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blem Definition — Plane/Parallel Configuration

Geometry Extends Into and Out of X/Y Plane
Horizontal Axis is X Direction

Vertical Axis is Y Direction

2D Problem Capability

Examples of Problems Suitable for this Config:
- Parallel Plate Problems

- Simple Coaxial Problems with No Variation Along Axial
Direction (Coaxial Cable Fields Neglecting End
Terminations)

- Combination of Above (Cylinder-Cylinder, Cylinder-
Plate)




: blem Definition — Axisymmetric Configuration

- Geometry Symmetric (Rotates) About Horizontal
Axis

- Horizontal Axis is Z Direction

- Vertical Axis is R (Radial) Direction

» ~2-1/2D Problem Capability

- Examples of Problems Suitable for this Config:
- Coaxial Cable With End Effects or Terminations
 Chamber Feedthrus
» Some Spherical Problems
+ Some Approximations of 3D Problems




oblem Definition — Axisymmetric Configuration
(Cont.)

Imported Models Must Be Positioned Correctly
Must Be Above X Axis (No Negative Radius Values)

Must Be Positioned at Origin (Otherwise, Radii Are Larger
Than Actual)




7 - Mesh Sizing Is Critical to FEA Results

- Too Coarse and Results Likely Not Very Accurate
(Usually Underestimates Fields)

- Too Fine and Problem Solving Takes VERY Long
Times to Solve

- Typically Need to lterate Until Results Don't
Change Significantly (Within ~1-2%)
- QuickField 5.3 Now Has Adaptive Mesh

Refinement to Automatically Mesh lterate Up to 10
Times




lesh Sizing Suggestions for Reducing Solution
Calculation Times

- Avoid Using Any Mesh in Locations Where It's
Unnecessary (Inside Metal Parts)

- Use Default Mesh Spacing in Areas of Low or No
nterest

- Use Adaptive Mesh Refinement or Manually
terate Mesh Density in Areas of High Interest

- Use Problem Symmetry to Minimize Mesh Size
- Cylinders Reduced to “Pie” Sections, etc.




QuickField - [Rg-220 cable def mesh]
Fle Edit Yiew Problem Window Help
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@, QuickField - [Postprocessing RG-220 cable def mesh]
‘g File Edt ‘iew Problem Conkour ‘“Window Help

RG-220, 1000 V, Default Mesh, Plane/Parallel
2.341E5 Max Field

For Help, press F1

0.00040, 001238

D=+ mesee[E@mak([- | 298 & U =]
| = =K
=423 RG220 cable def mesh - el
gy Geometry: Rg-220 cab Stiength
= EH Data: Rg-220 cable.de E (10%/m)
(22 Block Labels
(] Edage Labels
(L] Wertex Labels 23
[ ubrary Data: <none>
=143 Links
3 Mo links 2177
2ma
1.850
1686
1523
1353
1195
1.031
0.868
0704
< il | 3




RG-220, 1000 V, Custom Mesh, Plane/Parallel
2.421E5 Max Field (~3.5% Higher Than Prior Results)

QuickField - [Rg-220 cable]
Fie Edt Yew Problem Window Help
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! QuickField - [Postprocessing RG-220 cable]
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QuickField 5.3 Adaptive Mesh Refinement

Solve and Refine Under Problem Drop Down Menu

5olve and Refine le

The problem Coaxial cylinder will be solved with adaptive
mesh refinement.

The mesh density will be increased.

You may wish to bune refinement options:

() Refine the mesh based on previous solution

Mesh Refinement Opkions

Minirumn refinement ikerations: | 1

Maximum refinement iter akions: | 10| —

Your mesh currently contains GO0 nodes.

Specify mesh node number
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New Feature in QuickField 5.3

Allows Software to Iterate Problem by Adapting
Mesh Spacing in Highly Inhomogeneous
Regions Based on Variation of Energy Density
(Found to be Most Accurate Means for
Minimizing Errors)

Can Perform 1-10 Iterations in Single Sequence

Can Specify Maximum Mesh Node Number



‘Similar Coaxial Problem Refined 10 Iterations

4.481E5 VIm (~10% Higher Than Prior Results)
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- Does One Achieve Confidence FEA Analysis
and Modeling Is Accurate?

- Generate Simple FEA Models and Compare
Against Analytical Solutions

- Known Equations for Field Enhancement of
Certain Geometries
- Parallel Plate (W and W/QO Different Dielectrics)
- Coaxial Cylinder
- Parallel Cylinder
» Cylinder / Plane
- Concentric Spheres
- Sphere / Sphere
- Sphere / Plane




Parallel Plate Geometry

- Two Parallel Plates
- 1000 V Potential

- 1 cm Spacing
100 kV/m Calculated Field Strength



Parallel Plate Geometry
Plane / Parallel Model and Mesh

QuickField - [Parallel plates 2]
File Edit Yiew Problem Tools ‘Window Help
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Parallel Plate Geometry
Equipotential Plot

QuickField - [Postprocessing Parallel plates 2]

@ File Edit Yiew Problem Contour Tools Window Help
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Parallel Plate Geometry
Results =100 kV/m (0% Difference From Calculation)

QuickField - [Postprocessing Parallel plates 2]
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- Two Parallel Plates

- 1000 V Potential

- 1 cm Total Spacing

- Dielectric #1 (Er = 1) Thickness =2 mm

- Dielectric #2 (Er = 2) Thickness = 8 mm

- 166.6 kV/m Calculated Field Strength in Dielectric #1
- 83.3 kV/m Calculated Field Strength in Dielectric #2




. Parallel Plate Geometry With Different Dielectrics
Plane / Parallel Model and Mesh

. QuickField - [Parallel plates]

File Edit Yiew Problem Tools Window Help
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rallel Plate Geometry With Different Dielectrics
Equipotential Plot

.. QuickField - [Postprocessing Parallel plates]
@ File Edit Yiew Problem Contour Tools MWindow Help
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. QuickField - [Postprocessing Parallel plates]

% File Edit Yiew Problem Contour Window Help
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"; oaxial Cylinder Geometry - RG-220 Cable

- Coaxial Cylinder with Dimensions of RG-220 Cable

 0.260” Diameter Center Conductor
« 0.910” Diameter PE Insulation

« 35000 V Potential Between Center Conductor and Shield

- 8.461 MV/m Calculated Field Maximum Strength at Center
Conductor Radius

- ~3 MV/m Calculated Fields at Insulation/Braid Interface




Coaxial Cylinder Geometry - RG-220 Cable
Plane / Parallel Model and Mesh

QuickField - [Rg-220 cable]
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Coaxial Cylinder Geometry - RG-220 Cable
Equipotential Plot

QuickField - [Postprocessing RG-220 cable] MEE
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Coaxial Cylinder Geometry - RG-220 Cable
Results = 8.49 MV/m (Difference of <1%)

. QuickField - [Postprocessing RG-220 cable]

@ File Edit Wew Problem Contour ‘Window Help - ax
O = = = 7 (N2 = T Js J Il =Sl [t aiht line [0°]
x| | ==z
=1-{=3 RG-220 cable - electrostati
ﬁ Geometry: Rg-220 cab Stiength
+-FE Daka: Rg-220 cable.de E (1% /m)
EH Library Data: <none>
=423 Links
oq Mo links 8.430
7.584
7.278
| |EE72
| |E.0EE
| 5480
| 4.854
4.248
3642
3036
2430
< 2]« v

For Help, press F1 0.00242, 0.01260




Parallel Cylinders Geometry

- Two Parallel Cylinders

- 1000 V Potential

- Each Cylinder Has a 3 mm Radius
6 mm Spacing
 216.4 kV/m Calculated Maximum Field Strength
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QuickField - [Postprocessing Parallel cylinders 2]
@ File Edit Wiew Problem Contour Tools Window Help
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Equipotential Plot
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Parallel Cylinders Geometry
Results = 215 kV/m (Difference of <~1%)

QuickField - [Postprocessing Parallel cylinders 2]
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Cylinder / Plane Geometry

» Cylinder and Plane

- 1000 V Potential

» Cylinder Has a 3 mm Radius
6 mm Spacing
 273.1 kV/m Calculated Maximum Field Strength




Cylinder / Plane Geometry
Plane / Parallel Model and Mesh
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Cylinder / Plane Geometry
Equipotential Plot

QuickField - [Postprocessing Cylinder, Plate]
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Cylinder / Plane Geometry

Results = 266 kV/m (Difference of <~2.5%)

uickField - [Postprocessing Cylinder Plate]
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Concentric Spheres Geometry

- Two Concentric Spheres

- 1000 V Potential

* Inner Sphere Has Radius of 3 mm

- Quter Sphere Has Radius of 9 mm

6 mm Spacing

- 500 kV/m Calculated Maximum Field Strength



Concentric Spheres Geometry
Axisymmetric Model and Mesh

uickField - [Concentric spheres]
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Concentric Spheres Geometry
Equipotential Plot

@, QuickField - [Postprocessing Concentric spheres]
@ File Edit ‘iew Problem Contour Tools window Help
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QuickField - [Postprocessing Concentric spheres]

Concentric Spheres Geometry
Results = 496.1 kV/m (Difference of <1%)

@ File Edit Wiew Problem Contour Window Help
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Two Spheres Geometry

 Two Spheres

- 1000 V Potential

» Each Sphere Has a Radius of 3 mm
6 mm Spacing
- 300 kV/m Calculated Maximum Field Strength



QuickField - [Two spheres]

Two Spheres Geometry
Axisymmetric Model and Mesh
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Two Spheres Geometry
Equipotential Plot

QuickField - [Postprocessing Two spheres]
@ File Edit Wiew Problem Contour Tools Window Help
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Two Spheres Geometry
Results = 291 kV/m (Difference of <~3%)

@, QuickField - [Postprocessing Two spheres] |Z| |E|fz|
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Sphere / Plane Geometry

« Sphere / Plane

- 1000 V Potential

 Sphere Has Radius of 3 mm
6 mm Spacing
» 450 kV/m Calculated Maximum Field Strength




QuickField - [Sphere plate]

Ej File Edit Yew Problem Window Help

Sphere / Plane Geometry
Axisymmetric Model and Mesh
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Sphere / Plane Geometry
Equipotential Plot

Quickkield - [Postprocessing Sphere plate] i
@ File Edit W¥iew Problem Contour Tools Window Help - 5 %
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Sphere / Plane Geometry
Results = 426 kV/m (Difference of <5%)

@yt QuickField - [Postprocessing Sphere plate]
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Common Issues

- Model Position (Offset From Origin)
» Wrong Units

» Some Surfaces With Wrong or Undefined
Potentials (QuickField Doesn’'t Automatically
Assign Potential to Entire Surface of Part Based
on Definition of One Piece of Surface)

- Use Sanity Check(s)




Additional Tools

- Change Graph Limits and Zoom

- LabelMover / Parametric Workbench (lterative
Solutions)

- Examining Local Field Data (Pointer)

- Plot Contour




? y Conclusions

- Powerful Tool for Electric Field Modeling

- Some Problems Truly 3D Require More
Sophisticated Software and/or De-rating or Safety
Factor in Addition to FEA Results

- Remember “Garbage In — Garbage Out’
Philosophy (Model Integrity Required to Get
Accurate Results)

- Use Sanity Check / Calculations as Backup




