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Outline
Project involvement and Contribution to Physics 

Division

– Operations support for the halls and Cryo

– Publications

– Support for DOE reviews

– On the ‘immediate’ horizon

• MOLLER (Hall A)

– ‘The Mysterious Case of the Misbehaving Solenoid’



Dave Kashy

 Cryo - 2K Cold Box - Chaired the SC1R 2K Cold Box Installation Review wrote up interim report. Awaiting 

response from the Cryogenics group. 

 Cryo - ESR2 / Targets –

 Original goal from previous ESR2 analyses (2010-2017) was to maximize capacity and minimize power bill. Looked in 

detail about possible distribution to the Halls for target gas at low pressure. 

 Along with C. Keith deemed this impractical. Encouraged Cryo to analyze capacity and electrical cost for providing 

target gas at “high pressure” (~16atm) and at a variety of pressures. With this information, a detail analysis was 

carried out of cryogenic target coolant gas distribution from ESR2 to Halls A and C for both High Power (5kW) and 

standard  (1kW) H2 targets. Relayed this information to the Target and Cryo groups.



Dave Kashy

 CEBAF Arc Magnet Stand Misalignment - Developed a hypothesis (cyclic loading of bolts, due to 

temperature cycles, is more than recommended amount causing bolts to lose pre-load ) and analyzed it as 

to the cause and suggested a solution – limit torque on upper capture bolts, weld washers to plate to limit 

slippage



Dave Kashy

 Hall A (MOLLER)

o Reviewed the test data from the MIT test of the prototype coil and 

put that data on plots along with Jlab calculations. This showed 

that the data as provided did not match well with any calculation 

method. This was followed up with a review of the data provided 

and MIT realized that they had not included in the report the 

system return pressure. Once subtracted the data fell within 

reasonable range of expected values (with Sandesh)

o Worked on conceptual layouts of conductor winding for two 

options for the Moeller Hybrid Coil and gave sketches to the 

designers to lay them out. Started analyses of the coil 

heating/cooling, coil forces and concepts and hand calculations for 

coil supports. (with Sandesh and Randy)

o Preliminary design for upstream torus coils. Goal was to reduce 

winding complexity (lower cost), use standard conductor, minimize 

pressure drop and temperature rise and limit current density. All 

to within our design parameters (with Sandesh)

o Preliminary design for power bus bars for hybrid (downstream) 

torus. Sent to collaboration for inclusion in their study of particle 

envelop trajectory so that real effects of actual hardware will not 

be missed when detail design begins. (with Randy)



Dave Kashy

 Hall B (CLAS12) - Wrote detailed procedure for 80K warm up and cooldown of the CLAS12 cryogenic 

system and cross trained D. Insley on this process before and after the SAD December 2018

 ASC2018 - Attended the Applied Superconductivity Conference in Seattle Wa, and gave an oral 

presentation about the CLAS12 Torus and Solenoid Commissioning

 NIM2019 - Wrote sections and helped with editing of the CLAS12 NIM article on the CLAS12 

superconducting magnets



Probir Ghoshal

 Hall A - MOLLER – Torus magnet coil designs (OPERA FEA, fault scenarios, coil forces)

 Hall B – Solenoid fast discharge (dump) investigation

 Hall C – Supporting calculations for Quench-back due to fast decaying currents which induce
losses in SHMS Magnets (with Eric Sun)

 Hall A - Model Quads with actual dimensions and conductor layout in order to produce stray
field maps – Complete 2018

 Hall B – Modelling actual Torus coil conductor layout to improve match with measured
magnetic field data - Complete 2018 (with Dave)

 JLEIC - Conceptual magnet design study employing CICC, evaluation of ac loss, quench
behavior, magnet protection, and cooling power requirement for 1T/s ramp rate-3T booster
dipole magnet for JLEIC – Complete 2018



Dan Young

 Hall A - SBS GEn Experiment. Target and Laser Box Access 
Platforms

 Hall B – Heater plate assembly for relief valve on solenoid 
– Complete 2018

 Hall C - Supporting the design and detailing of 
components for the He3 Experiment

 Hall C - Created solid models of conductor cross sections 
and modified as required to reflect different iterations 
needed for engineering analysis (with Eric Sun)

 Hall C - Continued support of the Hall C Beam Line 
component configuration change to achieve the required 
experiment minimum angles.

SBS-Gen Experiment – Hall A
Target Chamber/Magnetic Field Shield  Assy Installed

Laser Box Assemblies are  shown on second level
Personnel Access Platforms shown installed

Model used in analysis of superconducting coil at 
the cable level.  Analysis was done to obtain the 
average material properties of superconducting 

cables without insulation



Randy Wilson

– Hall A - Created a Q4 Coil model for plot point extraction (with Probir
Ghoshal) – Complete 2018

– Hall A - Modeled the Moller downstream hybrid coil assembly

– Cryo - Designed CHL2 compressor relief valve pipe spools



Randy Wilson

- Cryo - Designed CHL1 recovery compressor supply/return pipe spools

- Cryo - Worked at least one weekend per month for LN2 delivery,  cryo-plant 
monitoring and walk-through for CHL

- LCLSII - Designed all the cryo-plant gauge panels for LCLS II



Sandesh Gopinath

 Hall A - Support design, procurement, assembly, testing & survey of APEX target system.

 Modify/replace components due to unseen mechanical interferences. For e.g. Issue with linear 
bearings  housing being larger than bellows ID, NO DRAWINGS/DOCUMENTS available for the 
vertical motion system.

 Interface with vendor and hall techs for last minute fabrication needs. 

 Additions to make life easier for  Survey group and help them in tight situations. 



Sandesh Gopinath

 Hall A – MOLLER Perform preliminary thermal, fluid and structural analysis on the Moller 
hybrid torus and beamline components.

 Calculations comparing pressure drops in water circuits with MIT results from testing the prototype

 CFD simulations using ANSYS FLUENT to study/compare/validate theoretical pressure drops and 
temperature rises in individual coil windings.

 Thermal simulations to study inter-winding heat transfer through epoxy (since windings with 
different currents & water flows will be potted together).

 Structural calculations for thin windows, beam-pipes and coil strong-back support .

CFD simIulation dp

Segmented concept

Fluid Calcs

Coil support 



Renuka Rajput-Ghoshal

 JLEIC – 2017-2019

 Preliminary design of all SC quadrupoles, skew quadrupoles, solenoids, corrector magnets for
Ion and Electron beam lines in the interaction region has been completed.

 Wrote the Interaction Region magnet design part of the pre-CDR report in September 2018.

 All SC magnets for the higher center-of-mass energy will need to be redesigned. Helping to
prepare the updated pre-CDR report.

 The new design has a doublet structure instead of the more conventional triplet structure.
The Accelerator Advisory Committee has also recommended to reduce the field (or field
gradient) to allow use of NbTi superconductor.

 Latest IR layout is shown on the next slide - main focus is on iBDS1a and iBDS1a - dipole
corrector magnets. The main field (By) is 2.5 T and Bx is approximately 1.3 T, these are large
bore magnets. In order to get the required integrated field, magnets needs to much longer
than the space available.

 Hall B – Solenoid – Improving the match between modelled and measured magnetic field data 

 Hall B – Solenoid and Torus interaction studies – examination of measured load cell data and 
comparison with models



IR Layout (February 6th 2019)

iBDS1a and iBDS1b are the 
dipole corrector magnets 
(labelled as SB1 previously)

Element 
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Y 
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[m]

iBDS1a RBEND 0.85 4 35.2 45.2 1.30 2.47 -0.271 0 5.418

iBDS1b RBEND 0.85 4 40.5 50.5 -1.09 2.24 -0.327 0 6.467

Dipole field [T]

PEP-II resistive magnets

Renuka Rajput-Ghoshal



Eric Sun

Hall C - Quench-back Management of SHMS Magnets

• Operation shows that fast dumps of the SHMS Q2/Q3 and Dipole trigger quenches, causing some level of 
operational difficulty – e.g. loss of all helium

• Tests and detailed analyses indicate that a fast discharge produces fast current decay, resulting in substantial ac 
loss in the conductor and subsequently triggers a ‘quench-back’ effect.

• Recommendation: Modified (new) dump resistors could manage quench-backs. 

• In the process of writing a journal paper.

• New modelling Mathcad tool has been developed.



Eric Sun

Stress analysis of JLEIC magnet coil set

 Investigation of high field, highly stressed Nb3Sn magnet (JLEIC QFFB2)

 Comparison with published data from FNAL (Hi-Lumi LHC project)

 Provides a means of extending JLab’s modelling capability to other ‘highly stressed’ JLEIC 
magnets

Nonlinear Stress Analysis of Superconducting Magnets

 One of the never-ending challenges of mechanical design of SC coil composite structures

 Ongoing work to develop a realistic tool that can be used for future SC magnets at JLab and 
elsewhere.

 Trade-off between mesh size, computing time and accuracy

Simple Insulation and Cable Model 
to Correlate hand calcs with the 
FEA – a work in progressANSYS Detailed Cable Model for 

Orthotropic Material Properties



Eric Sun

• Hall C - New Magnet (to replace HB magnet) on SHMS Carriage Platform – check on loading of 
platform 

• Hall C - NMR Probe (to allow control of current for the SHMS dipole from close to zero to full field)

• Hall C - Lead shielding support structure analysis

• Hall C - SHMS Cerenkov window (bolt torques), He3 Be Window (stress-induced beam heating)



Recent Team Publications

Manuscripts Published and under review

1. Ghoshal, P. K., et al., “Commissioning Validation of CLAS-12 Torus Magnet Protection and Cryogenic Safety
System”, IEEE Transactions on Applied Superconductivity, V28 (6), 2018, DOI:10.1109/TASC.2018. 2841928.
Published

2. Probir K Ghoshal, et al., “Instrumentation and Control Selection for the 12 GeV Hall-B Magnets at Jefferson
Lab”, Supercon. Sci. and Tech., V31 (9), 095007, 2018, DOI: 10.1088/1361-6668/aad277. Published

3. Ghoshal, P. K., et al., “Magnetic Field Mapping of the CLAS12 Torus—A Comparative Study Between the
Engineering Model and Measurements at JLab”, IEEE Transactions on Applied Superconductivity, V29 (4),
4000310, 2019, DOI - 0.1109/TASC.2018.2884968. Published

4. R. Rajput-Ghoshal, et al., “Preliminary Design of the Interaction Region Magnets for Future Electron-Ion
Collider at Jefferson Lab”, IEEE Transactions on Applied Superconductivity (Submitted and under Review)

Preparation in Progress for Submission

1. P. K. Ghoshal, et al., “Design Study of a Fast-Ramping Super-Ferric Magnet for Future Electron-Ion Collider at
Jefferson Lab”, In progress for IEEE Transactions on Applied Superconductivity

2. Eric Sun, et al., “Quench-back Management Due to Fast Decaying Current in SHMS Superconducting Magnet
and AC Losses in the Conductor at Jefferson Lab”, In progress for IEEE Transactions on Applied
Superconductivity

3. R. Fair, et al, “Superconducting Magnets for CLAS12”, In Progress (JLAB Internal review) for NIM (Elsevier
Publications)



 External DOE Reviews

 FRIB – Facility for Rare Isotope Beams (MSU) – SC magnet design – R. Fair, P. Ghoshal

 NSTX-U – National Spherical Torus Experiment – Upgrade (PPPL) – Resistive coil design – R. Fair

 Mu2e – Muon to Electron Conversion Experiment (FNAL) – SC magnet design – R. Fair

 MPEX – Material Plasma Exposure Experiment (ORNL) – SC magnet design - R. Fair

 Hi-Lumi LHC – High Luminosity Large Hadron Collider (FNAL) – SC magnet design - R. Fair, P. Ghoshal

 LSST - Large Synoptic Survey Telescope – Cryogenics – D. Kashy

 Other ongoing work

 Creation of database (design info) for all superconducting magnets at JLab

 Creation of Design Tools for use by ‘experts’

 Creation of other informational databases (e.g. material properties at cryogenic temperatures)

 Internal training on Cryogenics and Magnet Design for JLab staff



Items in green fall within the scope of the Spectrometer WBS

MOLLER (Hall A)



MOLLER (Hall A)



MOLLER (Hall A)
 Transferred magnet designs and information from MIT Bates

 Developed ‘Design Targets’ document to provide guidelines for coil and magnet design

 Designed two alternative coil designs (Hybrid v5 and Segmented v1) for downstream torus

 Preliminary design of power bus bars for downstream torus

 Preliminary design of upstream torus coil

 Carried out ‘bottoms-up’ costing exercise with MIT and Jlab engineers

 Produced preliminary project plan

 Using Pugh matrices to down-select designs

 Carrying out a Failure Modes and Effects Analysis (FMEA)

 Preparing for Director’s Review in April 2019
Version No. 2.00 Director's

Date 02.07.2019 Review

Engineer R. Fair this

week

TASK Who (Lead,…) 11-Feb 18-Feb 25-Feb 4-Mar 11-Mar 18-Mar 25-Mar 1-Apr 8-Apr 15-Apr 22-Apr

Update/refine coil design tool DK, SG

Qualify coil design tool SG, DK

Preliminary electrical/hydraulic design of upstream torus coils DK

Update Design Targets doc RF, PG, DK, RW, SG, KK, JM, AG, RW

Create OPERA coil model PG, SG

Evaluate forces for selected fault scenarios PG

Prelimary coil support design/FEA DK, SG

Perform FMEA RF,PG,DK,RW,SG, R Wines

Identify key risks RF, KK, JM, R Wines

Produce plans to mitigate risks RF

Complete SC magnet Pugh Matrix RF, KK, JM

Produce preliminary P & ID RF, DK, RW

Produce preliminary water buswork schematic DK, RW

Produce preliminary electrical busork schematic DK, RW

Produce draft slides for review (placeholders only) RF

First draft of slides RF,PG,DK,RW,SG, R Wines

Second draft of slides RF,PG,DK,RW,SG, R Wines

Nearly final draft of slides RF,PG,DK,RW,SG, R Wines

Dry runs for review RF,PG,DK,RW,SG, R Wines

Freeze slides and post RF



Hall B Solenoid
The Mysterious Case of the Misbehaving Solenoid

 6 fast dumps at low current (less than full field of 2416 A) - commissioning was completed in
Sept 2017

 3 fast dumps due to PLC/software threshold voltage limits being too sensitive to noise

 2 fast dumps due to hard wired QD thresholds being too sensitive to noise

 1 fast dump due to an ESR cryogenic event

 After commissioning was completed, the magnet regularly achieved 2416 A (5.0 T)

 A total of 15 fast dumps

 1 fast dump attributed to a malfunctioning voltage panel switch switch now replaced

 1 fast dump attributed to an incorrect QD voltage threshold setting setting now corrected

 13 fast dumps VT18 or VT2 voltage taps were the key suspects



Hall B Solenoid



Hall B Solenoid



Hall B Solenoid



Hall B Solenoid



Hall B Solenoid



Hall B Solenoid



Hall B Solenoid
Instrumentation additions to system:
 Fitted SOE relay for power supply main contactor
 Fitted LCW supply and return pressure transducers – Level 1 spaceframe (Hall B)

By fitting this additional SOE relay and reviewing data from subsequent fast dumps:
 We discovered that our Fast DAQ data had offsets in the timestamps, primarily due 

to the way data is being ‘packaged’ and saved to disk. Hence, the false VT18/VT2 
indications. We made improvements to the software and will be reviewing 
performance during the Spring Run.



Hall B Solenoid

Improvements to system:
 Increased thresholds (slightly) for flow circuits
 Increased diameter of LCW pipework to power supply



Hall B Solenoid

 6 fast dumps at low current (less than full field of 2416 A) - commissioning was completed in
Sept 2017

 3 fast dumps due to PLC/software threshold voltage limits being too sensitive to noise

 2 fast dumps due to hard wired QD thresholds being too sensitive to noise

 1 fast dump due to an ESR cryogenic event

 After commissioning was completed, the magnet regularly achieved 2416 A (5.0 T)

 A total of 15 fast dumps

 1 fast dump attributed to a malfunctioning voltage panel switch switch now replaced

 1 fast dump attributed to an incorrect QD voltage threshold setting setting now corrected

 13 fast dumps correlated to LCW make-up water flow rate increase causing a temporary loss of
cooling water flow to the solenoid magnet power supply

 (a) Additional margin set for flow switches in PSU

(b) Larger pipe diameters used from manifold to PSU

(c) Improved regulation of Hall B LCW

(d) Improved Fast DAQ data transfer

 So……..is the problem solved…..?



…..perhaps….
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Backup


