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Motivation

● To date, magnet systems modular

● OK for Step I 

● Will not work for string of coupled 

superconducting magnets

● Must think globally

● Issues being addressed with:
● Run Control
● State Machines
● Integrated Quench Protection System
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Integration 
Considerations

● Installation

● Services – sharing resources

● Integrated Controls & Monitoring

● Cooling Channel Operations
● Cooling magnets – not simple procedure
● Training magnets – many quenches
● Powering/normal operation
● Quench recovery

● Integrated Quench Protection System
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SS2 Training History

● 13 training quenches for SS2
● 1 to “re-train” directly to solenoid mode
● 1 more when shield was added
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SS2 Final Training

~7s for quench development in SS magnet

● Quench develops in coils via “quench back”
● Progress made when sufficient monitoring
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SS2 Training History

Final run Solenoid Mode w/shieldFinal run Solenoid Mode w/shieldFinal run Solenoid Mode w/shield

Final run Flip Mode w/shield
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SS2 Leasons Learned

● Will need to retrain after warming

● ~13 quenches

● recool magnet after quench >500l of LHe 

● 4-5 hours to recover and settle

● additional quenches w/new forces

● ~6 seconds for 5 coils to quench

● transients ~100s
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FC1 Training History

● successful solenoid mode training – 3 required
● trouble replicating in flip mode – 10 so far
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FC1 Training History

● Is there sufficient monitoring?

● Quench develops <1s
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FC1 Leasons Learned

● unknown required quenches for training

● using coolers to recool

● ~3 days to recover and settle

● additional quenches w/new forces (?)

● <1 second for 2 coils to quench

● DL working on improved data logging

● MUCH still to be learned
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Now Imagine ...

Now imagine ...
● cooling channel:

● 2 SS and 1 FC in Step IV
● 2 SS, 2 FC, 1 CC in Step V
● 2 SS, 3 FC, and 2 CC in Step VI

● training the cooling channel chain
● new forces
● number of training runs
● requisite LHe
● time to recool channel
● duration of quench propagation – logging
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Integrated QPS

• QPS is Quench Protection System

• existing systems:
◆ Fermilab TD – SS and CC
◆ Daresbury – FC (and DS)

• must keep existing QD functionality
◆ identify similarities and differences
◆ keep all? reuse parts? completely new?

• determine requirements: SS, FC, CC

• outline integrated system
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Integrated QPS

For each system:

• number of voltage taps

• signals for quench detection

• coupling of these signals

• dynamic range of the signals

• requisite time resolution for transients

• duration of quench
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Existing Systems
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Existing Systems
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Possible Plan
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Possible Plan
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SS2 As Built

● 25 voltage taps
● 8 pairs on HTS leads
● 8 pairs on LTS leads
● 6 across coils

● resistively coupled/isolated
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SS Simplified Layout
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FC1 As Built (?)

● 12 voltage taps
● 4 pairs on HTS leads
● 4 pairs on LTS leads
● 2 across coils

● resistively coupled/isolated
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CC1 Design
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Other Considerations

• Considerations
◆ common mode
◆ ground loops
◆ cable inductance

• Testing plan must be properly detailed

• Run Control and State Machine key 

components of operation

• Using Fermilab Engineering Manual

• MICE note in preparation
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Conclusions

• To date, magnets treated as isolated
• Will not work for integrated magnets
• Initiating plan for integration

• Operation under Run Control and State 
Machines

• Integrated QPS required
• Specification & Design is beginning
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