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Introduction

The ANSYS Splice Simulation creates and simulates a 3D splice between a Nb3Sn cable and a NbTi cable similar to the splice within the HFDA04 magnet developed at Fermilab.  The detailed structure of the splices can be found in another report [1].  It can be used to find the temperature of the splice under many varying conditions, ranging from normal operation to quenching with different cooling aspects.

Features:

1. Steady-state temperature analysis of the HFDA04 splice.

2. Simulates for insulated and uninsulated leads.

3. Variable cooling and heating properties.

4. Easily modifiable geometry.

5. Double-layered insulation around leads to simulate different materials within or outside insulation.

6. Standard MKS unit system for all units.

Required files:

1. splice.dat  : file containing ANSYS instructions for modeling the splice.

System requirements:

· ANSYS installation (tested on versions 5.7 and 6.1).

· Minimum 256 MB RAM, 1.25 GB for fastest solution.

On a 2.2 GHz processor with 1 GB of memory, the program requires 45 minutes to finish.  With 2 GB of memory and the same processor, it requires 20 minutes to finish.

Instructions

Running
To run the simulation using the user interface in ANSYS:

1. Open ANSYS.

2. Select File-Read file.

3. Select splice.dat.

To run the simulation as a batch job:

1. Open the ANSYS batch scheduler (TANSYS in UNIX, Batch in Windows).

2. Select to run splice.dat.

3. Input any filename you desire to contain the output.

4. Press Run/Start.

Analysis
Analyzing the data is straightforward, and should follow standard ANSYS procedures.

Parameters

A variety of parameters exists within the input files for the simulation.  Modifying these parameters can change characteristics of the magnet or the simulation.  

Heat/Cooling parameters
insulation:
Determines whether or not the leads outside the magnet are covered with Kapton insulation.  Use 1 for insulated leads, 0 for exposed leads.

Default: 1

cooling:
Determines what kind of cooling is to be used in the simulation.  Use 1 for convection cooling, 0 for set temperature cooling.

Default: 1

bathtemp:
Temperature of the liquid helium bath.  In convection cooling, this is the temperature of the coolant.  In set temperature cooling, this is the temperature that the nodes are set at.

Default: 4.5

heatemit:

Amount of total heat emitted by each splice in Watt.

Default: 0.1

convection:
Heat transfer coefficient of liquid helium for convection cooling in W/m2/K.  Used only if convection cooling is selected.  It is set to 0 otherwise.

Default: 800 for convection cooling, 0 for temperature constraints

innerinsulationmat:
The material number of the inner insulation layer that surrounds the splices.  Used to change the kind of material that surrounds the splice (see Simulation Theory).

Default: 7 (Kapton)

Geometry parameters

condw:

Width of the conductors in m.

Default: 14.238e-3

condh:


Height of the conductors in m.

Default: 1.8e-3

insw:
Width of the Kapton insulation around the conductors and the width of the layer between the NbTi, Nb3Sn, and Cu cables (solder in the splice) in m.

Default: 0.0762e-3
(= 76.2 microns = 3 mils)

cerh:


Height of the ceramic in m.

Default: 3.81e-3

centins:
Width of the center insulation in m.  Includes the insulation around the conductors.

Default: insw*2+0.0254e-3
(= 7 mils)

Nb3Snlength:
Length of the section of the magnet before the splice in m.  Only the Nb3Sn cable is in this area

Default: 10e-2

splicelength:

Length of the splice in m.

Default: 152.49e-3

endg10w:

Width of the G10 plate at the end of the magnet in m.

Default: 2e-3

Helength:

Length of the NbTi and Cu leads outside of the magnet in m.

Default: 10e-2

maxheight:
Height of the magnet ABOVE OR BELOW the ceramic plates in m.  Determines the maximum height of the bronze, center insulation, outer insulation, aluminum, and iron.

Default: 2e-2

g10w:
Width of the G-10 layer to the side of the cables, near the aluminum, in m.

Default: 0.188e-3*2

kaptonw:
Width of the Kapton layer between the G-10 layer and the aluminum in m.

Default: 0.125e-3

alumw:

Width of the aluminum collar in m.

Default: 8e-3

ironw:


Width of the iron yoke in m.

Default: 2e-2, corresponding to the distance to the nearest hole that contains liquid helium in the iron.

Mesh parameters
Nb3Snnumber:
The number of times the mesh is copied in the region before the splice within the magnet.  In other words, the parameter used with the ESIZE command before extruding.

Default: 25

splicenumber:
The number of times the mesh is copied in the splice region.

Default: 65

endg10number:
The number of times the mesh is copied in the G-10 plate on the end of the magnet.

Default: 2

Henumber:
The number of times the mesh is copied in the NbTi-Cu lead region.

Default: 45

Material properties

The program uses nonlinear thermal conductivity values defined at certain temperatures.  There are a total of 13 materials defined as follows:

Material 1:
Nb3Sn cable

Material 2:
NbTi cable

Material 3:
Copper cable

Material 4:
Ceramic

Material 5:
Epoxy (not used)

Material 6:
G-10

Material 7:
Kapton

Material 8:
Aluminum Bronze

Material 9:
Aluminum

Material 10:
Iron

Material 11:
Helium (not used)

Material 12:
Solder

Material 13:
Layer between NbTi and Cu cables in the lead (same as solder)

The following charts show the default thermal conductivity for the materials in W/m/K.

	Temperature (°K)
	Nb3Sn cable
	NbTi cable
	Cu cable
	Ceramic
	G10
	Kapton
	Bronze
	Aluminum
	Iron
	Solder

	2
	150
	150
	160
	0.12
	0.04
	0.01
	1
	1.5
	13
	4.4

	4
	310
	310
	320
	0.62
	0.06
	0.021
	2.2
	3.7
	28.5
	17

	6
	500
	500
	480
	1.6
	0.08
	0.032
	3.4
	5.7
	40.5
	27

	7
	700
	700
	630
	3.05
	0.1
	0.043
	5
	0.78
	50
	36

	10
	875
	875
	780
	5.1
	0.115
	0.053
	6.3
	10
	56
	40.5

	15
	1150
	1150
	1110
	14
	0.14
	0.088
	9.6
	15
	60
	51.5

	20
	1200
	1200
	1300
	23
	0.15
	0.115
	14
	20
	62
	57


Simulation Theory
Simulation model

The overall geometry is shown below:
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The simulation models the standard geometry of the superconducting splice within the HFDA04 magnet, although it does not model the circular aspects of the magnet.  There are four sections to the model, which can be seen in the above picture divided by red lines.  The cross sections are shown below.

First cross section: Inside magnet
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The first part of the model simulates the Nb3Sn cables on the inside of the magnet.  This part only includes the Nb3Sn cable and insulation, along with the other standard parts of the magnet.
Second cross section: Splice
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The next part shows the splice region.  The Nb3Sn, NbTi, and Cu cables are shown, along with the ceramic blocks.  There is insulation surrounding the splice, with solder between the cables.  The heat generation occurs in the solder volume between the Nb3Sn and the NbTi cables.

Third cross section
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The third part of the model is the G-10 faceplate put on the end of the magnet.  Only the NbTi and Cu leads pass through this part of the magnet.

Fourth cross section
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 The final part is just the NbTi and Cu leads coming out of the magnet.  They 

are surrounded by a 2 layers of material that are half the thickness of normal insulation, or can be surrounded by no material at all.

Loads

The heat generation load is applied on both cables to the solder volume between the NbTi and Nb3Sn cables inside the splice region as shown in the splice cross section.


There are cooling loads on all exposed surfaces of the magnet, except for the exposed Nb3Sn cables on the first part of the model.  The type of cooling used depends on the input parameters.

Lead insulation
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The leads outside the magnet can be insulated or uninsulated.  The primary difference between the two possible geometries is how the cooling loads are applied.  When the leads are exposed, the cooling loads are placed directly on the surfaces of the leads, which can help with cooling the splice.  When the leads are insulated, then all heat must first travel through the insulation before reaching the cooling loads.  The differences in the geometry with exposed and unexposed leads are shown in the figures below.

Another aspect to using insulated leads is that the double-layered insulation volume can be used to simulate 2 different materials surrounding the leads, such boiling helium within the leads that could lead to a quench due to the poor thermal properties of helium.  The material used on the inner layer is determined by the innerinsulationmat parameter.
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