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Introduction

« Substations provide ability to
transform voltages, segment
grid, and monitor power flow

* Rigid aluminum conductors used
to transmit electricity throughout
facility

« Conductors held in place w/
porcelain insulators




Introduction

» Conductors available in a variety of shapes

 Flat bar =
« Angle (UABC) L
* Tubing O

* Integral web (IWCB) E3
» Shape affects electrical resistance, fatigue, and expected life

« Ampacity and strength are perhaps the most important
considerations to be made when selecting a conductor.
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Objectives
» Compare efficacy of common rigid
aluminum bUS Conductors Conductor Cross Section

» Apply high demand current, and —
stagnant air natural convection.

Temperature Changes

 Obtain temperature change and “Heat Ioss trough Gonvection and Radiatior
internal stresses
» Determine expected life of each e
conductor undergoing cyclic “Fixed,figd support
thermal stress
. . Expected Life
- Validate results analytically Number of Cyls
« Compare results to Southern
Company design criteria Gy Georgia
echh.




Modeling

* All conductors
made of 6061-T6

aluminum

 Conductors
modeled as 10ft
long

PR En———
Angle (UABC) Tubing Integral Web (IWCB)
Flat Bar
Dimensions [in]
4” NPS Sch. 40 Tube
3/ 7 ” ”n 1/ 7 ” ” 14”
7" x4 4" x4"x % (4.5” OD, 4.03” ID) 4" X 4"X Ya
Cross-Sectional Area [in?]
1.5 1.9375 3.1487 3.781
Area Moment of Inertia [in%]
0.018 3.039 7.181 9.213
Linear Resistance [uQ/ft]
12.566 9.729 5.987 4.985 8
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Material Properties

- Al 6061-T6
aluminum is EEE I 2713 [b/in?]

TenS|Ie Yield Strength 37594 [psi]
Tensile Ultimate Strength 45411 [psi]

preferred for
* High strength-to-

weight ratio 0214 [Brut e
° Exce”ent CorrOSIOn Radiation Heat Emissivity 0.11
oS Voung's Hoduus [N SR

Thermal Conductivity Temperature Dependent

Ll [Nl I EINS LN 01l Temperature Dependent
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Loading Conditions

* Choosing conditions for worst case scenario

* At installation
« Uniform internal temperatures of 32°F

* At operation
 Ambient temperature was assumed to be 120°F

» Considering high electricity demand,
* a current of 2000 Amps

Installation Temperature 32 [°F]

Operation Ambient 120 [°F]
Temperature

2000 [Amps]
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General Analysis

» Thermal-Electric analysis with a Structural analysis is performed

 Fatigue study is performed on the bus conductors after the structural
analysis.
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General Analysis (Continued)

* Inputs for the Thermal-Electric analysis include:
« Ambient temperature
 Voltage difference across the busbar
« Emissivity of 6061 Aluminum

 The Static Structural analysis computes stress and deformation of
the busbar by using:
» The initial installation temperature at 32°F
» The temperature data obtained from the Thermal-Electric analysis

» The fatigue life is calculated by modeling a zero-based loading
cycle
» Full load conditions are the output of the Static Structural Analysis.
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Element Selection

* Element SOLID187 was chosen as the element
type.
» According to the ANSYS element reference:

« 'SOLID187 element is a higher order 3-D, 10-node
element. SOLID187 has a quadratic displacement
behavior and is well suited to modeling irregular
meshes (such as those produced from various y

CAD/CAM systems). b [

* The element is defined by 10 nodes having 3
degrees of freedom at each node.

* The element considers bending loads, axial and
perpendicular loads and thus allows for a lower
resolution mesh. 10

* This suits the requirements of our 3D analysis. (i Georgia
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Boundary Conditions

» Thermal and Mechanical boundary conditions are applied to models.

« Boundary conditions chosen as worst case scenarios like load
conditions

« Convection was considered at exposed surfaces of the busbars

« With a temperature varying convection coefficient.

 Coefficient data was preloaded from an ANSYS library considering simplified
convection with stagnant air.

 Radiation boundary conditions are applied to all surfaces of the
busbars exposed to the ambient environment
* The emissivity of the material is 0.011 as shown in material properties

» Mechanically all busbars have fixed support boundary conditions
applied at the mounting holes. . Georgia
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Mesh Convergence Study

* The Mesh Convergence study is
shown to the right.

« As we increase the Mesh
Resolution little change is seen
in maximum deformation.

» Shows that low mesh
resolution already shows a
converged result.

Maximum Total Deformation [in]

0.5

0.498

0.496

0.494

Mesh Convergence Analysis

0492 | N\

0.49

0.488

Mesh Resolution

Cr
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Results — Rectangle Bar

309.29 Max
308.26
307.22
306,18
305.14
304.1

303.07
302,03
300,99
299.95 Min

Surface Temperature Distribution [°F]

Max Temp = 309.29°F Min Temp = 299.95°F

Total Deformation [in]
0.49665 Max

044147
0.38629
0.331
0.27592
0.22073
0.16555
0.11037
0.055184
0 Min

Max Deformation = 0.49665 in Min Deformation = 0.0




Results — Rectangle Bar

Fatigue Life [# of Cycles Until Failure]

—r el
T oo
LA B "]

1e5
10000
1000
100
10

0 Min

14

Gr Georgia
Tech



Results — Angle (UABC)

Surface Temperature Distribution [°F]

219.76 Max
219,56
219,37
21917
218,97
218.78
21850 RS
218.38

218.19
217.99 Min

Max Temp = 219.76°F Min Temp =217.99°F

Total Deformation [in]

1.1645 Max
E 1.0351
0.90573

- 0.77634

0.64695
. 0.51756

— 0.38817

0.25878
I 0.12939 Max Deformation = 1.164 in Min Deformation = 0.0

0 Min
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1e8 Max
1e7
1e6
— 1e5
L 10000
— 1000
1 100

— 10
U

1
0 Min
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Results — Tube

Surface Temperature Distribution [°F]

189.68 Max
189.68
189,67
189.67
189.67
189.67
189.67
189.67
189.67
189.67 Min

0.0085645 Max
0.0076129
0.0066613

Max Temp = 189.68°F Min Temp = 189.67°F

Total Deformation [in]

0.0057097

1l

0.0047581
0.0038065
0.0028543
0.0019032
0.00095162
0 Min

Max Deformation = 0.00856 in Min Deformation = 0.0 in




Fatigue Life [# of Cycles Until Failure]

1e8 Max
1e7
1e6
1e5
10000
1000
100
10

1

0 Min
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Results — Integral Web (IWCB)

Surface Temperature Distribution [°F]

— 149.79 Max
149,75
149,72
149,69
149,66
149,62
149,59
149,56
149,52

B 149.49 Min

Max Temp = 149.79°F Min Temp = 149.49°F

Total Deformation [in]

0.025942 Max
0.023059
0020177
0.01729 e
0.014412
0.01153 R
0.0086472
0.0057648
0.0028624
0 Min

Max Deformation = 0.0259in  Min Deformation = 0.0




Fatigue Life [# of Cycles Until Failure]

l 1e8 Max
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Discussion

Table compares various values for different Busbars

Crl]ear tr(ejnd of decrease in maximum temperature seen and as the shape type is
change

» Largely due to cross-sectional area differences

Deformation is shape dependent
» Angle bar highest
* Tubing is lowest

Fatigue life is considered infinite for all shapes except

Maximum Total Average Fatigue Life

Busbar Maximum Temperature [°F] Deformation [in] [Cycles]

0.4966

Rectangular Bar 309.29 le7
1.1645
Angle Bar 219.74 1le8
: 0.0085 21
Tubing 189.68 1le8
0.0259
Integral Web 149.79 1le8
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Validation

Geometry & Environmental Conditions

Heat Generation & L0SS

Compare with
standard design
criteria

Steady State Temperature

Compare FEA with

Compare with

design criteria limits

solutions

simplified analytical | Axial deformation *
|
|
Strain & Stress |

|

Compare with

standard design
criteria

I
Expected life (Goodman Theory) F
R
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Validation

 Steady state temperature Steady State
Temperature from FEA

 Analytical solution calculated for e 20
Bar '

simple cases of bar and tubing R
 Results closely match FEA |

1 1 Southern Southern
Temperature Temperature Ampacity Current
standards (it Limie

%” x 4” Rectangular
: 309.29°F 1780 A
 Bar was over-loaded and failed
76°
44,3(';1P)é /;c:AsBOC 245°F 219.76°F 2564 A 2000 A
Tubing

4” x 4”x Y. INCB 149.79°F 4041 A
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Additional Studies

 Simulating the busbars being mounted on slots that allow the
busbars to move in the axial direction, along their length.

« Reduces the risk of injury during maintenance when the tension or
compression in the busbars is released.

« Deformation in the axial direction is required to be less than 3/8”
to avoid collision

« Boundary conditions were modified from original study.

. Eixeg support boundary conditions are still applied to one side of the
usbar

» The other side is restricted in all degrees of freedom expect movement
along the axial direction.

* All other boundary and load conditions are held constant with
respect to the previous study.

|
|
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Results of Additional Studies

» Results show rectangular bar exceeds limit
« While angle bar has the lowest resolution

» These are result for 10-foot span
» deformation is a function of span
e Thus, results can be used to infer deformation of the busbars relative
to one another

Deformation in

Busbar Busbar Axial
Direction [in]

Rectangular Bar

2.8535
Angle Bar 0.001134 25
Tubing 0.29803

Gr Georgia
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Integral Web

0.1841




Possible Future Work

* Topology optimization to obtain shape that minimizes the
temperature change

» While load conditions and boundary conditions are held
constant.

26
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Conclusions

 Validation of stresses needs to
be performed

 Each bar demonstrated infinite
life under these loading
conditions

» Deformations were key takeaways

27
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Thank You

Ryan Grajewski, Grey Williams, & Sameer Zaheer
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