Wire span simulator

Ben Stabley - CIS122 - Lab 9 - Final Submission of ongoing lab project

Background

When a flexible chain, rope, or wire with uniform weight over its length is suspended from 2 points, the shape it produces under the effect of
gravity is called a "catenary".

For overhead electrical wires, the catenary shape can be used to calculate important safety clearances. Especially in high voltage transmission
(110kV and above) when electricity can more easily jump the gap to vegetation, towers, or other wires, wires must maintain clearance under a
number of conditions. Inadequate clearance is a hazard for power loss and possibly fires.

Though made of thick aluminum and steel, wires will naturally elongate from their original manufactured length due to initial settlement and age-
related deformation. Additionally, wires elongate as a function of temperature--both environmental temperature and heat generated during
operation due to electrical resistance. Other significant environmental factors include wind, water, ice, and varnish build-up which, when present,
add to the overall weight per unit-length of the wire.

Wire elongation changes the catenary shape, causing the lowest point of the wire to drop relative to the straight-line between wire attachment
points. The line between attachments is known as the "span" and the drop is known as "sag".

Goals

1. Use the catenary equation to calculate wire sag and clearance for level and inclined spans.

2. Use real wire specifications for calculations.

3. Account for temperature elongation and icing. Possibly wind.

4. Expand simulation to deal with a series of spans such as might be found in an electrical network.
5. Produce visualizations, possibly interactive 3D.
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Name Tensicn Wire Temp Current Ambient Tem Elevation Wind Speed  Wind Directio Ice Metallurgic Cr Sag Percent Rts
Initial 21017.745 15.0 907.0 15.0 0.0 0.0 0.0 0.0 0 -38.652414199 15.0
Thermal only 19568.1979823 93.9305880571 907.0 15.0 0.0 0.0 0.0 0.0 0 -41,546607602  13.965483430¢€
10 years creep 193958354603 93.9305880571 907.0 15.0 0.0 0.0 0.0 0.0 200 -41,920104735 13.8424712978
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Max lce/Wind 48457.5721738 -16.827736519 907.0 -20.0 0.0 2438 0.0 125 0 -37.423876067 35.2970112925

Wire Analysis GUI Program

Launch program

Change to the root code folder and run python main.py -

Usage

There are 3 tabs in the "Wire Analysis GUI": Wires and Spans, Conditions, and Solution. Each one configures a different part of the overall
system.

All units are Sl units (metric).

Wires and spans tab

Wires and Spans lets you configure the equipment component by choosing a wire type from those provided (all are standard ACSR wires) and
configuring what is known as the "ruling span". A ruling span is a length-weighted average span that represents a long multi-span run of an


https://en.wikipedia.org/wiki/International_System_of_Units

electrical circuit. You may enter the structure and span parameters directly or load a circuit from a CSV file.

| have provided 2 example circuits. simple_span.csv is just 1 span with the very minimal file requirements: an X column with 2 structures in some
abstract coordinate system. BPA_ TROUTDALE-DALLES_500KV.csv is an actual transmission circuit that runs from The Dalles, through the
mountains north of Mt Hood, near Sandy, and ultimately ends up near Barton. It contains structure positions in the "Web Mercator" coordinate
reference system, which measures position as meters from the Prime Meridian (X) and from the Equator (Y). Elevation values for the structure
base (Z) are specified as meters above sea-level.

Conditions tab

Conditions allows you to configure the operating and environmental conditions of the wire. These could be field-measured values or theoretical
maximums specified by regulator bodies. Operating conditions are things like the current flow in the wire or the plastic elongation (creep)
experienced by the wire due to age. Environmental conditions are air and weather, solar, and wire surface conditions (eg dirtiness).

You may create new conditions by completing the form and pressing "Create Condition". You can modify a condition by selecting it, editing the
form values, and pressing "Update Condition". Finally, you can delete a condition by selecting it and pressing "Delete Selected Condition". Each
condition must have a unique name. "Tension" is really only required for the condition you decide to use as the "initial condition" (see Solution
tab). If you select a wire type other than "Drake", you may want to modify the initial condition's tension to be about 10-20% of that wire's tensile
strength.

You may also save your configured conditions to disk in a JSON format and load them later. Of course, you may also edit or add conditions via
editing the JSON file though this is beyond the scope of this document. | have provided a set of 4 conditions in conditions.json for you to try. The
condition named "Initial" is intended to be used as the initial condition for the solution tab.

Solution tab
The solution tab allows you to choose an initial condition, "solve" the remaining conditions, view the results, and optionally export them to CSV.

An "initial condition" is essentially a starting point for the circuit. All other conditions represent events that happen to the ruling span after the
initial condition. The initial condition could be when the wire is first installed, before power is sent through, or some other "everyday" operating
condition. In the sample conditions | have provided, the initial condition is intended as the former (first installed).

The program will solve each non-initial condition first for the wire temp based on thermal variables (current flow, weather, etc). Then it will solve
for the horizontal tension based on thermal, creep, and weight-induced elongation of the wire. Select properties of the solved condition along with
the sag and the final tension's percentage of the wires max rated tensile strength (RTS or breaking strength) are shown in the table.

Sag and %RTS are critical for 2 reasons:

1. Excessive sag can cause the wire to come close enough to vegetation or buildings that an arc forms, causing power outage and potentially
fire.

2. If the wire experiences tension near its %RTS, the wire could physically break, also leading to power outage and fire. This is especially
important as the wire ages.

Author comments about code

Two main points:

First, not all the code has full docstrings. This is especially true of the gui code, which was largely generated by ChatGPT to create a skeleton. |
then modified it to work with the view-model paradigm as well as tweak the labels, widget positions, etc. Most functions and types have
docstrings, but they are not necessarily in Google's documentation format.

Second, although the program produces calculations, | don't believe the solved tension (and therefore sag and %RTS) are actually correct. | had
good success with the catenary shape equations that you saw in earlier labs, and also had success with the thermal solving portion of the solver.
However, | struggled with the tension solver as my (many) sources didn't really specify a clear algorithm.

Overall, | actually spent a /ot of time in the middle of the quarter trying to understand the tension-solving methods and got behind on the other
aspects of the project, such as code documentation and GUI/UI development. Despite this, | think | did achieve most of the goals | set for this
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program at the beginning of the quarter.

Sources

1. Douglass et al. 2016. Sag-Tension Calculation Methods For Overhead Lines. CIGRE Task Force B2.12.3. https://www.coipsi.com/wp-
content/plugins/download-attachments/includes/download.php?id=4112
2. Slegers. 2011. Transmission Line Loading: Sag Calculations and High-Temperature Conductor Technologies. lowa State University.
https://home.engineering.iastate.edu/~jdm/wind/TransmissionLineLoadingDesignCriteriaAndHTS.pdf
3. John Alexiou. 2016. Answer on Physics Stack Exchange. https://physics.stackexchange.com/questions/51485/shape-of-a-string-chain-cable-
rope-wire
4. Priority Wire & Cable Inc. 2021. ACSR - Aluminum Conductor Steel Reinforced. https://www.prioritywire.com/specs/ACSR.pdf (also
https://www.prioritywire.com/brochures/Utility Catalog.pdf)
5. Wikipedia contributors. 2025. Catenary. Wikipedia. https://en.wikipedia.org/wiki/Catenary
6. Wikipedia contributors. 2025. Electrical power transmission. Wikipedia. https://en.wikipedia.org/wiki/Electric_power_transmission
7. Riba, Liu, Moreno-Eguilaz. 2024. Analyzing the role of emissivity in stranded conductors for overhead power lines. International Journal of
Electrical Power & Energy Systems Volume 159. https://doi.org/10.1016/j.ijepes.2024.110027
8. Poles-n-Wires. https://polesnwires.com/articles/conductor-blowout/
9. https://www.elandcables.com/media/38193/acsr-astm-b-aluminium-conductor-steel-reinforced.pdf
10. PLS-CADD https://www.powline.com/technotes/Elevated_Temperature_Creep.pdf
11. 1283-2013 - IEEE Guide for Determining the Effects of High-Temperature Operation on Conductors, Connectors, and Accessories.
https://ieeexplore.ieee.org/document/6616559
12. 738-2023 - IEEE Standard for Calculating the Current-Temperature Relationship of Bare Overhead Conductors.
https://ieeexplore.ieee.org/document/10382442
13. A New Computer Model of ACSR Conductors. https://ieeexplore.ieee.org/document/4111976
14. BPA transmission line GIS data from: https://atlas.eia.gov/

Appendix: Equations
Mostly for Ben's reference.

From Douglass 2016 [1]

symbol meaning
S span length
L catenary conductor length
D catenary low point sag distance (vertical)
sinh™! arcsinh, etc. not mﬁ
H tension, N
w conductor unit weight, kg/m
E modulus of elasticity
A conductor cross-sectional area, m?
a coefficient of thermal expansion
o stress = %, MPa
€ strain, parts-per-million (%) or "microstrains”

» eq 3. Total conductor length (left and right) relative to catenary low point.
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H w-x
L(z) = — - sinh ( )

w H
e eq 7. "Slack" = conductor length - span length:

slack =L — S

 eq 9. Conductor position (left and right) relative to catenary low point. y > 0

y(z) = H (cosh (me> - 1)

w

« eq 10. Catenary low point relative to support. h is relative structure heigh difference. Note h is relative to support in question. h<0 indicates
the conductor is declined from support; h>0 indicates conductor is inclined from support.

H
C = — = catenary constant
w
S
Sp = 5= half span length
h
Xp=S8,—Csinh ! [ —————
P <2Csinh(§ch))
* eq 13. Linear elastic strain
AL=1L— L,y
AH =H — H,.
AH
AL =Lyt | ——
! <E : A)
D=L (14 2=t
= Liref + E-A
L= Lref (1 + 60—)
e eq 14. Linear thermal strain
AL =1L — L,y
AT =T — Trey

AL:LTef'O,“AT
L= Lref (1 + « (T — Tref))

» eq 19. Combined elastic modulus for non-homogeneous conductors (ie weighted average of component F/, weighted by proportion of cross-

sectional area)

A A
EAS:EA'A—;—FES‘A_;

« eq 20. Combined coefficient of thermal expansion (ie weighted average of component «, weighted by proportional £/ - A

( Ey Ay ) ( Es Ag ) (0aEsAs+ asEsAg)
- _ _|_ aS . —
Eus Ays

- EysAys

o Pg 51. Creep elongation with time. o expressed in MPa and t in hours. Note that K here is a constant from IEEE for different conductors
based on casting method and strand numbers. | don't know why Douglass chose 1.36 (hot-rolled 7 strands of AL), but maybe because it's
the most conservative (of the small table listed by PLS-CADD)?

cc = K - g3 . 016

K =1.36



From Slegers 2011 [2]

symbol meaning
l span length
L catenary conductor length
S catenary low point sag distance (vertical)
D conductor diameter
sinh ! arcsinh, etc. not ﬁ
H tension
w conductor unit weight
E modulus of elasticity
A conductor cross-sectional area
« coefficient of thermal expansion
o stress = %
€ strain, unitless, parts-per-million (ﬁ) or "microstrains”

* eq 1.6. Conductor length under stress. Similar to eq 13 in Douglass, but with creep.

Ly =L-(1+¢ +e€c)
L = length with no stress
_H
" E-A
€c = creep plastic deformation

€s

* eq 1.7. Conductor length under stress and temperature. Again, similar to eq 14 in Douglass, but combines stress and temperature
elongation. Slegers shows using wy and Weondition to Make a (numerically) solvable equation for H with Leongition (H) = Lo(H).

L=Ly - (1+aAT)-(1+¢€, +€c)

H - H,

o Ice volume. Below is my simplification using diameter D instead of radius R. Slegers adds stupid unit conversions to the equation.

Total ice weight is then w = v - p where p is density.

o= ((Rw YR - R,i)
= R (Rl + 2Rw)

o HeatBalance: Q¢ + Qr = Qs + Qrum
Slegers uses this to solve for ampacity. But I'm numerically solving with newton's method to find the wire temp at a particular current.

o Convective heat loss. Does not specify what constitutes "low" and "high" speed wind. Provides table for properties of air at various

temps, but does not specify pressure and moisture of air.



Qc = mANu(T — To,)

D
Re="2 y,reynolds number
n

Nu = 0.32 + 0.43Re"52, for low speed winds
Nu = 0.24Re"%, for high speed winds
A = thermal conductivity of air

o Radiant heat loss. T in °K. k, constant

Qr = kskDr (T* — T))

ks = Stephan-Boltzmann constant for black body radiation
k. = emission coefficient. ~ 0 for new, 0.5 - 1 for dirty/oxidized, usually ~ 0.6

T, = ambient temperature

o Solar heat gain (insolation).

Qs = Dk,Qsn

ko = absorption coefficient, unitless. usually around 0.5

Qsr = standard solar radiation. varies geographically 850 - 1350

o Resistive heat gain (AC losses). Resistance for AC.

Qey = IRy

Ry = R'r'ef (1 + agr (T — T,.ef))
apr = temperature coefficient of resistance

From Alexiou [3]

« Vertical conductor sag position y as a function of distance from structure. (a:c, yc) = catenary sag low point, S' = span length, a = catenary
constant, h = relative structure height difference. For some reason Alexiou substitutes an exponential expression for sinh but they appear to

y(@)=yc+a <cosh (a: ;$C> — 1)

s
T, = 5 + asinh™ Lﬂg
2 a(l—eq)

= eon(2) 1)

be equivalent.
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