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OUTLINE

Main parameters

Uniform energy dissipation in the solenoid

Powering circuit

Calculations based normal zone propagation and 
common equations



Main parametersMain parameters

quench parameters



Design of the solenoidDesign of the solenoid



Uniform energy dissipationUniform energy dissipation

Average 
temperature at 
short circuited 
quench in the 
solenoid:

60 K - solenoid

76 K – SC winding
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�� Powering circuitPowering circuit

the discrimination time is ~ 1 s, at Al matrix RRR= 328

the threshold voltage is ~ 5 V



Quench calculationsQuench calculations

�� 2D ANSYS calculations of the normal zone 2D ANSYS calculations of the normal zone 

propagationpropagation

�� MatlabMatlab quench code with input parameters quench code with input parameters 

from ANSYS calculationsfrom ANSYS calculations

�� Influence of RRR on the quench parametersInfluence of RRR on the quench parameters



Normal zone propagationNormal zone propagation

The ANSYS 2D calculation of the 
transversal velocity of the normal zone.

RRR ~350 in the SC cable

Heat generation 2.7*10 5 W/m3

The velocities of the nz propagation are:

- 6.9 m/s along the cable;

- 0.079 ... 0.18 ... m/s;

The Al strips of high purity accelerate the 
normal zone spreading. 



The hot spot in the SC cable joints

The SC cable joints will be on the 
outer parts of the solenoid where the 
magnetic field is minimal.

The heat generation in such joint will 
be more than 2 times less taking into 
account the dependence of the 
aluminum RRR on the magnetic field.

The higher RRR the higher relative 
RRR decrease in the 2 T magnetic 
field.



MatLabMatLab calculationscalculations

The solved equations are: 

For the aluminum of the 
cable RRR = 328

Al support cylinder has 3 
mOhm*cm of resistivity. Its 
characteristic time is ~ 1 s.

Damp resistor Rd = 0.1 Ohm.

Beginning temperature of the 
solenoid is 10 K.

The solenoid will be 
completely normal after ~ 2 s 
of quench beginning.

While the SC winding temperature is <20-25 K 
the Al resistance is constant and the current 
decay is negligible.



Quench calculations results 1Quench calculations results 1

The quench at Rd = 0.1 Ohm

The Rd was activated after the 
hot spot reached 25 K, this 
shows the increasing the hot 
spot temperature during the 
current decay.

The support cylinders were 
accounted that is shown on 
the top Figure.

The bottom figure shows the 
hot spot temperature and the 
solenoid temperature.

The resistive voltage rises up 
to 50 V.

The quench calculations were 
stopped at 250 A of the 
solenoid current.

The induced current in the cylinder is only ~ 2*10 5 A with 
respect to the whole current in the solenoid ~ 5.7* 106 A.



Quench calculations results 2Quench calculations results 2
The quench at Rd = 0 Ohm

The uniform quench of the solenoid 
when the hot spot reached 25 K, this 
shows the increasing the hot spot 
temperature during the current 
decay.

The support cylinders were 
accounted in the calculations that is 
shown on the top Figure with green 
line.

The bottom figure shows the hot 
spot temperature and the solenoid
temperature.

The solenoid temperature is 79 K.

The hot spot temperature is 120 K.

The resistive voltage rises up to 
470 V.



Quench calculations results 1 & 2 Quench calculations results 1 & 2 
resistive voltageresistive voltage

The quench at Rd = 0.1 Ohm

The quench at Rd = 0 Ohm



Comparison the quench calculations results with previousComparison the quench calculations results with previous
calculationscalculations

Nikkie Deelen
report,

the solenoid and 
hot spot 
temperatures

These calculations: 
hot spot and the 
solenoid 
temperatures



Comparison the quench calculations results with previousComparison the quench calculations results with previous
calculations calculations –– quenchbackquenchback effecteffect

Gabliella Rolando report: the 
quenchbcak takes 1.5 s to 
make the whole solenoid 
normal.

These calculations:

the first figure is at 2.3 s

the second figure is at 2.4 s.

The heat generation was 
taken as 8*10 4 W/m3 that 
corresponds to 2*10 5 A 
current in the cylinder.



Quench calculations - influence of materials

RRR of Al stabilizer influence on the 
hot spot temperature. At RRR=1130 
the current start to decay very 
slowly.

Dump resistor Rd = 0.1 ΩΩΩΩ absorbs 
most energy of the magnet system.

At Rd = 0.2 ΩΩΩΩ the current decay and 
the hot spot temperatures will be as 
shown on the two bottom figures.

In this case the current in the support 
cylinder is increased by a factor of 2. 
The solenoid and the hot spot 
temperatures changed as:

from 54 K to 38 K 

from 42 K to 31 K respectively.



ConclusionsConclusions

• The quench calculations shows that the solenoid is safe as with active 
damp resistor as without it (short circuited soleno id).

• The hot spot temperature is expected to be about 55  K at 0.1 ΩΩΩΩ of the 
damp resistor. 

•The high purity Al strips will distribute the norma l zone faster than the 
quench back effect.

• The demands to high RRR of the SC cable are unclear  if the energy 
extraction system is supposed to work reliably.  


