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Talk Overview 
• The magnet system overview

• An historical look at similar magnet systems.

• Quench protection possible ways to protect.

• Budget costs and delivery for the magnet system.  



Coil layout 

Gun 1

Gun 2

Gun 3

Bend sol 1

Bend sol 2

Gun Dipole vertical Y A&B
Gun Dipole Horizontal  X A&B

Bend Quad 
coils 1,2,3,4 

Bend Dipole vertical A&B
Bend Dipole Horizontal A&B

Main 3m 4T solenoid 

Main solenoid Dipole vertical A&B 1,2&3
Main solenoid  Dipole Horizontal A&B 1,2&3

Dp set 1
Dp set 2Dp set 3

Dump solenoid 



Inductance matrix for coil sets in   mH
main solenoid Dump SolenoidBend Solenoid 2Bend Solenoid 1Gun 3 Gun 1 Gun 2 dipole y2 Bdipole y2 Adipole y3 Bdipole y3 Adipole x3 Bdipole x2 Bdipole x1 Bdipole x3 1dipole x2 Adipole x1 AGun Dipole y BGun Dipole y AGun Dipole x BGun Dipole x Adipole y1 Bdipole y1 ABend Dipole x BBend Quadrupole 1Bend Dipole x ABend Quadrupole 3Bend Dipole y BBend Quadrupole 2Bend Dipole y ABend Quadrupole 4Beampipe

main solenoid 12034.88898 7.024312 9.940262 4.760535 0.365131 0.169732 0.237545 4.26E-06 -4.4E-07 -10.3659 10.3636 10.32623 3.7E-06 -10.3262 -10.3282 1.99E-06 10.3282 -0.11067 -0.33973 -0.1305 0.131122 10.36594 -10.3636 -4.55354 -1.83337 4.54744 -1.82658 4.192002 1.53258 -4.95748 2.557173 0

Dump Solenoid 7.024311886 132.3839 0.003495 0.002961 0.000642 0.000533 0.000582 -0.00033 -0.01572 0.151911 -0.32373 -0.2448 -0.00799 -0.00139 0.24487 0.007991 0.001388 -0.00156 -0.00166 -9.2E-05 9.19E-05 -0.00089 -0.00356 -0.00034 -0.00015 0.00034 -0.00015 -0.00135 -0.00071 -0.00199 0.001169 0

Bend Solenoid 2 9.940262151 0.003495 45.16693 9.914798 0.160563 0.035761 0.067846 -0.01009 0.002533 -0.00184 -1E-05 0.00095 0.00655 0.468259 -0.00095 -0.00655 -0.46815 0.070057 -0.07873 -0.07823 0.078235 -0.52257 0.393877 -14.8731 -6.97627 14.8733 -6.97627 11.33209 5.82771 -14.0334 9.455915 0

Bend Solenoid 1 4.760534981 0.002961 9.914798 45.16684 0.35383 0.057795 0.123111 -0.00929 -0.00033 -0.00212 -0.00066 0.000754 0.004625 0.183119 -0.00075 -0.00462 -0.18307 0.138106 -0.20997 -0.18468 0.184679 -0.2151 0.144404 12.01805 5.86905 -12.0182 5.869051 -8.83449 -5.1001 11.56444 -7.68919 0

Gun 3 0.365130563 0.000642 0.160563 0.35383 13.24438 0.172154 1.378188 -0.00136 -0.00014 -0.00045 -0.00019 0.000132 0.000617 0.008347 -0.00013 -0.00062 -0.00835 6.390807 -6.39112 -5.8214 5.821371 -0.00805 0.008155 0.200596 0.079325 -0.2006 0.079325 -0.21196 -0.08019 0.196312 -0.10287 0

Gun 1 0.16973234 0.000533 0.035761 0.057795 0.172154 16.646 1.690633 -0.00047 0.000208 -0.00023 -5.3E-05 9.06E-05 0.000349 0.002639 -9.1E-05 -0.00035 -0.00264 -6.86262 6.137789 5.874347 -5.87435 -0.00029 0.004589 0.022525 0.009012 -0.02253 0.009012 -0.01659 -0.00516 0.029264 -0.01555 0

Gun 2 0.237545393 0.000582 0.067846 0.123111 1.378188 1.690633 10.82062 -0.0008 8.86E-05 -0.00032 -0.00011 0.000108 0.000454 0.004408 -0.00011 -0.00045 -0.00441 -7.6E-06 -6.2E-06 1.94E-07 -1.3E-06 -0.00241 0.005949 0.057478 0.02282 -0.05748 0.02282 -0.0528 -0.0185 0.064699 -0.03398 0

dipole y2 B 4.26233E-06 -0.00033 -0.01009 -0.00929 -0.00136 -0.00047 -0.0008 78.38426 14.43588 -1.75473 0.100812 0.731073 4.903835 0.731075 -0.73114 -4.90397 -0.73113 -0.01105 -0.00951 0.00028 -0.00028 -1.75473 0.100812 0.003166 0.000698 -0.00317 0.000698 -0.02723 -0.01345 -0.01769 0.01101 0

dipole y2 A -4.39116E-07 -0.01572 0.002533 -0.00033 -0.00014 0.000208 8.86E-05 14.43588 78.38584 0.100812 -1.75593 -0.73106 -4.90425 -0.73107 0.731116 4.904475 0.731119 -0.0116 -0.01074 -4.9E-05 4.92E-05 0.100812 -1.75593 -2.3E-05 -0.00046 2.35E-05 -0.00046 -0.02635 -0.01335 -0.02397 0.014504 0

dipole y3 B -10.36594211 0.151911 -0.00184 -0.00212 -0.00045 -0.00023 -0.00032 -1.75473 0.100812 78.38426 14.43588 4.903835 0.731075 0.001731 -4.90397 -0.73113 -0.00173 -0.00365 -0.00326 7.17E-05 -7.2E-05 -0.03802 -0.03405 0.000415 7.74E-05 -0.00042 7.74E-05 -0.00657 -0.00324 -0.00524 0.003227 0

dipole y3 A 10.36359645 -0.32373 -1E-05 -0.00066 -0.00019 -5.3E-05 -0.00011 0.100812 -1.75593 14.43588 78.38584 -4.90425 -0.73107 -0.00173 4.904475 0.731119 0.00173 -0.00391 -0.00362 1.91E-05 -1.9E-05 -0.03405 -0.03802 0.000111 -3.3E-05 -0.00011 -3.3E-05 -0.00672 -0.00334 -0.00607 0.003701 0

dipole x3 B 10.32622905 -0.2448 0.00095 0.000754 0.000132 9.06E-05 0.000108 0.731073 -0.73106 4.903835 -4.90425 78.76059 -1.77807 -0.03916 13.00591 0.101019 -0.03483 -0.00018 -0.00022 -0.00386 -0.00379 0.001731 -0.00173 -0.00644 -0.00322 -0.00608 0.003056 -0.00011 -8.4E-05 -0.00042 0.000227 0

dipole x2 B 3.70412E-06 -0.00799 0.00655 0.004625 0.000617 0.000349 0.000454 4.903835 -4.90425 0.731075 -0.73107 -1.77807 78.76059 -1.77807 0.101019 13.00591 0.101019 -0.00056 -0.00083 -0.0112 -0.01078 0.731072 -0.73109 -0.02599 -0.01294 -0.02225 0.011229 0.000111 -0.00027 -0.00314 0.001626 0

dipole x1 B -10.3262389 -0.00139 0.468259 0.183119 0.008347 0.002639 0.004408 0.731075 -0.73107 0.001731 -0.00173 -0.03916 -1.77807 78.76059 -0.03483 0.101019 13.00592 -0.00042 -0.0064 -0.06213 -0.05382 4.902744 -4.90307 -0.56361 -0.2669 -0.04925 0.040376 0.234886 0.075119 -0.2253 0.108336 0

dipole x3 1 -10.32819419 0.24487 -0.00095 -0.00075 -0.00013 -9.1E-05 -0.00011 -0.73114 0.731116 -4.90397 4.904475 13.00591 0.101019 -0.03483 78.75857 -1.77685 -0.03916 0.000178 0.000217 -0.0038 -0.00386 -0.00173 0.00173 -0.00608 -0.00306 -0.00644 0.00322 0.00011 8.45E-05 0.000419 -0.00023 0

dipole x2 A 1.989E-06 0.007991 -0.00655 -0.00462 -0.00062 -0.00035 -0.00045 -4.90397 4.904475 -0.73113 0.731119 0.101019 13.00591 0.101019 -1.77685 78.75856 -1.77685 0.000564 0.000827 -0.01078 -0.0112 -0.73114 0.731114 -0.02225 -0.01123 -0.02599 0.012936 -0.00011 0.000272 0.003139 -0.00163 0

dipole x1 A 10.32819989 0.001388 -0.46815 -0.18307 -0.00835 -0.00264 -0.00441 -0.73113 0.731119 -0.00173 0.00173 -0.03483 0.101019 13.00592 -0.03916 -1.77685 78.75857 0.000425 0.006399 -0.05383 -0.06213 -4.90294 4.903367 -0.04923 -0.04029 -0.56381 0.266978 -0.23488 -0.07521 0.225274 -0.10839 0

Gun Dipole y B -0.110671019 -0.00156 0.070057 0.138106 6.390807 -6.86262 -7.6E-06 -0.01105 -0.0116 -0.00365 -0.00391 -0.00018 -0.00056 -0.00042 0.000178 0.000564 0.000425 128.5037 23.85086 11.81771 -11.8176 -0.06731 -0.05793 0.100726 0.026099 -0.10072 0.026099 -0.38434 -0.19182 -0.10819 0.075582 0

Gun Dipole y A -0.33973212 -0.00166 -0.07873 -0.20997 -6.39112 6.137789 -6.2E-06 -0.00951 -0.01074 -0.00326 -0.00362 -0.00022 -0.00083 -0.0064 0.000217 0.000827 0.006399 23.85086 128.5037 -11.8175 11.81732 -0.05375 -0.05947 -0.09784 -0.04282 0.097854 -0.04282 -0.12897 -0.08162 -0.307 0.185473 0

Gun Dipole x B -0.130501059 -9.2E-05 -0.07823 -0.18468 -5.8214 5.874347 1.94E-07 0.00028 -4.9E-05 7.17E-05 1.91E-05 -0.00386 -0.0112 -0.06213 -0.0038 -0.01078 -0.05383 11.81771 -11.8175 129.4773 20.4759 0.002286 -0.00404 -0.3495 -0.16955 -0.11712 0.066875 0.105022 0.03296 -0.10275 0.05018 0

Gun Dipole x A 0.131122438 9.19E-05 0.078235 0.184679 5.821371 -5.87435 -1.3E-06 -0.00028 4.92E-05 -7.2E-05 -1.9E-05 -0.00379 -0.01078 -0.05382 -0.00386 -0.0112 -0.06213 -11.8176 11.81732 20.4759 129.4778 -0.00228 0.004046 -0.11711 -0.06688 -0.34948 0.169551 -0.10501 -0.03296 0.102754 -0.05018 0

dipole y1 B 10.36593572 -0.00089 -0.52257 -0.2151 -0.00805 -0.00029 -0.00241 -1.75473 0.100812 -0.03802 -0.03405 0.001731 0.731072 4.902744 -0.00173 -0.73114 -4.90294 -0.06731 -0.05375 0.002286 -0.00228 78.38426 14.43588 0.274194 0.082948 -0.27391 0.083053 -0.68345 -0.34073 0.011119 0.014099 0

dipole y1 A -10.36359849 -0.00356 0.393877 0.144404 0.008155 0.004589 0.005949 0.100812 -1.75593 -0.03405 -0.03802 -0.00173 -0.73109 -4.90307 0.00173 0.731114 4.903367 -0.05793 -0.05947 -0.00404 0.004046 14.43588 78.38584 -0.18217 -0.07949 0.182169 -0.07952 -0.11618 -0.08871 -0.44675 0.258841 0

Bend Dipole x B -4.553540363 -0.00034 -14.8731 12.01805 0.200596 0.022525 0.057478 0.003166 -2.3E-05 0.000415 0.000111 -0.00644 -0.02599 -0.56361 -0.00608 -0.02225 -0.04923 0.100726 -0.09784 -0.3495 -0.11711 0.274194 -0.18217 131.5179 43.3955 8.541411 -2.86796 -27.874 0.174106 27.87261 -6.60847 0

Bend Quadrupole 1 -1.833373568 -0.00015 -6.97627 5.86905 0.079325 0.009012 0.02282 0.000698 -0.00046 7.74E-05 -3.3E-05 -0.00322 -0.01294 -0.2669 -0.00306 -0.01123 -0.04029 0.026099 -0.04282 -0.16955 -0.06688 0.082948 -0.07949 43.3955 66.78711 2.867965 -1.06948 2.301688 2.869322 -2.30216 4.484809 0

Bend Dipole x A 4.547440203 0.00034 14.8733 -12.0182 -0.2006 -0.02253 -0.05748 -0.00317 2.35E-05 -0.00042 -0.00011 -0.00608 -0.02225 -0.04925 -0.00644 -0.02599 -0.56381 -0.10072 0.097854 -0.11712 -0.34948 -0.27391 0.182169 8.541411 2.867965 131.5171 -43.3958 27.8742 -0.17413 -27.8728 6.6085 0

Bend Quadrupole 3 -1.826576363 -0.00015 -6.97627 5.869051 0.079325 0.009012 0.02282 0.000698 -0.00046 7.74E-05 -3.3E-05 0.003056 0.011229 0.040376 0.00322 0.012936 0.266978 0.026099 -0.04282 0.066875 0.169551 0.083053 -0.07952 -2.86796 -1.06948 -43.3958 66.78679 2.301699 2.869337 -2.30217 4.484795 0

Bend Dipole y B 4.192001599 -0.00135 11.33209 -8.83449 -0.21196 -0.01659 -0.0528 -0.02723 -0.02635 -0.00657 -0.00672 -0.00011 0.000111 0.234886 0.00011 -0.00011 -0.23488 -0.38434 -0.12897 0.105022 -0.10501 -0.68345 -0.11618 -27.874 2.301688 27.8742 2.301699 132.029 39.00876 7.090185 -3.47969 0

Bend Quadrupole 2 1.532579658 -0.00071 5.82771 -5.1001 -0.08019 -0.00516 -0.0185 -0.01345 -0.01335 -0.00324 -0.00334 -8.4E-05 -0.00027 0.075119 8.45E-05 0.000272 -0.07521 -0.19182 -0.08162 0.03296 -0.03296 -0.34073 -0.08871 0.174106 2.869322 -0.17413 2.869337 39.00876 66.78368 2.626329 -1.38404 0

Bend Dipole y A -4.957481401 -0.00199 -14.0334 11.56444 0.196312 0.029264 0.064699 -0.01769 -0.02397 -0.00524 -0.00607 -0.00042 -0.00314 -0.2253 0.000419 0.003139 0.225274 -0.10819 -0.307 -0.10275 0.102754 0.011119 -0.44675 27.87261 -2.30216 -27.8728 -2.30217 7.090185 2.626329 132.0293 -51.0685 0

Bend Quadrupole 4 2.55717297 0.001169 9.455915 -7.68919 -0.10287 -0.01555 -0.03398 0.01101 0.014504 0.003227 0.003701 0.000227 0.001626 0.108336 -0.00023 -0.00163 -0.10839 0.075582 0.185473 0.05018 -0.05018 0.014099 0.258841 -6.60847 4.484809 6.6085 4.484795 -3.47969 -1.38404 -51.0685 80.4238 0

Beampipe 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gun 1

Gun 2

Gun 3

Bend sol 1

Bend sol 2

Gun Dipole vertical Y A&B
Gun Dipole Horizontal  X A&B

Bend Quad 
coils 1,2,3,4 

Bend Dipole vertical A&B
Bend Dipole Horizontal A&B

Main 3m 4T solenoid 

Main solenoid Dipole vertical A&B 1,2&3
Main solenoid  Dipole Horizontal A&B 1,2&3

Dp set 1
Dp set 2Dp set 3

Dump solenoid 



The magnets with respect to February 2017 discussion https://indico.cern.ch/event/619203/

Only change is corrector current range :
12.5 A, 20 A, 50A,  will be the manufactures choice 

https://indico.cern.ch/event/619203/


Z 

Y (blue)

X (green)

|B| f(Z)

LHC bean axis
Plot set

Temperature margin  plot 

~ 69% short sample   1.8K temperature margin 

~0.5 T



mT



Should we have the bend solenoid,  transvers field 
coils, on the inside or out side of two bend coil 
solenoids? 

Inside: we must support higher forces and fields!
Outside: they use more volume and have lower 
strength.



Field plots 420mm off axis
Line integrals :  
X =    6.5   mT.m, 
Y =    2.138 mT.m,  
Z =  15.5 mT.m
|B|max 45 mT

X,Y,Z field f(Z)

|B|  field f(Z)

All circuits nom current 

420mm



Concentrating on the 4T 3m solenoid design 





Gun 
Dipoles

Bend coil  
Dipoles

Bend coil 
Quad

Main Sol 
3 X Dipole

Current (A) 20 A (12.5A to 50A )
The design is 

adjustable    

20 ~ 50 20 ~ 50 20 ~50

Field (Gauss or 
T.m)

80 mT
809 Gauss

37 mT
372 Gauss

0.5 T.m 27 mT
270 Gauss

Turns total 480  ~ 200 480 ~ 200 480 ~ 200 240 ~ 100  

Inductance mH 183 mH each

Stored energy MJ 3.67 e-5

27 mT

X&Y 80 mT

X&Y 30 mT
Quad 0.5 T.m

X&Y 27 mT

See full inductance matrix 



X&Y coil sets
We only see Y 
set for clarity  

X  coil pare 

B3 integral cancelled through coil design 

Dipole transvers field strength f(z)  







Historical Magnets

Its all be done before !  



Long high field 5 T solenoid with passive Protection system 

Multiple Current leads 
Passive protection system 



Long solenoids 4T  1.2m with additional end coils to enhance the field at the ends,  this is a 1 part in 10^6 so 
we don’t need the additional small coils   



Aegis coils
Assembled at 
CERN 



We see joints that are between section in the magnet

We see passive protection system, resisters and diodes 

We see an aluminium thermal shield so that the magnet 
and sit half submerged in liquid helium  



Low field transverse field coils,  wound then bent onto 
support tube.   Low current ~20 to 50A  



Similar to what we need for the bending section,  vacuum access between coil, transvers field 
coil. Helium vessel is welded over the Transvers field coils after testing.   You see the joints 



E-Gun 
0.2 T

5 T with axial 
gradient 

Quite a large 
coil set

Example of 

similar magnets 

Mechanical 

support of coils!

Integration of coils 

support into 

cryostat volume 

will need carful 

engineering! 

Mechanical 
support end 
flanges!!!



Quench Protection



Protection for Transvers field coil

The Dipole and quadrupole operate at 20 A to 50 A 

The fields are low 1 to 1.5 Tesla.

With a RRR of 100 we can expect that just the copper 
could continuously support  100 A at 4.5K 
So no protection needed, we just need the power 
supply to turn off if superconductivity is lost !



4 T Hollow electron lens, main solenoid

• 4 T in the center of the magnet, 4 T peak magnetic 
field on the conductor

• 0.66 MJ solenoid, operating at 69% SS

• Hoop stress 50 Mpa (limit ~ 100 Mpa)

27

Axial position Z [m]
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 R

[m
]

1.4           1.42         1.44        1.46          1.48         1.50

0.14

0.12

0.10

0.08

Property Value

Nominal operating current [A] 330

Peak field on conductor [T] 4

Inner radius [mm] 100

Stored magnetic energy [MJ] 0.66

Inductance [H] 12.2

Superconducting conductor dimensions 
{axial * radial} [mm*mm]

1.45 * 1.05

Windings {axial * radial} 1818 * 16

Conductor insulation (polyimide) [mm] 0.1

Additional layer-to-layer insulation 
(fiberglass) [mm]

0.1

NbTi fraction of conductor 
(not considering insulation) [%]

20

Conductor length [km] 20

Coil thickness [mm] 19.9

Coil volume [m3], not including support 
structure

0.041

Coil mass [kg], not including support 
structure

290

Short-sample fraction (Iop / Ic (4.5 K, 4 T)) [%] 69

B [T]



Is the 4T 3m magnet self-protecting with just the 4:1 Cu:Sc MRI wire and 
quench velocity in coil  ?           Answer  not quit!

• Single coil (1818x16 windings)

• No energy extractor, coil subdivision, etc…

• Quench starts in the corner

• Tmax: 309 K  Enamel insulation max 700V 

• Tmax 440 K Polyimide insulation 10 to 15 kV  (strong)

• Peak layer-to-layer voltage (assuming layer-wound magnet): 160 V

(target  < 200 K)

Self Protecting coils? 
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Cut the 3m coil into 3 sections:   power with three 
independent  power supplies, 

hot spot is under 170 K ,

But    3 power supplies  $$$$



Cut the 3m coil into 3 sections:   power with one 
power supply, put bypass  diodes like LHC dipole 
circuit. As one section  quenches  the current 
bypasses.

hot spot is under 170 K ,

Through inductive / transformer energy transfer 
the adjacent coils current increases, and then 
quenched with a little higher current.  

This system could work needs more analysis.



CLIQ system :  
this works, it hits a high % of coil, hot spot is low > 120K ,
but Cost of CLIQ unit is like quench heaters . 



Can we use a standard switch and dump resistor?

- With a 2.5 ~ 3 Ohm resistor (not std but simple modification)

- Hot spot temp to < 102 K  with 825 V to 990 V ,
this voltage will require a wire insulation capable of  2.5 KV to comply      
with the CERN magnet test standards , 

- Polyimide wrapped tape 48% overlapped 0.07 mm total thickness will 
provide ~ 10 kV we would also need a glass sleeve ~ 0.05 mm thick to 
provide a path for impregnation. Depending on radiation levels if possible 
we should use one of the less  radiation hard but tough resins.

600 A power supply
2 units + control

Std switch and dump 
resistor

2 units + control

External energy extraction std LHC equipment
(well nearly standard) 

This should be our 
base-line design 

N
ee

d
 0

.6
6

 M
J



Extraction, with external dump resistor

• Calculated with Quench, cross-checked with QLASA

• Extraction fraction (3, 2.4, 1.5, 1 Ohm): 94, 88, 67, 49 %

• Peak voltage to ground (3, 2.4, 1.5, 1 Ohm): 990, 792, 495, 330 V

• Peak layer-to-layer voltage (3, 2.4, 1.5, 1 Ohm): 131, 104, 75, 95 V

• Peak hotspot temperature (3, 2.4, 1.5, 1 Ohm): 102, 139, 228, 290 K

33
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Aluminium quench propagation strips

• Aluminum quench propagation strips  Accelerates quench propagation

• At nom current 330A Hotspot temperature reduced from 440 K to 202 K & Vmax
layer-to-layer 162 V.

• At 75% of I nom, Hotspot temperature, 125 K and Vmax layer-to-layer 60 V

• Intrinsically self-protected magnet

• Compatible with extraction (redundant protection mechanism in case of dump 
extraction switch failure)

34

Stainless steel 
reinforcement, 

5mm
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Delivery 

low high low high high

Company A 3 off 2.064 2.322 2.1414 2.3994 can offer if needed

Company B 3 off 2.27685 2.61096

1st 12 months then 

every 6 months = 3 off 

in 24 months

Compant C 1 off 1.15

Next 2 off 2.875

Worred about 

protection of 6T and 

coil size 

total 3 off 4.025

Company D Waiting for answer 

4Tesla 5 Tesla 6 Tesla 

Magnet system Budget costings 

4 companies were asked to give a budget costing for the magnet and cryostat system, No power supplies  
One further company have subsequently asked for details and we are waiting for a reply. 

One company declined to offer being outside their project scope.



Conclusion
Magnetic field needs more work in terms of electron beam dynamics and the drop in field between coils. 
We now have a nice model to look at magnet designs. (not the beam dynamics) 

The protection of the 4T - 3m long coil can be protected with external dump with 1 kV.  (std insulation 10 kV so 
safe).

Other passive systems could be developed , aluminium strips, or bypass resistor / diode but would take time.   So 
base line safe design is 3 ohm dump 1 kV nice result!  We would need to check a 5T or 6T design. But probably 
can use the same type of switch and dump system. 

Protection of the other coils in the set: they  are all self protected, passive system.  With Sufficient Copper. Not 
checked with full system quenching 

The transvers dipole and quad. coil sets run at 20 A  to 50A  depending on design and can probably continue to 
be powered after a quench.

Magnet support structure need looking at to fit into cryostat. 

Need to work closely with the firm that will build the magnet system, to incorporate CERN power supply







Approximate Power supply Costs

Power converter Current Voltage Quadrant
Unit price 

KCHF

Type 1 16.5kA 20V 1 500

Type 2 13kA 18V 1 350

Type 3 6kA 8V 1 200

Type 4 ±2kA ±10V 4 150

Type 5 ±600A ±10V or ±40V 4 50

Type 6 ±200A ±10V 4 10

Type 7 ±120A ±10V 4 10

http://te-epc-lpc.web.cern.ch/te-epc-lpc/general.stm

Power In 3 ~ 230V/16A

Power Out +/- 600A +/-10V (or +/-40V)

Converter Type 4 Quadrant

Control type FGC2 / WorldFip

Current Accuracy 10 ppm@ 30 mn

50 ppm@ 24 h

200 ppm@ 1 year

(1 ppm=0.6mA)

Selecting the Magnet Current 

http://te-epc-lpc.web.cern.ch/te-epc-lpc/general.stm
http://te-epc-lpc.web.cern.ch/te-epc-lpc/sensors/definitions.stm
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Comparing insulation types with energy extraction  

0

20

40

60

80

100

120

140

160

180

200

0

100

200

300

400

500

600

0 2 4 6 8 10 12

Enamel, 500 V peak extraction 
voltage

I [A] Vdump [V] T [K]

The Enamel has a low insulation strength but 
better thermal conductivity, 500V would be close 
to the limit.   

Polyimide is the best for insulation 
and radiation!   990 V the system 
would have a safety factor 4.  

102 K

If the protection switch failed to open, but the power supply managed to turn off,  The magnet hot spot would be ~ 300 K 
so the magnet may survive! However for reliable operation hot spots should be under 200K  

190 K


