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Introduction

Simulation is a vital tool in the switchgear design and
development process. It enables engineers to analyze electrical,
thermal, and mechanical performance under various operating
conditions—without relying on physical prototypes. Through
simulation, potential design issues can be identified early. This
approach reduces development time and cost, enhances product
reliability, and supports compliance with industry standards.
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Simulation-Driven Designs

Two case studies are presented to demonstrate simulation-
driven optimization for switchgear reliability. NX Magnetics
module is used for the simulation study and results are
validated against available measurement data.

» Case Study 1: Bushing Conductor optimization considering
the Skin Effect

« Case Study 2: Geometry optimization for Outdoor Cutout
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Case Study 1
Bushing Conductor Optimization

<

Restricted | © Siemens 2025 | Vivek | S| EA R&D US | 25-NOV-2025 SI E M E N S



Bushing Conductor Optimization

Simulation Study of Bushing Conductor

Presently a solid copper conductor is used as bushing conductor. Due to skin
effect the current distribution is not uniform and material is under utilized.
Scope of simulation study is as below.

 Current density distribution in presently used solid conductor.
« Temperature rise during steady state condition.

« Geometry optimization of conductor cross section for better material
utilization while maintaining the temperature rise condition.

Geometry optimization will present options which will be evaluated in view
of commercially available shapes, material and manufacturing costs.
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Bushing Conductor Optimization

Geometry & Model Simplification

First simulation is created for establishing the base line. A
conductor is modelled as presently used copper conductor
inside a porcelain bushing with air pocket around it. Following
simplification are considered for modeling.

» Approximation of air around conductor, simplified geometry.

» Heat transferred is limited by porcelain material of structure
around copper conductor.

» Copper resistivity dependance on temperature is included in
material property.
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€ Solution Q7?7 X

Bushing Conductor Optimization

Neme | |

Solver | MAGNETICS \

Analysis Type | 3D Electromagnetics ‘

Solution Type | Magnetodynamic Frequency ‘

Entire Part
ngm
Bou ndary Cond Itlons ~ Magnetodynamic Frequency

Output Requests [C] use Modeling Object
Initial Conditions Frequency Value 60 He - ]
Frequency

Conductivity Ty Constant -
Coupled Thermal enductivity Type onstan |

Flux Tangent All outer surfaces Couled ity v
Thermal EM Only at Air-Copper interaction
Study Magnetodynamic Frequency

» Type

» Name

Frequency 60 Hz + Destiaton Flder

» Destination Folder Model Object:
~ Model Objects
v Parameters
() Group Reference

Ambient Temperature [ 25 Cw =]

4 F
Convection Coefficient l 15 W/(m°C) e =l Body Focus

./ Select Object (5) ke E

~ Radiation
(D Include Radiation * Dividing Curve

» Excluded
¥ Model Objects xelude
Assign On Selected Objects v l » Help
[0 Group Reference Card Name EMSYMTAN

*» Body Focus

- ./ Select Object (1) e E‘

/ * Dividing Curve
( 2C

‘$ » Excluded

l ? » Help
’X"' Card Name EMConvection
¢

-
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Bushing Conductor Optimization

Load Conditions

Current Load
Voltage Load
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2000A
oV

£} Current Harmonic v ? X

* Type

» Name

* Destination Folder
* Model Objects

(] Group Reference

* Body Focus

./ Select Object (1) 4

» Dividing Curve

b Excluded
* Magnitude
Definition | Amplitude/Phase -|
Electric Current Amplitude A~ v|
Phase Shift E T v

* Help
Card Name CurrentFreqOnFace3D

{3 Voltage Harmonic 07?7 X

* Type

» Name

*» Destination Folder
* Model Objects

] Group Reference

* Body Focus

./ Select Object (1) 4

» Dividing Curve

b Excluded

* Magnitude

Definition | Amplitude/Phase -]

Electric Voltage Amplitude ‘@ v . v‘

Phase Shift ‘0 - . v‘

» Help

Card Name VoltageFreqOnFace3D
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Bushing Conductor Optimization

Results

SteadyStateAC Result : conductor_sim1
Lead Case 1. Freguency 1, 60.00Hz SteadyStateAC Result - conductor_sim1
Current Density (Area) - Element-Nedal, Unaveraged, Magnitude Load Case 1. Iteration 4
Complex Options : Amplitude Temperature - Element-Nodal. Unaveraged, Scalar
Min : 0.000, Max : 2.407, Units = A/mm? Min : 4.252E+01, Max : 4.253E+01, Units = °C
CSYS : Absolute Rectangular

2.407 4.253E+01

2.280 4.253E+01

2.152 4.253E+01
B 2025 — 4.253E+01
a 1.898 = 4.252E+01

1.770 4.252E+01

1.643 4.252E+01

1515 4.252E+01

1.388 4.252E+01

1.261 4.252E+01

1.133 4.252E+01

1.006 4.252E+01

0.879 4.252E+01
[Afmny?] [°C]
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Bushing Conductor Optimization

Tunning with Test Data

Base simulation results are closing matching with
actual test data. Differences due to location of
measurement probe and bushing conductor
surrounding and actual heat convection.

Page 11 Restricted | © Siemens 2025 | Vivek | SI EA R&D US | 25-NOV-2025

SteadyStateAC Result - conductor_sim1

Load Case 1. Iteration 4

Temperature - Element-Nodal. Unaveraged, Scalar
Min : 4.252E+01, Max : 4.253E+01, Units = °C

['C]

4.253E+01

4.253E+01

4.253E+01

4.253E+01

4.252E+01

4.252E+01

4.252E+01

4.252E+01

4.252E+01

4.252E+01

4.252E+01

4.252E+01

4.252E+01

TEMPERATURE PLOT
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Bushing Conductor Optimization

Geometry and model simplification

Now a Hollow copper conductor is used as bushing
conductor to better utilize the material due to skin effect. A
parametric study is done with variation of inner air pocket
diameter.

« A cavity for air pocket is created at the inner side of
conductor.

 The diameter of this inner region is varied by using
parametric variation of conductor.prt file.

« An optimum cross section is found with acceptable
temperature rise of conductor in steady state condition.
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Bushing Conductor Optimization

£} Current Harmonic

Load & Boundary Conditions

b Type
b Name
b Destination Folder

Current Load 2000A applied at COPPER ~ Model Objecs

] Group Reference

Voltage Load 0V applied at COPPER + Body Focus

./ Select Object (1) $

* Dividing Curve

b Excluded
~ Magnitude
Definition | Amplitude/Phase -
Electric Current Amplitude | 2000 A - v|
Phase Shift [o

b Help
Card Name CurrentFreqOnFace3D
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Bushing Conductor Optimization

€} Solver Parameters

Parametric variation of inner air cavity " Sover

| MAGNETICS |

~ Parameters

Sta rt 5 m m General = Parameter Sweep / Solve Again

Mumeric

Parallel Perform | One Parameter Sweep - |

Sto p 4 O m m Parameter Sweep

- Parameter Import

Step 5 m m User Defined Code Location of Expression | CAD Part -

= Expression One to Sweep

|

- Run Time Opticns CAD Part Name | conductor.prt |
Expression Mame | id_cond |

Start [5 -

Stop 40 -

Step 5 -

= Additional Solution to Solve

Added Selution | None hd |

= Additional System Command

Added Systern Command(s) | MNone - |

= Post Processing

B Keep all AFU Files
] Keep all Plot Files

Complex Option Magnitude -
B Open Charts in Excel

¥ Help
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Results

Page 16 Restricted | © Siemens 2025 | Vivek | SI EA R&D US | 25-NOV-2025 SI E M E N S



Bushing Conductor Optimization

Current Density Plot
for Hollow Conductor

Parametric sweep for
Cavity ID

Start - 5 mm

Stop - 40 mm
Step - 5 mm
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Imported Result : conductor_sim2_HollewCondThermalCoupling_1_1
Load Case 1, Frequency 1, 60.00Hz

Current Density {(Area) - Element-Nodal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 2.355, Units = Almm? Complex Options : Amplitude
CSYS : Absolute Rectangular

2355
2.158
1.962
1.766
— 1.570
1.374
1.177
0.981
0.785
0.589
0.392
0.196
0.000
[Afmm?]

Imported Result : conductor_sim2_HollowCondThermalCoupling_4_1
Load Case 1, Frequency 1, 60.00Hz

Current Density (Area) - Elemeni-Nodal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 2.208, Units = A/mm? Complex Options : Amplitude
CS8YS : Absolute Rectangular

2.206
2.022
1838
1.654

1471
1287
1.103
0.919
0.735
0.551
0.368
0.184
0.000

[AImn]

Imported Result : conductor_sim2_HollowCondThermalCoupling_7_1
Load Case 1, Frequency 1, 80.00Hz

Current Density (Area) - Element-Nodal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 3.449, Units = A/mm? Complex Options : Amplitude
C8YS : Absolute Rectangular

3.449
3.182
2874
2.587
m 2299
2.012
1.725
1.437
1.160 z2C
0.862
0.575
0.287 XC
0.000
[A/mm?]

—

Imported Result : conductor_sim2_HollowCondThermalCeupling_2_1
Load Case 1, Frequency 1, 60.00Hz

Current Density (Area) - Element-Nedal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 2.311, Units = A/mm?, Complex Options : Amplitude
CSYS : Absolute Rectangular

2311

2118
1.926
1.733
— 1541
1.348
1.155
0.963
0.770 z
0578 '
0.385
0.193 ! L

0.000
[Afmm?]

Imported Result : conductor_sim2_HollowCondThermalCoupling_5_1
Load Case 1, Frequency 1, 60.00Hz

Current Density {(Area) - Element-Nodal, Unaveraged, May
Complex Options : Amplitude

Min : 0.000, Max : 2.242, Units = A/mm?, Complex Options : Amplitude
C8YS : Absolute Rectangular

ude

2.242

2.055
1,866
1,681
= 1.495
1.308
1.121
0.934
0.747 zc z
0.560 '
0.374
0.187 he e —
0.000
[Amm?

Imported Result : conductor_sim2_HollowCondThermalCoupling_8_1
Load Case 1, Frequency 1, 60.00Hz

Current Density (Area) - Elemant-Nodal, Unaveraged, Ma
Complex Options : Amplitude

Min : 0.000, Max : 6.820, Units = A'mm?, Complex Cptions : Amplitude
C8YS : Absolute Rectangular

6.820

ude

6.252
5.683
5115
w 4.547
3978
3410
2.842
2.273 i} z
1.705 '
1.137
0.568 o o [ f=—x
0.000
[Amm?

Imported Result : conductor_sim2_HallowCondThermalCoupling_3_1
Load Case 1, Frequency 1, 80.00Hz

Current Density (Area) - Element-Nodal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 2.253, Units = A/mm?, Complex Options - Amplitude
CSYS : Absolute Rectangular

2253
2.065
1.877
1.689
= 1.502
1.314
1.126
0.939
0.751
0.563
0.375
0.188
0.000
[A/mm?]

Imported Result : conductor_sim2_HollowCondThermalCoupling_6_1
Load Case 1, Frequency 1, 80.00Hz

Current Density (Area) - Elemeni-Nodal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 2.529, Units = A/mm?, Complex Options : Amplitude
C8YS : Absolute Rectangular

2.529
2.318
2107
1.897
~ 1.888
1.475
1.264
1.054
0.843
0.632
0421
0.21
0.000
[A/mm?]

Until Target -
y  * Mesh Name
~ Objects to Mesh
+/ Select Source Face (1)

+/ Select Target Face (1)

[-]
[-]

& &

« Element Properties
Type (1 Hex -

¥ Source Mesh Parameters
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Source Element Size 0.8800 mm = Iz

] Attempt Multiblock Source & Measure...
() Attempt Free Mapped Meshing = Expression...
Attempt Quad Only Off - Allow Triangles |

« Wall Mesh Parameters Reference
8 Use Layers 1.0000[mm]
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Bushing Conductor Optimization

Imported Result : condustor_sim2_HollowCondThermalCoupling_2_1
Load Case 1, Frequency 1, 60.00Hz

Temperature - Element-Nodal, Unaveraged, Scalar
Min ; 76.283, Max : 76.484, Units = °C

Imported Result : conductor_sim2_HollowCondThermalCoupling_1_1
Load Case 1, Frequency 1. 60.00Hz
Temperature - Element-Nodal, Unav
Min : 78.075, Max : 78.283, Units = °C

ZC

600.00 800.00

Temperature Plot for B
Hollow Conductor

Parametric sweep
Cavity ID

r_sim2_HollowCondThermalCoupling 5 1
Load Case 1, Frequency 1, 60.00Hz
Temperature - Element-Nodal, Unavs

Imported Reslt : conductor_sim2_HollowCondThermalCoupling 4 1
Load Case 1, Frequency 1 00!
Temperature - Element-Nodal, Una

, Scalar ged, Scalar

Min : 76.750, Max : 76,951, Units = Min ; 82.570, Max : 82.791, Un
600.00 600.00

AT
508.33
462.50

Start - 5 mm i

Stop - 40 mm
Step - 5 mm

=d Result : conductor_simZ_HollowCondThermalCoupling_8_1
Load Case 1, Frequency 1, 80.00Hz
Temperature - Element-Nodal, Unaveraged, Scalar
Min : §10.281, Max : 511.980, Units = °C

Imported Result : conductor_sim2_HollowCondThermalCoupling
Load Case 1, Frequency 1, 60.00Hz
Temperature - Element-Nodal, Unaves
Min : 146.381, Max : 146.820, Units

i, Scalar

600.00

462.50

416.67
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Imported R - conductor_sim2_HollowCondThermalCaupling_3_1
Load Case 1, Frequency 1. 60.00Hz

600.00
55417
508.33
462.50
— 416.67
. 370.83

325.00
279.17
23333
187.50
141.67

Imported Result : conductor_sim2_HollowCondThermalCoupling 6 1
Load Case 1, Frequency 1, 60.00Hz
Temperature - Element-Nodal, Unar
Min : 98.667, Max : 98.942, Units = °

600.00
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Bushing Conductor Optimization

Current Density Plot
for Solid Conductor

Parametric sweep for
Conductor OD

Start - 25 mm
Stop - 45 mm
Step - 5 mm
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Bushing Conductor Optimization

Temperature Plot for
Solid Conductor

Parametric sweep for
Conductor OD

Start - 25 mm
Stop - 45 mm
Step - 5 mm

Importec Result © conductor_sgim?_SolidConagac 11
Load Case 1, Frequency 1, 60.00Hz

Temperature - Element-Nodal, Unaveraged, Scalar
Min : 358.5277, Max : 358.5548, Units = °C

358 5544
350.5524
358.5501
o 3585479
= 358.5456
358.5434
358 5411
356.5289
358.5367
358.5344
35865322
358.5299
358.5277
['C]
Imported Result : conductor_simi_SolidCondAC_4_1
Load Case 1, Frequency 1, 60.00Hz

Temperature - Element-Madal, Unaveraged, Scalar
Min : 7.792E+01, Max : 7.793E+01, Units = °C

7.793E+01
7FRAEFD
7.793E+01
= 7.792E+01
= 7.792E+0
7.792E+01
7.792E+01
7.792E+01
7F9ZE+D
F92E
7.792E+01
7.792E+
7.792E+01
el

Imported Result : conductor_sim1_SolidCondAC_2_1
Load Case 1, Frequency 1, 60.00Hz

Temperature - Element-Nodal, Unaveraged, Scalar
Min : 179.3347, Max : 179.3497, Units = °C

179.3497
785485
17893472
- 17a.3460
= 179.3447
178.3435
793423
793410
179.3398
17853385
1785372
79,3360
179.3347
I'cl

Imported Result - conductor_sim?_SolidCongac 3 1
Load Case 1, Frequency 1, 60.00Hz

Temperature - Element-Nodal, Unaveraged, Scalar
Min @ 1.105E+02, Max : 1.105E+02, Units =°C

- 1 105E+02
o 10SE+DE

g_’x.

Imported Result: conductor_sim1_SolidCendAC_5_1
Load Case 1, Frequency 1, 60.00Hz

Temperature - Elament-Nedal, Unaveragaed, Scalar
Min : 5.266E+01, Max : 5.967E+Q1, Units = *C

5.967E+01
5.967E+01
5.967E+01
= 5.0967E+01
= 5.867E+01
5.867E+D1
5.867E+01
5.966E+01
5.966E+01
5.966E+01
5.866E401
5.966E+01
5.866E+01
["Cl

1.105E+02
1A05E+02
1105E+02

1,105E+02
1.105E+02
1.105E+02
1.105E+02
1.105E+02
1 105E+02 i
1105E+03 —X
11055402

Cl
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Bushing Conductor Optimization

Current Density Plot for

Hollow Conductor & same
thickness

Parametric sweep for
Conductor OD

Start — 2.25”
Stop - 1.75

HollowCondThermalCoupling_ 175 Result : conductor_sim2
Load Case 1, Frequency 1, 60.00Hz

Current Density (Area) - Element-Nodal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 2.325, Units = A/mm?

CSYS : Absolute Rectangular

2.325

2.164

2.004

1.843

1.682

1.521

1.361

1.200

1.039

[A/mm?)
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HollowCondThermalCoupling Result : conductor_sim2

Load Case 1, Frequency 1, 60.00Hz

Current Density (Area) - Element-Nodal, Unaveraged, Magnitude
Complex Options : Amplitude

Min : 0.000, Max : 1.860, Units = A/mm?

CSYS : Absolute Rectangular

1.860

1.706

1.5562

1.398

1.243

1.089

0.935

0.781

0.626 7 — @

[A/mm?] !
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Bushing Conductor Optimization

HollowCondThermalCoupling_175 Result : conductor_sim2 HollowCondThermalCoupling Result : conductor_sim2

Load Case 1, Frequency 1, 60.00Hz Load Case 1, Frequency 1, 60.00Hz

Temperature - Element-Nodal, Unaveraged, Scalar Temperature - Element-Nodal, Unaveraged, Scalar
Tem pe rature Plot for Min : 75.140, Max : 75.337, Units = °C Min : 50.676, Max : 50.784, Uniits = °C

Hollow Conductor & same

thickness — 75.337 50.784
Parametric sweep for

Conductor OD

Start — 2.25” - 75238 ’@

Stop — 1.75”

~ 75.140 z_g 50.676
[°C]

X X
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Bushing Conductor Optimization

Temperature Plot for Copper Flats

Copper flats are used in simulation to estimate the
temperature rise. The copper flats dimensions are taken such
that they can be accommodated in the porcelain bushing
structure.

Max Temp 72.7 °C

Any other shape can be further simulated.
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72.698
' 7261
B 72523

72435

72260
12172
72084
71997
71.909
71.821
71.734

71646

'c

2C
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Summary and Conclusion
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Bushing Conductor Optimization

Summary & Conclusion

* In simulation study, a base line is created for current density & temp rise in a bushing conductor. The
temp rise value is compared with test measurement. Current density & Temperature plots for parametric
study is completed for hollow conductors inner dia, conductor dia, and with copper flats.

* The base line can be further tweaked with experimental results to match the temperature measurements.
The inconsistencies in temp plot may be caused by mesh sizes of changing air cavity and dur to different
location of temp probes during actual testing.

- Parametric study shows that material reduction can be achieved with reduced conductor cross-section
while complying to temperature rise criteria.

« Simulation can be further done with any other suggested cross-section geometry and with any 3D shape
suggested by user.
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Case Study 2
Outdoor Cutout Geometry Optimization
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Outdoor Cutout Geometry Optimization

Simulation Study of Outdoor Cutout

According to C37.62 Clause 7.3.1, the rated insulation levels for cutout-
mounted Fls are based in part on the rating of the cutout support.

System-Level Rating Approach

The overall insulation rating of the assembly is not just based on
the cutout alone. It's derived from the combination of:

» The cutout insulation capability
* The insulator insulation capability
« Spatial positioning of all parts relative to each other

The final system rating is limited by the weakest component and components arrangement in the assembly.
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Outdoor Cutout Geometry Optimization

~—
—

Geometry & model simplification

First simulation is created for establishing the base line.
The detailed outdoor structure is used for electrostatic
study. For simplification, only copper, epoxy and air is
considered in study.

COPPER

EPOXY

COPPER
COPPER
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Outdoor Cutout Geometry Optimization

Load assignment for OPEN Condition

HIGH
VOLTAGE
Voltage Loads
High Voltage 60 kV
Ground )]
GROUND
GROUND
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Boundary assignment for OPEN Condition

Boundary Assignment

PEC Boundary All outer surfaces

Study Magnetodynamic Frequency
Frequency 60 Hz
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Results
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Outdoor Cutout Geometry Optimization

Electric Field Plot

High E-Field is observed at high voltage bracket, hardware and near mounting bracket.

Solution 1 Result : test_part_sim1
Load Case 1, Initial Time Condition,
Electric Field Strength - Element-Nodal}
Min : 0.00, Max : 1807.50, Units = V/mm
CSYS : Absolute Rectangular

I 1807.50
1506.25

olution 1 Result : test_part_sig
oad Case 1, Initial Time Col
lectric Field Strength - Elem
in : 0.00, Max : 1807.50,
SYS : Absolute Rectang

1807.50

1506.25

1205.00 ‘ 1205.00
903.75 903.75
602.50 602.50
301.25 301.25
0.00 0.00
[V/mm] [V/mm] [Vimm]
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Geometry Optimization
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Outdoor Cutout Geometry Optimization

Geometry Variation
Two design variations are tried in simulation study.

For first design iteration, bracket face towards insulator is
modified to achieve higher clearance. For second design
variation, Cutout body is rotated away from the insulator to
achieve higher even clearance from the grounded mounting
bracket.
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Outdoor Cutout Geometry Optimization

CSYS : Absolute Rectangular

Electric Field Plot 3386.20

2589.65

1793.10

996.55

200.00

[Vimm)
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Solution 1 Result : Modified_Adaptor_Ver5_sim1 =%~ . B
Load Case 1, Inifial Time Condition. Os K
Electric Field Strength - Elément-Nodal, Unaveraged, Magnitude

Outdoor Cutout Geometry Optlmlzatlon

3386.20

2589.65

Electric Field Plot i

178310 = -

Highest E-Field is found near the bracket & hardware.

Tal _)@ UL g o ‘ s
- ATV O B Y Y ¥ g . i e it B
s e I e i e
i AT S E TR HARSRND N b5 ooy :
2 |
T R \
[Vimm]. :5’ i‘"”/,/,/,,rr,::: ; , : : ‘ _. Pt \“\‘\\‘::‘\:‘;\\\\}§‘\‘ \\g‘: = ’

LLoa0 Gase 1, Inmal Hme Conamon gs-———"""
Electric Field Strengtir=Elémant-Nodal, Unaverag
gm Max @ 3386 20, Units = Wimm :
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Outdoor Cutout Geometry Optimization

Electric Field Plot
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Solution 1 Result : Modified_Adaptor_Ver5_sim1
Load Case 1, Initial Time Cendition, Os b
Electric Field Strength - Element-Nodal, Unaveraged
Min : 0.00, Max : 3386.20, Units = VW/mm
CSYS ' Absolute Rectangular

3386.20

2589.65

1793.10
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Outdoor Cutout Geometry Optimization

Geometry Change

To achieve lower E-Field, major changes in
bracket design are introduced.

 Rotation of Cutout body
» Bracket extension and curved edge

* Use of rounded screw heads and covers
for hardware

Page 38 Restricted | © Siemens 2025 | Vivek | SI EA R&D US | 25-NOV-2025 SI E M E N S



Outdoor Cutout Geometry Optimization

Simulating Wet Voltage Withstand Conditions

Floating potential surfaces are applied as load
assignments to replicate wet test condition.

This method serves as a close approximation of
moisture-induced surface conductivity, providing a
practical and effective simulation approach.
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Outdoor Cutout Geometry Optimization

\J

Floating Potential Surfaces

Floating potential are used on surfaces which
are more probable for being wet or holding water
droplets during test. To closely match this
condition, larger shades of insulators are
assigned.

Floating
Floating Potential

Potential
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Load - Electrical Charges

Electrical Charge is used for creation of floating
potential surfaces. The feature is available in NX
Magnetics Module and can be applied multiple
times as needed for the geometry.
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< Simulation Object Container
+ @Fz Constraint Container
- @& Load Container

@@ Electric Charge(1)
@@ Electric Charge(2)
@@ Electric Charge(3)
@@ Electric Charge(4)
@@ Electric Charge(5)
@@ Electric Charge(6)
@@ Electric Charge(7)
@@ Electric Charge(8)
@@ Electric Charge(9)
@@ Electric Charge(10)
@@ Electric Charge(11)
@@ Electric Charge(12)
@@ Electric Charge(13)
@@ Electric Charge(14)
@@ Electric Charge(15)
@& Voltage(1)

B Voltage(2)

= Salver Sete

© Electric Charge

*» Name
» Destination Folder

+ Model Objects

(C] Group Reference
» Body Focus

/" Select Object (1)
*» Dividing Curve
» Excluded

v Magnitude

Electric Charge [As]

* Help

Card Name ELECTRICCHARGE3D
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Outdoor Cutout Geometry Optimization

Solution 1 Result : test_part_sim1
Load Case 1, Initial Time Condition, Os

VOItage Distri bution Plot ElectricPotential - Element-Nodal, Unaveraged, Scalar

Min : -1.707E-01, Max : 6.000E+04, Units = V

- The presence of floating potential surfaces causes I6'°°°E*°“
. istri i . . 5.500E+04
a non-linear voltage distribution across insulating
surfaces.

* Floating surfaces simulate wet conditions, where p—
water droplets create localized conductivity. —

* This approach closely approximates real-world wet ! 3.000E+04
surface behavior and is effectively implemented |
using the NX Magnetics module. 5 000E+04
- The method is simple, practical, and enhances the s
accuracy of wet voltage withstand simulations.

5.000E+04

4.500E+04

2.500E+04

1.000E+04
5.000E+03
0.000E+00

vl
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Outdoor Cutout Geometry Optimization

Electric Field Plot Comparison

* Electric field plots for the second design
variation are presented under both dry and
wet voltage test conditions.

« Under wet conditions, the electric field
intensity is approximately 10% higher than
in dry conditions.

« This comparison highlights the impact of
surface conductivity due to moisture and
reinforces the need for the geometry
optimization for wet test condition.
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Outdoor Cutout Geometry Optimization

Bracket design and assembly

From incremental changes to big leap.

Original Design 1st Design Iteration 27 Design Iteration
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Outdoor Cutout Geometry Optimization

Summary & Conclusion

In this simulation study, the geometry of cutout is optimized for power frequency voltage withstand test
condition. First, baseline was established by simulating the existing geometry and plotting the electric field
distribution. Areas with the highest electric field stress were identified, and design modifications were proposed
accordingly. For each design variation, the electric field was plotted, and high-stress zones were analyzed.
The geometry was incrementally revised based on these findings.

To simulate wet voltage withstand conditions, floating potentials were applied to surfaces most likely to
become wet during testing. This approach allowed for a realistic representation of test conditions.

The simulation enabled geometry optimization without the need for multiple physical prototypes or design
iterations. It also highlighted the differences between dry and wet voltage withstand test conditions.
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