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06-Introduction to Transmission Lines 
 

ECEGR 451 

Power Systems 

 

1 Dr. Henry Louie Dr. Henry Louie 

Topics 

• Transmission Line Statistics 

• Design Considerations 

• Resistance 
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Transmission Line Benefits 

• Hedge against 
generation outages 

• Efficient bulk power 
markets 

• Operational flexibility 

• Hedge against fuel 
price changes 

• Low-cost access to 
renewable energy 
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Transmission Lines 

• Challenges 

 capital cost 

• approx. 
$1000/(MWxmile)  

 economic risk 

 environmental  

• right-of-way 

• visual 

• audio 

• health 

 social resistance  

• (NIMBY) 
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What’s wrong with this image? 
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Transmission Line Anatomy 

insulator 

conductors 
static lines 

structure 
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Existing Transmission (U.S.) 
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Source: EIA 2005 

Note the incremental 
increases after Y2000 
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Existing Transmission (U.S.) 
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Source: EIA 2010 

Proposed Transmission (U.S.) 
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Source: EIA 2010 

Common U.S. Voltage Levels 

• Various definitions of 
voltage class (e.g. 
NEC over 600 V is 
high voltage) 

• Transmission is 
generally > 69 kV  
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Voltage 
Class 

Nominal 
Line Voltage 

Low 120/240 

208 

240 

480 

600 

Medium 2.4 kV 

4.16 kV 

6.9 kV 

12.47 kV 

13.8 kV 

69 kV 

High 115 kV 

138 kV 

230 kV 

Extra high 345 kV 

500 kV 

765 kV 

Transmission Line Design 

• Design considerations 

 sag 

 insulation 

 structural 

 environmental 
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Transmission Line Sag 

• Caused by heating of 
conductor (I2R) 

• Dependent on several 
factors including: 

 conductor design 

 resistance losses (line 
loading) 

 wind speed 

 ambient temperature 

• Limits power transfer 
across a line 
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“vegetation management” is critical 
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Transmission Line Design 

• Insulation considerations 

 normal voltage level 

 abnormal voltage level 

 environment 

• lightning 

 Clearances 

• Insulator materials 

 Porcelain 

 Glass 

 Fiberglass 

 Treated epoxy resins 
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source:www.transmission-line.net 
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Transmission Line Design 

ACSR 24/7 

Aluminum Conductor, Steel Reinforced ACSR 

24 aluminum strands (conduction) 

usually twisted, added length approx. 1-2 % 

conductor cross section 

7 steel (tension) 
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DC Resistance 

• DC resistance 

 

 

where 
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dc

l
R  

A

  : resistivity of the conductor 

 l : length of the conductor 

 A : cross-sectional area  

l 
A 

A is usually given in circular mils (cmil):  

area of circle having a diameter of 1 mil 

one mil: 10-3 inch 

Example 

   What is the cross sectional area of a 4/0 (212 kcmil) 
cable? 

 

Note: 1kcmil = 1,000 cmils (also written as MCM, 
where the first M is the Roman 1000) 
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Example 

What is the cross sectional area of a 4/0 (212 kcmil) 
cable? 

 

   The cable has the area of 212,000 0.001-inch 
diameter circles:  

Dr. Henry Louie 16 

2

20.001
212,000 0.1665 in

2

Resistance 

• Resistance is temperature sensitive 

• Approximately linear over normal operating 
temperatures 
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common T values in Celsius 
234.5 Annealed Cu, 100% 

241 Hard-drawn Al, 97.3% conductivity 

228 Hard-drawn Al, 61% conductivity 

2 2
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R T t
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t 
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Resistance 

• Resistance is frequency dependent 

• Skin effect: interaction of magnetic 
flux interior to the conductor 

• Results in non-uniform current 
distribution 

 current density increases from the 
interior toward the surface 

• ac resistances are usually tabulated 
(pg. 605 – 606) 
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conductor 

cross section 

dc current 

ac current 
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Example 

• Marigold conductor has dc resistance of 0.01558 Ohms per 
1000 ft at 20o C 

• spiral has increased length by 2 % 

• resistivity is 17.0 ( xcmil/ft) 

• cross section is 1,113,000 cmil 

• T = 228o C 

• If the ac resistance is 0.0956 Ohms/mile at 50o C, what is 
the percentage of resistance increase caused by the skin 
effect? 
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Example 

Step 1: find the DC resistance for 1000 ft of cable and  include 
spiraling 
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dc

l
R  

A

Example 

Step 1: find the DC resistance for 1000 ft of cable and  include 
spiraling 
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0 3

17 0 1000
1 02 0 01558 

1113 10

.
R . .

Note: tabulated value accounts  

for spiraling 

dc

l
R  

A

Example 

Step 2: find resistance at 50o C 
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2 2

1 1

R T t

R T t

Example 

Step 2: find resistance at 50o C 
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.  

. .  

1

2

R 0 01558

228 50
R 0 01558 0 01746

228 20

2 2

1 1

R T t

R T t

Example 

Step 3: compute the ratio of resistances for one mile of 
conductor (hint: there are 5280 ft per mile) 
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Example 

Step 3: compute the ratio of resistances 
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.
.

. .2

R 0 0956
1 037

R 0 01746 5 280

3.7 % increase 
[convert to miles] 
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Transmission Line 

• Our transmission line 
model so far is limited 

• What other elements 
should we add? 

 inductance 

 capacitance 

source load 

R 
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Readings for Thursday 

• R2: BPA Factsheet 

• R3: BPA Transmission Lines 
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