
 

 
 

IEEE Standard for Calculating the  
Current-Temperature Relationship of 
Bare Overhead Conductors 
 

 
Sponsored by the  
Transmission and Distribution Committee 
 

 
IEEE 
3 Park Avenue  
New York, NY 10016-5997 
USA 
 
          

IEEE Power and Energy Society 

 

IEEE Std 738™-2012 
(Revision of  

IEEE Std 738-2006/ 
Incorporates 

IEEE Std 738-2012/Cor 1-2013)  

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:16:51 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 738-2012

http://www.avadocuments.com/doc/ieee-738-2012
http://www.avadocuments.com/doc/ieee-738-2012


Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:16:51 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 738-2012

http://www.avadocuments.com/doc/ieee-738-2012
http://www.avadocuments.com/doc/ieee-738-2012


IEEE Std 738™-2012 
(Revision of 

IEEE Std 738-2006/ 
Incorporates 

 IEEE Std 738-2012/Cor 1-2013) 

IEEE Standard for Calculating the 
Current-Temperature Relationship of 
Bare Overhead Conductors 

Sponsor 
 
Transmission and Distribution Committee 
of the 
IEEE Power and Energy Society 
 
 
Approved 19 October 2012 
 
IEEE-SA Standards Board 
 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:16:51 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 738-2012

http://www.avadocuments.com/doc/ieee-738-2012
http://www.avadocuments.com/doc/ieee-738-2012


 

 

Abstract: A method of calculating the current-temperature relationship of bare overhead lines, 
given the weather conditions, is presented. Along with a mathematical method, sources of the 
values to be used in the calculation are indicated. This standard does not undertake to list actual 
temperature-ampacity relationships for a large number of conductors nor does it recommend 
appropriately conservative weather conditions for the rating of overhead power lines. It does, 
however, provide a standard method for doing such calculations for both constant and variable 
conductor current and weather conditions.   
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product.  
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.  
While IEEE administers the process and establishes rules to promote fairness in the consensus development 
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the 
soundness of any judgments contained in its standards. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.  
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related 
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of the art and comments 
received from users of the standard.  

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,  
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:  
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Translations  

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 
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Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE.  

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and 
Standards Coordinating Committees are not able to provide an instant response to comments or questions 
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not 
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

Laws and regulations  

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.  
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 

Photocopies  

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 
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Updating of IEEE Standards documents  

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although 
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to 
determine that they have the latest edition of any IEEE standard. 

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at 
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE's standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely 
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction 

This introduction is not part of IEEE Std 738-2012, IEEE Standard for Calculating the Current-Temperature 
Relationship of Bare Overhead Conductors. 

In 1986, IEEE Std 738, IEEE Standard for Calculation of Bare Overhead Conductor Temperature and 
Ampacity Under Steady-State Conditions, was first published. The standard was developed “so that a 
practical sound, and uniform method (of calculation) might be utilized and referenced.”  

As part of the revision in 1993, the Working Group on the Calculation of Bare Overhead Conductor 
Temperatures, which was responsible for the revision of this standard, decided to address fault current and 
transient ratings and include their calculation in this standard. In the present revision, SI units were added 
throughout, the solar heating calculation was extensively revised, and many editorial changes were made. 

In the 2006 revision, SI units were added throughout, the solar heating calculation was extensively revised, 
and many editorial changes were made. This standard includes a computer program listing in “pseudo-
code.” The working group has made every effort to ensure that the numerical algorithms included in the 
listing are accurate, but the user is cautioned that there may be values of rating parameters for which the 
method is not appropriate. The listing does not include input or output commands but is included to allow 
the user to develop their own computer program of spreadsheet application using proven algorithms. 

Richard E. Kennon, James Larkey, Jerry Reding, and Dale Douglass (Task Force Chairman) did much of 
the revisions in the 1993 and 2006 versions of the standard. 

Many persons have contributed to the preparation of this most recent standard. The primary contributors 
were Dale Douglass, Glenn Davidson, Zsolt Peter, Dean Stoddart, Jerry Reding, and Bill Black. Mark 
Lancaster, Tapani Seppa, Mark Ryan, Mohammad Pasha, Cody Davis, Francesco Zanellato, Gord Baker, 
Kathy Beaman, and Doug Harms provided both editorial and technical support. Many other members of 
IEEE W.G. 15.11.02/06 “T&D Overhead Conductors & Accessories,” chaired by Craig Pon, contributed 
their time and thought. 

We would also like to recognize the contribution of the late B.S. Howington, who served as Chair of the 
working group for many years and was responsible for developing the original standard. 

 

Incorporated corrections were made to Clause 4 as required by IEEE Std 738-2012/Cor 1-2013.
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IEEE Standard for Calculating the 
Current-Temperature Relationship of 
Bare Overhead Conductors 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 
environmental protection, or ensure against interference with or from other devices or networks. 
Implementers of IEEE Standards documents are responsible for determining and complying with all 
appropriate safety, security, environmental, health, and interference protection practices and all 
applicable laws and regulations. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

The standard describes a numerical method by which the core and surface temperatures of a bare stranded 
overhead conductor are related to the steady or time-varying electrical current and weather conditions. The 
method may also be used to determine the conductor current that corresponds to conductor temperature 
limits. The standard does not recommend suitable weather conditions or conductor parameters for use in 
line rating calculations. 

1.2 Disclaimer 

A computer program is included in this standard as a convenience to the user. Other numerical methods 
may well be more appropriate in certain situations. 

The IEEE Working Group on Calculation of Bare Overhead Conductor Temperatures of the Towers, Poles 
and Conductors Subcommittee has made every effort to ensure that the computer program yields accurate 
calculations under anticipated conditions; however, there may well be certain calculations for which the 
method is not appropriate. It is the responsibility of the user to check calculations against either test data or 
other existing calculation methods. 
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2. Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary Online should be consulted for terms not defined in this clause. 1 

conductor temperature: The temperature of a conductor, Tavg, is normally assumed to be isothermal (i.e., 
no axial or radial temperature variation). In those cases where the current density exceeds 0.5 A/mm2  
(1 A/kcmil), especially for those conductors with more than two layers of aluminum strands, the difference 
between the core and surface may be significant. Also, the axial variation along the line may be important. 
Finally, for transient calculations where the time period of interest is less than 1 min with non-
homogeneous aluminum conductor steel reinforced (ACSR) conductors, the aluminum strands may reach a 
high temperature before the relatively non-conducting steel core. 

effective (radial) thermal conductivity: Effective radial thermal conductivity characterizes the bare 
stranded conductor’s heterogeneous structure (including aluminum strands, air gaps, oxide layers) as if it 
were a single, homogeneous conducting medium. The use of effective thermal conductivity in the thermal 
model simplifies the calculation process and avoids complex calculations on a microscopic level including 
the assessment of contact thermal resistances between strands, heat radiation and convection in air gaps 
locked between strands. 

heat capacity (material): When the average temperature of a conductor material is increased by dT as a 
result of adding a quantity of heat dQ, the ratio, dQ/dT, is the heat capacity of the conductor. 

maximum allowable conductor temperature: The maximum conductor temperature limit that is selected 
in order to minimize loss of conductor strength, and which limits sag in order to maintain adequate 
electrical clearances along the lines. 

Reynolds number: A dimensionless number equal to air velocity time the air density times conductor 
diameter divided by the kinematic viscosity of air, all expressed in consistent units. The Reynolds number, 
in this case, is equal to the ratio of inertia forces to the viscous force on the conductor. It is typically used to 
differentiate between laminar and turbulent flow. 

specific heat: The specific heat of a conductor material is its heat capacity divided by its mass. 

steady-state thermal rating: That constant electrical current which yields the maximum allowable 
conductor temperature for specified weather conditions and conductor characteristics under the assumption 
that the conductor is in thermal equilibrium (steady state). 

thermal time constant: In response to a sudden change in current (or weather conditions), the conductor 
temperature will change in an approximately exponential manner, eventually reaching a new steady-state 
temperature if there is no further change. The thermal time constant is the time required for the conductor 
temperature to accomplish 63.2% of this change. The exact change in temperature is not exponential so the 
thermal time constant is not used in the calculation described in this standard. It is, however, a useful 
concept in understanding line ratings. 

time-varying weather and current: Neither weather conditions nor the electrical current carried by an 
overhead transmission line is typically constant over time. Yet both are assumed constant in conventional 
steady-state rating calculations. Even in the transient rating calculation where the current undergoes a step-
change, the weather conditions are typically assumed constant. Only real-time rating methods consider the 
time-variation of line current and weather. 

transient thermal rating: The line current can change suddenly. The conductor temperature cannot. For 
short-time emergency line currents, the delay in heating the conductor may allow relatively high currents to 
be applied for short times (e.g., less than 3 thermal time constants) without exceeding the maximum 

                                                 
1IEEE Standards Dictionary Online subscription is available at: 
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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allowable conductor temperature. The transient thermal rating is that emergency current (If) that yields the 
maximum allowable conductor surface or core temperature in a specified short time (typically less than  
30 min) after a step change in electrical current from its initial current, Ii 

wind direction: Wind direction is relative to the conductor axis (where both wind direction and the 
conductor axis are assumed to be in a plane parallel to the earth). When the wind is blowing parallel to the 
conductor axis, it is termed “parallel wind.” When the wind is blowing perpendicularly to the conductor 
axis, it is termed “perpendicular wind.” In general, winds are neither parallel nor perpendicular to the line. 
At low wind speeds, where the wind is turbulent, it may have no persistent direction. 

3. Units and identification of letter symbols 

NOTE—SI units are the preferred unit of measure. However, in the United States the calculations described 
in this standard have frequently been performed using a combination of units that will be referred to 
throughout this document as “US” units. This standard includes both SI and US units with SI units 
preferred.2 

Table 1 —Units and identification of letter symbols 

Symbol Description SI units US units 

A’ Projected area of conductor m2/linear m ft2/linear ft 

C Solar azimuth constant deg deg 

Cpi Specific heat of ith conductor material J/kg-°C J/lb-°C 

D0 Outside diameter of conductor m ft 

Dcore Conductor core diameter m ft 

Hc Altitude of sun (0 to 90) deg deg 

He Elevation of conductor above sea level m ft 

I Conductor current A A 

Ii Initial current before step change A A 

If Final current after step change A A 

Kangle Wind direction factor – – 

Ksolar Solar altitude correction factor – – 

kf Thermal conductivity of air at temperature Tfilm W/(m-°C) W/(ft-°C) 

kth Effective radial thermal conductivity of conductor W/m-°C W/(ft-°C) 

Lat Degrees of latitude deg deg 

mCp Total heat capacity of conductor J/(m-°C) J/(ft-°C) 

mi Mass per unit length of ith conductor material kg/m lb/ft 

N 
Day of the year (January 21 = 21, Solstices on 172 and 
355) 

– – 

NRe Dimensionless Reynolds number – – 

qcn, qc1, 
qc2, qc Convection heat loss rate per unit length 

W/m W/ft 

                                                 
2 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement 
this standard. 
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Symbol Description SI units US units 

qr Radiated heat loss rate per unit length W/m W/ft 

qs Heat gain rate from sun W/m W/ft 

Qs Total solar and sky radiated heat intensity W/m2 W/ft2 

Qse 
Total solar and sky radiated heat intensity corrected for  
elevation 

W/m2 W/ft2 

R(Tavg) AC resistance of conductor at temperature, Tavg Ω/m Ω/ft 

Ta Ambient air temperature °C °C 

Tavg Average temperature of aluminum strand layers °C °C 

Ts Conductor surface temperature °C °C 

Tcore Conductor core temperature °C °C 

Tf 
Conductor temperature many time constants after step 
increase 

°C °C 

Ti Conductor temperature prior to step increase °C °C 

Tfilm Average temperature of the boundary layer (Ts + Ta)/2 °C °C 

Tlow 
Low average conductor temperature for which ac 
resistance is specified 

°C °C 

Thigh 
High average conductor temperature for which ac 
resistance is specified 

°C °C 

Vw Speed of air stream at conductor  m/s ft/s 

Y Year – – 

Zc Azimuth of sun deg deg 

Zl Azimuth of line deg deg 

∆t Time step used in transient calculation s s 

∆Tc 
Conductor temperature increment corresponding to time 
step 

°C °C 

α  Solar absorptivity (.23 to .91) – – 

δ Solar declination (–23.45 to +23.45) deg deg 

ε Emissivity (.23 to .91) – – 

τ Thermal time constant of the conductor min  min 

ø Angle between wind and axis of conductor deg deg 

β Angle between wind and perpendicular to conduct axis deg deg 

ρf Density of air kg/m3 lb/ft3 

θ Effective angle of incidence of the sun’s rays deg deg 

µf Absolute (dynamic) viscosity of air kg/m-s lb/ft-hr 

ω Hour angle relative to noon, 15*(Time-12), at 11AM, 
Time = 11 and the Hour angle= –15 deg 

deg deg 

χ Solar azimuth variable – – 
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4. Temperature calculation methods 

The Working Group on the Calculation of Bare Overhead Conductor Temperatures and preceding working 
groups have conducted studies of the various methods used in calculating heat transfer and heat balance of 
bare overhead transmission line conductors. Methods that were studied included the following:  

a) House and Tuttle [B24]3 

b) House and Tuttle, as modified by East Central Area Reliability (ECAR) [B34] 

c) Mussen, G. A. [B28] 

d) Pennsylvania-New Jersey-Maryland Interconnection (Davidson et al. [B10] and PJM Task Force 

[B15]) 

e) Schurig and Frick [B30] 

f) Davis [B11] 

g) Morgan [B26] 

h) Black, Bush, Rehberg, and Byrd ([B3], [B4], and [B5]) 

i) Foss, Lin, and Fernandez [B20] 

j) CIGRE Technical Brochure 207 [B9] 

The mathematical models of this standard are based upon the House and Tuttle method as modified by 
ECAR [B34]. The House and Tuttle formulas consider all of the essential factors without the 
simplifications that are made in some of the other formulas.  

To differentiate between laminar and turbulent air flow, the House and Tuttle method [B24] uses two 
different formulas for forced convection; the transition from one to the other is made at a Reynolds number 
of 1000. Because turbulence begins at some wind velocity and reaches its peak at some higher velocity, the 
transition from one curve to another is a curved line, not a discontinuity. The single transition value was 
selected as a convenience in calculating conductor ampacities.  

The single transition value results in a discontinuity in current magnitude when this value is reached. 
Therefore, to avoid this discontinuity that occurs using the House and Tuttle method [B24], ECAR [B34] 
elected to make the change from laminar to turbulent air flow at the point where the curves developed from 
the two formulas [Equations (3a) and (3b)] cross. The formulas for forced convection heat loss have an 
upper limit of application validity of a Reynolds number of 50 000 [B25], which is an order of magnitude 
higher than overhead transmission line conductor’s experience. For additional information on convection 
heat loss, see 4.4.3 of this standard.  

The primary application of this standard is anticipated to be the calculation of steady-state and transient 
thermal ratings and conductor temperatures under constant weather conditions. Given the widespread 
availability of desktop personal computers, the calculation method specified avoids certain simplifications 
that might be advisable where the speed or complexity of calculations is important.  

In Davis [B11], the heat balance equation is expressed as a bi-quadratic equation that can be solved to give 
the conductor temperature directly. In Black and Rehberg [B5] and Wong, et al. [B35], the radiation term is 
linearized and the resulting approximate linearized heat balance equation is solved using standard methods 
of linear differential equations. In Foss [B20], a somewhat more precise linearized radiation term is used to 
reduce the number of iterations required. These methods are computationally faster than the iterative 
method described in this standard; however, the algebraic expressions are more complex.  

                                                 
3 Numbers in brackets correspond to those of the bibliography in Annex I. 
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Conductor temperatures are a function of: 

a) Conductor material properties (primarily electrical conductivity) 

b) Conductor diameter  

c) Conductor surface condition (primarily emissivity and absorptivity) 

d) Weather conditions (air temperature, solar heating, wind speed and direction) 

e) Conductor electrical current 

The first two of these properties are specific physical properties that usually remain constant over the life of 
the line. The conductor surface condition will change over time as the outermost layer of strands darkens 
due to particulate precipitation in an energized line. Weather conditions vary greatly with the hour and 
season. The fifth, conductor electrical current, varies with power system loading, generation dispatch, and 
other factors. 

This standard acknowledges that bare stranded overhead conductors may not be isothermal under very high 
current densities even in the steady-state. A method of calculating radial temperature differences is 
included and axial temperature variation is discussed. 

The equations relating electrical current to conductor temperature may be used to: 

 Calculate the conductor temperature when the electrical current is known. 

 Calculate the current (thermal rating) that yields a given maximum allowable conductor 

temperature. 

The numerical thermal model presented in this standard is very general. It may be applied as follows: 

a) The “Steady-State Case” where the electrical current, conductor temperature, and weather 
conditions are assumed constant for all time. 

b) The “Transient Case” where the weather conditions are held constant but the electrical current 
undergoes a step change from an initial to a final value and the conductor temperature increases or 
decreases in a “nearly” exponential fashion from an initial temperature until it eventually reaches a 
new final temperature. 

c) The “Dynamic Case” where the conductor temperature is calculated for an electrical current and 
weather conditions which vary over time in any fashion. 

This standard includes a complete description of the generally applicable numerical mathematical method 
and indicates sources of the values to be used in the calculation of “steady-state” and “transient” conductor 
temperatures and conductor thermal ratings. However, because there is a great diversity of weather 
conditions and operating circumstances for which conductor temperatures and/or thermal ratings must be 
calculated, this standard does not undertake to list actual temperature-current relationships for specific 
conductors or weather conditions. Each user must make their own assessment of which weather data and 
conductor characteristics best pertain to their area or particular transmission line. CIGRE Technical 
Brochure 299, “Guide for Selection of Weather Parameters for Bare Overhead Conductor Ratings” [B8], 
provides excellent guidance in selecting weather data for use in line rating calculations. 
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4.1 Steady-state case 

4.1.1 Steady-state thermal rating 

For a bare stranded conductor, if the conductor’s surface temperature (TS) and the steady state weather 
parameters (Vw, Ta, etc.) are known, the heat losses due to convection and radiation (qc and qr), the solar 
heat gain (qs), and the conductor resistance R(Tavg) can be calculated by the formulas of 4.4. The 
corresponding conductor current (I) that produced this conductor temperature under these weather 
conditions can be found from the steady-state heat balance [Equation (1b) of 4.4.1]. While this calculation 
can be done for any conductor temperature and any weather conditions for which the heat transfer models 
are adequate, a maximum allowable conductor temperature (e.g., 95 °C) and “conservative” weather 
conditions (e.g., 0.6 m/s perpendicular wind speed, full sun, and 40 °C summer air temperature) are often 
used to calculate a steady-state thermal rating for the conductor. 

[B8] suggests both default values for weather parameters and a procedure that can be followed in order to 
derive suitably conservative values for wind speed, air temperature, and solar heating. 

4.1.2 Steady-state conductor temperature for a given current and ambient temperature 

Heat transfer terms and conductor resistance are a function of conductor temperature while solar heat input 
to the conductor is not. If the conductor temperature is to be calculated rather than specified (as in 4.1.1), 
then the heat balance equation [Equation (1b) of 4.4.1] must be solved for conductor temperature in terms 
of the current and weather variables by a process of numerical iteration (i.e., estimating a conductor 
temperature and solving for the current), even if the conductor is assumed to be in steady-state. 

The use of a numerical solution method, as described in this standard, avoids the need to make complex 
and time consuming approximations necessary to linearize the radiation and convection heat loss rates. 
Using suitable steady-state weather conditions, the calculation process is straightforward: 

a) The solar heat input to the conductor is calculated (it is independent of conductor temperature). 

b) A trial conductor temperature is assumed.  

c) The conductor resistance is calculated for the trial temperature. 

d) In combination with the assumed weather conditions, the convection and radiation heat loss terms 

are calculated.  

e) The conductor current is calculated by means of the heat balance in Equation (1b) of 4.4.1.  

f) The calculated current is compared to the trial conductor current.  

g) The trial conductor temperature is then increased or decreased until the calculated current equals 

the trial current within a user-specified tolerance. 

The numerical method listed in Annex A to this standard utilizes a very powerful numerical tool (the 
“RTMI MUELLER-S ITERATION METHOD”) which consistently produces numerical convergence. 
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4.2 Transient calculations 

4.2.1 Transient conductor temperature 

The temperature of a bare overhead transmission line conductor is constantly changing in response to 
changes in electrical current and weather conditions (Ta, Qs, Vw, φ). In the transient calculations described 
in this section, however, weather parameters are assumed to remain constant; and any change in electrical 
current is limited to a step change from an initial current, Ii, to a final current, If, at a time designated “t = 0” 
as illustrated in Figure 1. 
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Figure 1 — “Step” change in conductor current and corresponding change in conductor 

temperature 
 

Immediately prior to the current step change (t = 0–), the conductor is assumed to be in thermal 
equilibrium. That is, the sum of heat generation by Joule heating, If

2R (Tavg), and solar heating equals the 
heat loss by convection and radiation.  

Immediately after the current step change (t = 0+), the conductor temperature is unchanged (as are the 
conductor resistance and the heat loss rate due to convection and radiation), but the rate of heat generation 
due to Joule heating, now If

2R (Tavg), has increased. As a result of this thermal unbalance at time t = 0+, the 
heat, which cannot be immediately convected or radiated away, goes into conductor heat storage and the 
conductor temperature begins to increase at a rate given by the non-steady-state heat balance Equation (2b) 
in 4.4.2.  
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