
Shielding  

Transmission Lines  

against Lightning 

ATUG 

Jonathan Johnson 

Michael Garrels 



Outline 

• Theory 

• Setting up models in PLS-CADD 
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THEORY 



Lightning Design 

Lightning 

Parameters 

Insulation 

Level 

Structure 

Geometry 

Structure 

and Line 

Resistance 

Performance 

Estimate 
Model ≤ 

Performance 

Requirements 



Shield Angle 

*From RUS Bulletin 1724E-200 Page 8-6 



• Rolling Sphere has been around since the late 1950s 

• NFPA 780, IEC TC81, BS 6651, IEEE STD 1243  

• and a multitude of other standards 

Rolling Sphere 



What’s the difference? 

Shield Angle Rolling Sphere 
Check an angle, with different angles  

for different heights 

Check a circle, circle’s curvature 

incorporates variation with height 

Ignore structure resistance 
Circle radius a function of  

structure resistance 

Ignore operating voltage 
Circle radius a function of  

operating voltage  

Ignore terrain  

(transversely at structure) 
Check model with terrain 

Ignore terrain  

(longitudinally along span) 
Check model along span 

GO / NO GO Estimates performance metric 



Why change now? 

• PLS-CADD now has a rolling 

sphere tool! 

• Much faster for checking  

– Terrain 

– Multiple structures 

• Structure adjustments must be 

done manually 
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Implementation 

• Implementation 

– Change the design process as little as possible 

– Emphasize “manually” checking to teach vocabulary and process 

– Allow but don’t require PLS-CADD 

• Look up sphere radius in a table based on  
– Operating voltage 

– Structure impedance 

• Performance targets 

– Mandate projects stay within the range of model 

• Limit striking distance range 

• Limit ground resistance range 



Future Work 

• Problems with lightning models 

– No model has been calibrated against real world 

outages 

– Large degree of freedom in aggregating performance 

metrics along the length of a line 

• Opportunities for PLS-CADD 

– Measure the rolling sphere radius 

– Error checking the terrain TIN 

– Error checking the shielding TIN 
 



SETTING UP A LINE MODEL 



Number of Models  

• NSP - 852  SPS - 1263  PSCO - 472 



TIN Sizing 

• Basically need sphere diameter x 2 plus structure width to properly 

connect the circles to the ground. 



Open Template Model 



Assign Zone and Load IMP file 



Create TIN 



Z adjustments 

• Survey data shows differences in time for a given ground profile 

• The average TIN elevation difference is usually going to be within a few 

inches to a few feet throughout a given model, but any given structure 

can be off by a substantial amount 20 feet.  

• A PI Z adjustment is the most accurate way of assessing a model. 

 



Example –TIN Comparison 

 

5516-5569 WSG-BLG 

Average – 0.14 ft 

Standard deviation – 1.91 ft 

Max – 6.559 ft 

Median – 0.18 ft 

 
 
 
 



Shift everything down to 0 



Shift Structures back 



LIGHTNING DESIGN IN  

PLS-CADD 



Run LPC 



LPC Settings 



Display Lightning TIN 



Understanding the Report 



Examples – Exposed phase wire 



Examples – Triple Circuit 



Examples – Single Static 



Examples – Multiple Alignments 



Examples – Quad Circuit 



Examples – Crossing problems 



Examples – Crossing problems 

Cont. 



Examples – Crossing Cont. 



Examples – Mtn. Side Slopes 



Examples – Valleys 



Examples – Valleys Cont. 

• The conductor sags 230 ft above valley 

floor. The sphere rolls under the wires. 



Examples – Canyon 



Examples – Canyon Cont. 



Issues- 18.25’ Arm 



Issues-23’ Outside Arm 



Issues-25’ Outside Arm 



Issues-25’ Outside Arm 1’ Inside Arm 



Extreme side slope 



Issues 



Issues Cont. 



Issues Cont. 



Issues Cont.  



QUESTIONS?!? 


