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Cable insulation for the HGQ short models

A. Zlobin

Abstract - Cable insulation is important parameter for the HGQ magnetic and mechanical design, coil thermal stabilization and quench protection. This note presents a summary of the HGQ insulation study and formulates the recommendations for the inner and outer cable insulation design.

1. Introduction.

There are several factors that have to be taken into account during the optimization of  HGQ cable insulation design:

a) Magnetic design and field quality.

b) Mechanical design.

c) Coil thermal stabilization.

d) Magnet quench protection.

e) Fabrication.

The extensive study of insulation and magnet parameters have been performed to optimize the cable insulation design for HGQ inner and outer cables. This note presents a summary of this study and formulates the recommendations for the HGQ inner and outer cable insulation.

2. General requirements.

The general requirements to the HGQ cable insulation, common for both inner and outer layer, are:

· azimuthal thickness of 75 microns after coil curing under compression. This requirement came from the magnetic design as a compromise between the turn separation and the high filling factor of the coil. 

· full Kapton. This requirement is dictated by the severe radiation conditions during magnet operation. 

· multi-layer design. This requirement is important for providing the mechanical and electrical reliability of cable insulation.

The coil fabrication experience shows that the cable insulation creeps during coil curing under compression and, as a result, it decreases the thickness by 20-30% in azimuthal direction. This reduction depends on the cable packing factor and coil curing conditions (temperature, pressure, time). Based on that the non-deformed cable insulation have to be of 100 microns that corresponds to 25% azimuthal deformation after curing. The radial insulation thickness before and after curing suppose to be the same of 100 microns. 

The above requirements lead to the two wrap insulation design for the cables.  The inner wrap in both cables is made of Kapton film 25 micron thick and 9.5 mm wide wound with 50% overlap. This wrap creates two insulating layers with the total non-deformed thickness of 50 microns. To chose the design of the insulation outer wrap additional requirements have to be taken into consideration.

3. Specific requirements

There are some specific requirements to cable insulation in the HGQ inner and outer layer which should be taken into account.

A. Inner layer.  

HGQ will work in hard radiation conditions which might cause (in addition to the possible radiation damage of insulation material) a significant coil temperature rise /1/. To prevent magnet coil from overheating above the superconductor critical temperature, sufficient cooling conditions for the inner cable in the magnet should be provided.  Since 85-90% of radiation heat deposition will be deposited in the magnet inner layer, it is one of the dominating requirement imposed to the inner layer insulation design. 

To provide the required cooling perimeter for the cable in the coil inner layer, special cooling channels have to be created in the insulation outer wrap. The insulation porosity study has shown that optimal channel gap is 2 mm /2/.   The calculation of temperature profile inside 2 mm wide 16 mm long cooling channel with expected heat load in the HGQ cable had shown /1/ that to keep He temperature in the channel below 1.95 K the channel high has to be at least 15 microns after coil curing and magnet assembling. 

Based on the above studies the outer wrap of inner cable insulation is made of 50 micron thick and 4.8 mm wide Kapton film wound with a 2 mm gap. These channels increase the inner cable wet perimeter by the order of magnitude (13-14). This allows one to keep inner cable temperature below He lambda-point and to take advantages of possible superfluid He penetration under the cable insulation involving it in a heat transfer along and across the cable.

Although those helium channels decrease elasticity modulus of the inner coil by factor of two /3/ it does not affect dramatically the field harmonic stability in the magnet operating current/gradient range /4/.  More over, low elasticity modulus allows one to accommodate the coils with a bigger azimuthal-size variation without  significant change of coil prestress range.

B. Outer layer. 

HGQ must be reliably protected in case of quench. The current quench protection system of HGQ is based on the internal heaters which are installed in the coil between the inner and outer layer /1/. If the normal zone will be detected in a magnet, the heaters will fire a significant coil volume and energy stored in the magnet will be dissipated in the quenched part of coil producing coil heating, additional mechanical stress and voltage drop between coil turns and between coil and ground. 

Quench protection study has shown that up to 90% of HGQ stored energy is dissipated in the coil outer layer. As a result, the maximum temperature, mechanical stress and turn to turn voltage in the HGQ outer layer are higher by factor of 2-2.5 than ones in the inner layer /5/.  This makes quench protection issue an important factor for the outer cable insulation. Clearly, the butt wrapped insulation of outer cable without He penetration inside the coil allows one to improve the electrical and mechanical reliability of cable insulation in the coil outer layer. The additional argument against HeII penetration inside the outer layer is the possible increase of amount of energy and time necessary to quench a magnet outer coil by the quench heater.

To provide the electrical and mechanical reliability of outer cable insulation and to increase the quench heater effectiveness it is recommended to make outer insulation wrap out of Kapton film 25 micron thick and 9.5 mm wide with 50% overlap. This gives two additional insulating layers with total thickness of 50 microns. Another possibility to make a butt outer wrap of 50 micron thick 4.8 mm wide Kapton film used for the outer wrap of inner cable. 

4. Summary.

Table 1 summarizes the cable insulation parameters for the HGQ short model inner and outer cables.

Table 1.

Insulation parameter
Inner layer cable
Outer layer cable

Number of wraps
2
2

Inner wrap:

· material

· adhesive

· wrap structure

· number of layers

· thickness
Kapton tape 0.025mm(9.5 mm

None

Spiral wrap with 50% overlap

2

0.050 mm
Kapton tape 0.025mm(9.5 mm

None

Spiral wrap with 50% overlap

2

0.050 mm

Outer wrap: 

· material

· adhesive

· wrap structure

· number of layers

· thickness
Kapton tape 0.050mm(4.8 mm

Liquid polyimide

Spiral wrap with 2 mm gap

1

0.050 mm
Kapton tape 0.025mm(9.5 mm

Liquid polyimide

Spiral wrap with 50% overlap

2

0.050 mm

Total thickness
0.1 mm
0.1

Wet perimeter 
~60%
0%

E-modulus
8*/13** GPa
14*/25** GPa

*) - upload branch;

**) – download branch.

The HGQ cable insulation design will be finally optimized after tests of series of short models.
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