Modular Coil Ground Wall Insulation
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A study of the ground wall insulation scheme was made to verify the minimum dielectric strength of the insulation between the copper conductor turns and the winding structure for the modular coils. The conductor turn insulation is comprised of (1) half-lapped layer of 0.004 inch thick S-2 fiberglass tape.  The groundwrap insulation for the modular coils is constructed of multiple layers of S-2 fiberglass tape and Kapton [HN] insulation.  The details of the modular coil insulation are described below.  
The minimal dielectric strength for the groundwall and turn insulation of the modular coils is >64 KV.  This is based on 4 mil Kapton layer of the groundwall insulation and turn insulation.  The additional layers of Kapton were not included to have a conservative estimate of dielectric strength.  

The lead insulation was also enhanced with [1] half-lapped layer of [4 mil] Kapton/glass that is applied on each individual lead conductor [>43 KV].  
Conductor to Winding Form- Groundwall and T/T insulation

Turn Insulation:
 12 KV [Epoxy filled glass and nylon]

GW-Layer #1: 

  7 KV [Glass only- did not take credit for Kapton]

GW-Layer #2:

38 KV [Credit for 14 mil glass plus (1) 4 mil Kapton layer]      


GW-Layer #3:

  7 KV [Glass only]

                            64 KV Insulation dielectric strength

Section “A”- Ground Wall Insulation: 

The groundwall insulation is constructed of (3) distinct layers of insulation.  The first layer against the winding form [cladding] was added to increase the tracking distance between the coil turns and the winding form.  The second or middle layer provides the primary electrical groundwall standoff.  This has co-wound [4 mil] Kapton/glass insulation that is applied in a half-lapped layer.  The third layer of glass that faces the coil bundle was an added to enhance the epoxy flow during the VPI operations.  In addition to the Kapton insulation, the epoxy filled [CTD-101K] glass insulation provides a conservative  additional 1 k-volt per mil of dielectric strength [see section C].  A single layer of the co-wound [Kapton/glass insulation] can withstand 31 k-volts.
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Note:  This figure is not to scale and is only to be used to identify the location of the various layers of groundwrap insulation.

Layer 1 (Inner): [Against winding form]
This layer of insulation was added to increase the tracking distance between the coil turns and the winding form structure. 
(1) Butt lapped layer of composite insulation

· 0.007 inch thick S-2 glass [nominal 2 inch wide]

· 0.0035 (HN) Kapton tape [nominal 1.5 inch wide]                                                                            with adhesive back [2-mil Kapton]  
         7 mil of CTD 101K/glass ~7 kV
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Layer 2 (Middle): [Middle layers of ground wall insulation]

This middle layer has the Kapton insulation and provides the primary electrical insulation.

(1) half-lapped layer of composite insulation:     
-      0.007 in. thick glass [2 inch nom. wide] 

· 0.0065(HN) Kapton [1.5 nom. wide] with                                                                                      adhesive [4 mil of Kapton] 

4 mil of Kapton ~ 24 kV

7 mil of CTD 101K/glass ~7 kV *
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Layer 3 (Outer): [Against winding surface]

This layer of insulation was an added to enhance the epoxy flow during the VPI operations.  Plus it provides additional dielectric insulation

Apply (1) Butt lapped layer of S-2 glass tape

-
0.007 in. thick S-2 glass [2 inch nom. wide]

7 mil of CTD 101K/glass ~7 kV
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Dielectric Strength Ground wrap:

If layers 1 and 3 are discounted and only use (1) single layer of the half-lapped insulation [layer 2] the dielectric strength is >31 KV [extremely conservative]
Section “B:- Turn Insulation: 
Layer 1: [Against the copper conductor]

This layer that is used to contain the copper strands during the manufacturing of the conductor and remains as part of the insulation scheme.
-
0.004 inch thick Nylon serve
Layer 2: [Over nylon serve]
-
(1) Half-lapped layer S-2 class tape 0.004 inch thick x 1 inch wide






Total insulation build ~ 12 mil of S-2 fiberglass/epoxy turn insulation and nylon serve
Dielectric Strength Turn Insulation:

>12 KV
Section “C”-Electrical Information for Insulation
Definition: 

Composite Insulation: This is created by joining S-2 fiberglass tape with single or multiple layers of Kapton.
Insulation Electrical Test Data:

DuPont Data: Kapton HN

2 mil thick insulation:  6100 volts per mil = 12,200 volts x 2 layers [co-wound layer] = 24,400 volts per single layer of insulation layer 2


CTD Test Data: Glass/Epoxy

S-2 fiberglass and CTD-101K resin system


@76 degrees K~ 76.3 KV/mm = 3 KV/mil ~ assume 1KV/ mil *
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0.008-in Glass (2 thicknesses x 0.004)
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0.004-inch Nylon Serve
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