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What do the power supplies need to do?

• Provide current to magnetic devices to provide the 
correct optics and steering

• Provide for quench protection
 This implies the supplies must turn off and bypass current around 

the power supply when a quench is detected
 We will need to measure the coil voltage (coils + leads) .

 Voltages measured at cryomodule feedthroughs

• Provide dual polarity for de-gaussing
 Required to demagnetize magnetic shielding

• Be capable of ramp rates required for both operations 
and de-gaussing programs
 Ramp rate could be limited by quench protection.
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Coil design and Configuration

• Solenoids have a set of Bucking Coils as part of the 
overall magnet design
 Reduces stray fields at cavities
 These coils can quench and we need to understand their 

effect.
• SSR1 magnets will have Cold Diodes across the 

magnet coils and Bucking Coils
 When cold these diodes will start to conduct somewhere 

between 5-10 volts. 
• HWR corrector power supplies power a vertical dipole 

and a horizontal dipole
• SSR1 corrector power supplies will power individual 

coils ; in this way we will have dipoles and quad 
correctors.
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Magnet Specifications
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• Valeri Lebedev specified requirements back in a talk in Feb:

• * measured quench current at 2.15 K. at 4 K it is 72 amps
• There are some objections to these specifications

HWR 
solenoid

HWR 
correctors

SSR1
Solenoids

SSR1 
Correctors

# of magnets 8 16 4 16
Max current 
(amps) +/- 70 +/- 5 +/- 70 +/- 50
Ripple,% max 
current +/- .1 +/- .1 +/- .1 +/- .1
Regulation,% 
max current +/- .1 +/- .1 +/- .1 +/- .1
dI/dt (A/s) 3.5 10 3.5 100
Inductance(mH) 1083 80 3280 2
Quench current 85 >50 89* >50



Objections and Comments

• Ramp rate for SSR1 correctors is very high and eddy 
currents could cause quenching of the coils. Reduce to 
25 amps/sec

• Higher the ramp rate means more coil voltage which 
reduces our sensitivity to quench detection. Also cold 
diodes will limit the ramp rate. Reduce solenoid ramp 
rate to 2 amps/sec.
 Comments have been made that when cold these diodes conduct 

between 5 and 10 volts

• +/- requirement for solenoids needed for de-gaussing
 Do we need de-gaussing? 
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HWR

• Argonne has done some testing using a power supply 
system designed and built by Fermilab

• Cryomagnetics tested all the solenoid coils up to 82.2A 
and all corrector coils up to 50 Amps.  No quenches.

• Argonne did quench a solenoid six or so times and saw 
no issues; the solenoid coils handled the energy and no 
noticeable rise in temperatures was observed. The 
solenoid recovered after a few seconds.

• ATLAS uses a similar solenoid design, has had many 
quenches and  have seen no deleterious effects on the 
magnets , leads or power supplies

• No calculations have been done concerning 
temperatures or voltages during a quench
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ATLAS Power Supply and Quench 
Protection

• To power their solenoids Argonne uses TDK 750 W 
(60A/12.5V) and 1500W (120A/12.5V) unipolar supplies

• For quench protection they set a voltage limit so that 
when a magnet quenches:
 Voltage is monitored at the power supply
 A voltage spike begins to current limit the supply
 After the quench the supply cannot drive the current at the 

limiting voltage
 They do NOT turn off the supplies
 Diodes across the supplies bypass current around the 

supplies
 They use Vishay T40HF40 400V 40A diodes

 They do have some silicon diodes on magnets and when 
they reach 10K the magnet is turned off
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FNAL prototype power supply at 
Argonne

• Bulk supply
 20V commercial raw supply
 Cap bank with SCR crowbar for “emergency” quench 

protection
• PS modules:

 Sum two 50 amp modules to produce the 90A max current 
requested by Argonne for the solenoid
 Summing chassis does all the regulation and 

monitoring
 Each corrector has one 50A module

• Quench protection
 Voltage monitored at the power supply and turns off if 

voltage exceeds a threshold of 8 volts
 If voltage continues to increase, crowbar the bulk
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Ramping the HWR solenoid at Argonne
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HWR Conclusions

• These solenoids are robust enough that they can eat all 
the energy during a quench
 We will need to turn off the power supply and use diodes at the 

power supply to bypass current around the supply
 Do we also want to turn off the cavity and correctors?

 We will NOT need a dump to dissipate the current
 Turn off power supply no later than 16 msec after the detection of 

the quench

• Coil voltages will be monitored at the cryomodule
• We can set a solenoid voltage threshold to 3.2 volts 

(assuming 2 A/s) and a corrector threshold of 1.8 volts 
and meet all specs while protecting the magnets.
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SSR1

• SSR1 is somewhat more complicated due to the addition of 
cold diodes and two bucking coils

• A quench analysis was done by Iouri and documented in TD-
13-001;here there was a 3 ohm dump and 1 ohm resistors 
across each of the two bucking coils. 

• In TD-15-021 quench measurements were shown from the 
Magnet Test Facility. This system had cold diodes across the 
solenoid coils and the two bucking coils and no dump.
 The reason for the difference is that Cryomagnetics designed 

their own quench protection system using cold diodes in the 
cryostat. This is what we have received

• Correctors are also more complicated in that coils will have 
mutual inductance if they will not be powered symmetrically in 
pairs 
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SSR1 (continued)

• These magnets also have superconducting 
leads from an internal “block” to each coil
 As long as these leads are immersed in liquid helium 

they are not in any danger but quench protection 
needs to account for these.

 We can use voltage taps across these leads and 
monitor the voltage drop; would look at small 
voltages and would have different trip thresholds.

• Dan Wolf and Howie Pfeffer have modeled the circuit 
and are looking at the quench data from MTF
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SSR1 power test  at Magnet Test Facility. The power supply was a Lambda 
300A unipolar power supply (10V/300A) 



Quench Data
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Quench Data

• The time from the start of the quench to 
detection was about 2 msec

• Simulations by Dan Wolf indicate that the 
voltage reversal between the main coil and the 
bucking coil (.04 msec) is due to the bucking 
coil quenching.
 Main coils quenched first; the current was slowly 

being ramped up until the magnet quenched.

• Quench detection threshold was set to 3 volts
• More modeling work is needed (need details of 

the power supply)
 We don’t understand some things about these plots
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Quench Data

• This shows a problem between the desire to 
ramp the solenoid and the voltage developed.
 Allowing for 2 amps/sec we need a quench detection 

threshold of > 6.6 V
 In order to have a 3V threshold as in the above data 

we can’t ramp faster than about .9 amps/sec
 If we really need to ramp this magnet we will need 

more than to just monitor the voltage!
 Measure dI/dt, multiply by a constant and subtract the 

measured voltage
 The constant will represent the total inductance; coil 

plus bucking coils
 Quench threshold can be reduced to something like 1 

volt
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Additional SSR1 Issues

• Quench calculations to determine temperature rise and 
voltages should be done.
 General feeling is that the stored energy is sufficiently small that 

the coils can absorb the energy of the quench and that the cold 
diodes effectively protect the coils

 We should have someone do the calculations to determine 
temperature rise and voltages during the quench and compare 
these calculations to the data we have already obtained.
 We don’t want to exceed 500V in the coil

• The cold diodes will restrict the maximum ramp rate; if 
they conduct at 5 V then the max dI/dt is 1.5 A/s
 Can we replace the cold diodes with warm SCR’s to do the same 

thing?

• Should there be a checklist
 Fast ramp to check that diodes work
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Quench thresholds for SSR1

• For the solenoids we should use a maximum of 3V 
threshold which limits us to a ramp rate of .9 A/s.    OR

• Comparing the measured voltage to a calculated value 
of LdI/dt we can set a limit of 1 V or less and then our 
ramp rate is limited by the cold diodes.
 This is probably best since we also need to consider the SC leads

• Each corrector winding only has 100 turns so even 
warm these coils have low resistance
 With the low inductance we can probably set the threshold to .5V 

no matter how we do the quench protection
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Power Supply Proposal

• Bipolar Booster Corrector style power supplies will be 
used:
 This is a high bandwidth system so it responds quickly to any 

voltage changes
 This means the supply will quickly respond to any drop in 

current with an increase in voltage ; the voltage bandwidth is 
~ 10 kHz

 One bulk supply(this will also be used for the SSR1 system)
 DC voltage can be 15 volts; using #2 cable and 400 ft length 

the SSR1 solenoid total voltage(IR+LdI/dt) is 10.5 V
 Twelve 75 amp PS modules or use a summing chassis and  

twenty four 40 amp modules for solenoids
 Sixteen 10 amp modules for HWR correctors
 Sixteen 50 amp modules for SSR1 correctors
 V-474 VME control cards
 Front end program to calculate de-gaussing program
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Power Supply quench protection

• Quench protection
 We will monitor the coil voltage with voltage taps at the cryo 

module and turn off the appropriate power supply.
 Note that this means we will only monitor the solenoid coils 

and not the coil + bucking coils
 If voltage continues to grow, we will crowbar the bulk supply
 Monitor cryo devices (liquid level, temperatures..) and trip if these 

exceed limits. Also monitor cavity status and turn off if cavity 
quenches (and vice-versa)

• We can also measure dI/dt, multiply by the known L and 
compare this to the measured voltage
 By doing this as opposed to simply monitoring the voltage we can 

increase the sensitivity although we would still be limited by the 
cold diodes in the SSR1 solenoids to a LdI/dt< 5-10 volts
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Power Supply quench protection 
continued

 In this mode the primary protection would be to monitor the coil 
and bucking coils. In addition we could also monitor the individual 
coils

• Power supply turn off times should be on the order of 16 
msec ( a 60 hz system)
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