annealed prior to cabling

• 108/127, Ti-doped, reduced-Sn, 0.55° KS; 
annealed prior to cabling
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* This cable was test-wound on a Selva winder and subsequently straightened.  
It had matrix painted on the insulation every ~24” in 6 to 12” painted sections.
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Reaction Method

• S2-glass Sleeve

• S2-glass Braid

• S2-glass Braid + CTD-1202 Matrix  
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304 Stainless steel tooling held by wire wrap 
for reacting the cables in the “unconfined” 

condition while keeping them straight.  
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Heat Treatment

• 210°C for 72h + 405°C for 50h + 654°C for 50h and furnace cooled

• ± 5°C and ± 5 h at dwell; under flowing Ar
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Measurement Methods

• Length measured with a caliper (±0.002”)

• Mid-thickness, width, and keystone 
angle measured by CME (17 MPa)
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The ends of the cables and wire were 
welded, sealing the ends plus providing a 

reference surface for measurements
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Results
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Conclusion

• Confined and unconfined cables behave differently
– Length shrinks with greater width and thickness increase when 

unconfined; whereas cable elongates when confined 

• Braid and sleeve have different effect on cable dimension 
change during heat treatment  impact of insulation
– braid is like a cable with width and thickness confined

– Slight length shrinkage and slightly larger thickness increase than C

• “Matrix material” degrades the braid but the effect on cable 
dimension change is similar: ~3% increase in mid-thickness
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Coil Cross Section Analysis

• Direct coil cross section analysis 
comparison is difficult due to many reasons

– Cable parameter definitions

– Thickness variation

– Core folding

– etc. etc.

• Future papers:

– MT24 (abstract 0101OP0696 by Holik et al.)

– EuCAS (abstract A51662EH by Pong et al.)
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