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HV Feed-Through Electric Field Model

Zhijing Tang

August 22, 2012

The geometry of the problem is provided by Hans Josttlein as shown in Fig.1. In the center is a stainless tube. There is a polyethylene sheath over the stainless tube. There are groves on the polyethylene surface to reduce the charge movement. Aluminum cups are covering the polyethylene sheath, but lease a gap of 2 inch. The aluminum cup connected to the center stainless tube is at high voltage of 125 kV, the other aluminum cup is grounded (0 V). 
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Fig.1 Problem description

The whole structure is immersed into liquid argon. The relative permittivities are provided by Sarah Lockwitz, 1.51 for liquid argon, and 2.3 for polyethylene. 

An axial symmetric finite element model is used to calculate the electric field around the structure. Fig.2 is the electric potential and Fig.3 is the electric field (gradient of the potential). 
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Fig.2 Electric potential distribution
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Fig.3 Electric Field Distribution

From Fig.3 it can be seen that the maximum field is at the tip of the grounded cup, and the y-component of the field is concentrated at the cup gap (see Fig.4). One modification we can do is to move the groves near the gap to prevent the charge movement along the polyethylene surface (also shown in Fig.4). 
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Fig.4 y-component of the electric field
Hi Hans and Sarah,

I ran two cases. One in which the torus is centered with the cup; 
another in which the inside is flash with the cup, while outside is less
than 4 inch diameter.

Zhijing


From: Hans Jostlein
Sent: Tuesday, September 04, 2012 11:33 AM
To: Zhijing Tang; Sarah Lockwitz
Cc: Hans Jostlein
Subject: RE: HV feedthrough information
Hi, Zhijing,

this looks great!

This peak field value is much better, of course.

For mundane reasons, such as to keep the cup diameter a little bit under 4 inches,
would it be possible to move the 2.2 cm (minor radius)  torus to  a slightly smaller radius (major) ,
e.g. centered on the cup or even a little bit more to the smaller radius?

Thanks

Hans




From: Zhijing Tang
Sent: Tuesday, September 04, 2012 11:19 AM
To: Sarah Lockwitz
Cc: Hans Jostlein
Subject: RE: HV feedthrough information
Hi! Hans Sarah,

Here is a picture of the modified geometry, the radius is about 4 times the original.
The maximum field is reduced to 5310 V/mm at the lower tip, about half the original.
Now the filed at the top tip is 6248 V/mm.

Zhijing



From: Sarah Lockwitz
Sent: Tuesday, August 21, 2012 11:32 AM
To: Zhijing Tang
Cc: Hans Jostlein
Subject: Re: HV feedthrough information
Dear Zhijing, 

No problem!  I'm glad Hans and I were able to touch base with you today.  Please let us know what other information would be helpful.

Have a good afternoon,

Sarah

On Aug 21, 2012, at 10:48 AM, Zhijing Tang wrote:

Sorry, Sarah,

I deleted this email by accident. I found it in the deleted email.

Zhijing



From: Sarah Lockwitz
Sent: Tuesday, August 14, 2012 2:03 PM
To: Zhijing Tang
Cc: Terry E Tope; Hans Jostlein
Subject: HV feedthrough information
Dear Zhijing,

Thank you for meeting with me today regarding the modeling of an HV feedthrough.  

We're interested mostly in the electric field near the cups and the polyethylene (PE).  At some point we would like to know the best cup shape we could use to minimize discharge.  Our operating hypothesis is that the grooves in the cut into the PE reduce surface current, and are more important in the region between the upper and lower cups than inside of either cup.

Everything in the drawing is submerged in liquid argon.

The HV is ramped up from 0 to 125 kV in about an hour.

Relative Permittivities/Dielectric constants:
LAr:  1.51
UHMW PE:  2.3

I'm attaching a drawing and a picture.  Please let me know what else you need and what I can make more clear.  Thank you very much for helping us with this,
Sarah
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