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Fundamentals in Wire Selection and Sizing for Aerospace Applications 

RATIONALE 

Equation 28 was missing a wire length value to the equation. 

INTRODUCTION 

The selection of aerospace wire sizes per AS50881 is a straightforward process to complete. For electrical power feeders, 
protection devices, and distribution applications, additional information not found in AS50881, as well as environmental and 
installation constraints information, is required to size correctly a wire(s) to a precise set of design requirements.  

1. SCOPE 

The scope of this report is to capture fundamental principles of selecting a wire size for an aerospace application using the 
method prescribed in AS50881 and additional calculations, not found in AS50881, to ensure the wire selection will 
adequately perform in the specific physical and environmental conditions.  

This report covers wire selection and sizing as part of the electrical wire interconnection systems (EWIS) used in aerospace 
vehicles. Aerospace vehicles include manned and unmanned airplanes, helicopters, lighter-than-air vehicles, missiles, and 
external pods. This document does not apply to wiring inside of airborne electronic equipment but shall apply to wiring 
externally attached to such equipment. 

Wire selection must consider physical and environmental factors to size wires such that they have sufficient mechanical 
strength, do not exceed allowable voltage drop levels, are protected by materials or circuit protection devices, and meet 
circuit current carrying requirements. For electrical power feeders and distribution or EWIS applications, other information 
and environmental and installation limitations are also needed to adequately evaluate and select the correct wire size for a 
specific application and meet design requirements. 

This report presents only fundamental principles and guidelines and cannot adequately cover all aspects and complexities 
associated with wire selection and sizing. Some of the calculations in this report have been simplified to demonstrate the 
process for validating a wire size selection for a design application. More precise calculations should be investigated and 
evaluated to ensure proper assessment of each individual calculation in this report. 
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2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes precedence. 
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been 
obtained. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org. 

AS29606 Wire, Electrical, Stranded, Uninsulated Copper, Copper Alloy, or Aluminum, or Thermocouple Extension, 
General Specification for 

AS50881 Wiring Aerospace Vehicle 

2.1.2 ASTM Publications 

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, 
Tel: 610-832-9585, www.astm.org. 

ASTM B193 Standard Test Method for Resistivity of Electrical Conductor Materials 

2.1.3 ECIA Publications 

Available from Electronic Components Industry Association, 13873 Park Center Road, Suite 315, Herndon, VA 20171, 
Tel: 571-323-0294, www.ecianow.org. 

EIA Standard RS-214 Method for Calculation of Current Ratings on Hookup Wire, November 1958. 

2.1.4 FAA Publications 

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591, 
Tel: 866-835-5322, www.faa.gov. 

AC 43.13-1B Acceptable Methods, Techniques, and Practices - Aircraft Inspection and Repair 

2.1.5 U.S. Government Publications 

Copies of these documents are available online at https://quicksearch.dla.mil.  

MIL-W-5088L Aerospace Vehicle Wiring Specification 

NOTE:  MIL-W-5088L, dated December 9, 1992, is inactive for new design and is no longer used, except for replacement 
purposes. Future designs should refer to AS50881. 

2.1.6 Other Publications 

2.1.6.1 Exner, D.W. and Singer, G.H. (1953). Impedance data for 400-cycle aircraft distribution systems. Transactions of 
the American Institute of Electrical Engineers, Part II: Applications and Industry, 71(6). 
https://doi.org/10.1109/TAI.1953.6371310.  

2.1.6.2 Dwight, H.G. (1954). Electrical Elements of Power Transmission Lines, Chapter 8. Macmillan. 
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2.1.6.3 Fink, D.G. and Beaty, H.W. (1978). Standard Handbook for Electrical Engineers (11th ed.). McGraw Hill. 

2.1.6.4 Schach, M. and Kidwell, R.E. (1953). Continuous current and temperature rise in bundled cables for aircraft. 
Transactions of the American Institute of Electrical Engineers, Part II: Applications and Industry, 71(6). 
https://doi.org/10.1109/TAI.1953.6371304.  

2.1.6.5 Stevenson Jr., W.D. (1962). Elements of Power System Analysis (2nd ed.), Chapter 4. McGraw Hill.  

2.1.6.6 Woodruff, L.F. (1953). Principles of Electric Power Transmission (2nd ed.), Chapter 2, Item 18. John Wiley 
& Sons. 

2.2 Abbreviations 

ASTM American Society for Testing and Materials 

AWG American Wire Gauge 

IACS International Association of Classification Societies 

SI International System of Units 

2.3 Definitions 

AIRCRAFT: An airplane, helicopter, or lighter-than-air vehicle. 

AIRPLANE: Any heavier-than-air vehicle that is supported for flight by the dynamic action of air on its surfaces. 

BRANCH: A section of wire harness that divides off and extends to a point of termination. 

BUNDLE: Any number of wire harness groups or branches routed and supported together along some distance within 
the aircraft. 

CHAFING: Repeated relative motion between wiring system components, or between a wiring system component and 
structure or equipment, that results in a rubbing action that causes wear, which will likely result in mechanical or electrical 
failure during the aerospace vehicle’s specified service life. 

COMPONENT: A component is an aircraft article made up of parts and approved for installation on a type-certificated 
aircraft. Type-certification is awarded when applicable design data has been granted an approval (for example, type 
certificate, supplemental type certificate, technical standard order authorization, parts manufacturer approval, or equivalent) 
by the relevant civil aviation authority. Examples of components are motors, gearing assemblies, generators, alternators, 
inverters, converters, drives, controls, switches, fuses, buses, distribution units, wire harnesses, batteries, solenoids, relays, 
and others. 

CONNECTOR PLUG: The connector containing the coupling ring or active retention device of the mating pair. 

CONNECTOR RECEPTACLE: The connector containing the static retention device of the mating pair. 

ELECTRICAL CABLE: Two or more insulated conductors, solid or stranded, contained in a common covering, or two or 
more insulated conductors twisted or molded together without common covering, or one insulated conductor with a metallic 
covering shield or outer conductor. 

ELECTRICAL WIRING INTERCONNECT SYSTEM (WIRING) - EWIS: Wires, electrical or fiber optical cables, groups, 
harnesses and bundles and their terminations, associated hardware, and support installed in the aircraft. When used as a 
verb, it is the act of fabricating and installing these items in the vehicle. 
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FIBER OPTIC CABLE: A cable designed to transmit light waves between a light transmission source and a receiver. In 
signal applications, the transmitter and receiver include devices that are used to convert between optical and electronic 
pulses. Typical cables include a glass or plastic core, a layer of cladding having a lower refractor index to refract or totally 
reflect light inward at the core/cladding boundary, a buffer, strength members, and jacketing to protect the inner cable from 
environmental damage.  

FIREPROOF: The capability of a material or component to withstand a 2000 °F flame (±150 °F) for 15 minutes minimum 
while still fulfilling its design purpose. Clarification: The term “fireproof,” when applied to a connector, backshell, or accessory 
hardware mounted and secured to a structure used to confine fires within designated fire zones, means that the connector 
system will perform this function (conduct electrical power and prevent flame/heat penetration) under conditions likely to 
occur in such zones and will withstand a 2000 °F flame (±150 °F) for 15 minutes minimum. A connector system consists of 
mated connectors, fully wired, backshells or conduit assemblies, and mounting hardware installed on a structural 
panel (firewall). 

FIRE RESISTANT: The capability of a connector system (as defined in “fireproof”) to perform its intended function in 
designated fire zone areas under heat and other abnormal conditions, as encountered in power plants and auxiliary power 
unit (APU) installations, that are likely to occur at the location or area and to withstand a 2000 °F flame (±150 °F) for 
5 minutes minimum. 

FIREWALL: A structural panel designed to prevent a hazardous quantity of air, fluid, or flame from exiting a designated fire 
zone in which a fire may erupt and cause additional hazard to the aircraft. This structural panel permits penetration of fluid 
carrying lines (fuel and hydraulics), ducts, electrical power, and control cables or rods using suitable fireproof components 
or fittings. The firewall and the attached components or fittings shall withstand flame penetration and shall not exhibit 
backside ignition for the required test time (15 minutes). The backside temperature should not exceed 450 °F maximum, 
and the structural panel should have fireproof insulating material installed to limit the backside temperature. 

GROUP: A “wire group” is several wires and/or electrical or optical cables and their terminations secured together within 
the structure of a bundle or harness. Groups normally contain wires and/or electrical or optical cables pertaining to a single 
circuit or routed to a single item of equipment. 

HARNESS: An assembly of any number of wires, electrical or optical cables, and/or groups and their terminations that is 
designed and fabricated to allow for installation and removal as a unit. A harness may be an open harness or a 
protected harness. 

HIGH DENSITY HARNESS: A protected harness designed to save weight and space that has a majority of wire types 
specified for protected wire applications.  

OPEN HARNESS: An assembly of wires and/or electrical or optical cables that does not include a protective outer covering. 

PROTECTED HARNESS: A harness that employs some overall outer covering to provide additional electromagnetic and/or 
mechanical protection for the wires and/or electrical or optical cables contained within. The added protection may consist 
of an overbraid, tape wrap, conduit, or some other form of protection. 

WIRE: A single metallic conductor of solid, stranded, or tinsel construction designed to carry current in an electric circuit but 
not having a metallic covering, sheath, or shield. For this report, “wire” refers to “insulated electric conductor.” 

WIRING (see Electrical Wiring Interconnect System - EWIS): The term “wiring,” wherever used throughout this report, shall 
be interpreted as EWIS. 

WIRING DEVICES: The necessary parts and materials that are used in the installation of electrical or optical wiring, such 
as terminals, connectors, junction boxes, conduit, clamps, insulation, and supports. 

WIRING SEGMENT: A length of wire that is continuous and unbroken between its two intended points of termination. A 
wire segment that has been broken and then repaired is still considered to be one wire segment. 
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3. WIRE SELECTION PROCEDURE 

This report provides fundamental guidelines to simplify the process for selecting the proper wire size based on the AS50881 
standard, as well as other equations not found in AS50881. It also provides valuable information for the electrical design 
engineer to verify the proper wire selection and validate a set of system design requirements, which includes meeting 
environmental and installation constraints. This report does not make recommendations on insulation system voltage 
ratings. Some practical examples will be provided, and focus will be on selecting wire sizes for power feeder applications. 

Prior to starting the process of wire selection and sizing, all loads must be known not only for steady-state conditions but 
also for transient or dynamic operations, including faulted conditions. This requires calculating and knowing the nature of 
the peak and continuous values of the loads in a circuit, including whether the wires connect to flight critical, mission critical, 
or noncritical loads. 

Wire selection must consider physical and environmental factors to size wires such that they have sufficient mechanical 
strength, do not exceed allowable voltage drop levels, are protected by materials and circuit protection devices, and meet 
circuit current carrying requirements. 

All wire sizes have a maximum continuous current rating; the maximum current of each wire will dictate the size of most 
wires in an aircraft. Current carrying capacity is related to the effects of heat on wire insulation due to the resistance and 
current flow; maximum operating temperatures must not be exceeded. If wire materials had zero resistance, then any size 
wire could carry any amount of current; however, this is not the case. Wire gauge dictates a resistance over the wire length, 
usually expressed in ohms per foot; longer wires have increased resistance, so larger wire sizes may be required. The 
ability of a wire to reject heat is a function of the surface area and the availability of a heat transfer path to reject heat; wires 
in a bundle or harness do not reject heat as efficiently. In this report, the effect of heat conduction in axial direction is 
not addressed. 

Wire selection may follow a straightforward approach; however, it is also important to understand the variables involved and 
the design and environmental constraints that factor into wire selection and sizing. There are fundamental principles and 
guidelines captured in numerous references listed, which should be consulted, that provide specific requirements. While 
basic calculations presented are simplified to illustrate the process, more precise calculations must be investigated and 
evaluated to ensure accurate assessments. Also, rules of thumb or table lookups in most cases result in underestimated 
values compared to calculated values, and calculation methodologies also differ, so pick the “best” one for the application. 

Wire selection involves either calculating or using table lookups to determine the allowable current carrying capacity (also 
coined “ampacity”) and maximum acceptable voltage drop in the load circuits between the bus and the utilization equipment 
ground. Simply, the wire size of a wire is defined by the wire construction and insulation temperature limits, the load current, 
and the tolerable, allowable voltage drop. 

3.1 Background Information 

3.1.1 American Wire Gauge (AWG) Sizing Calculations 

Two examples are given below for calculating a wire diameter and circular mil (cmil) values for a given size wire. These 
formulas provide some quick estimating calculations that are used in several popular publications and are only provided as 
example calculations and are not to be used in the selection of wire in aerospace applications. The wire sizing convention 
is a simple mathematical law, details of which can be found in the Standard Handbook for Electrical Engineers (see 2.1.6.3). 

Equation 1 is a good approximation for determining the wire diameter (WireDia_inch), in inches, based on its wire size.  

 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊_𝑖𝑖𝑖𝑖𝑖𝑖ℎ(𝑎𝑎𝑎𝑎𝑎𝑎) = . 3249 ∗ 𝑒𝑒−.116∗𝑎𝑎𝑎𝑎𝑎𝑎 (Eq. 1) 

For wire sizes larger than #0, use a negative value to represent wire size in these equations; for instance, use -1, -2, and -3 
for 2/0, 3/0, and 4/0 wire sizes, respectively. 

For Equation 2, input the wire size number to calculate the cmils of a given wire size. After further inspection of this 
calculation for this equation, as compared to several M22759 series cmil values, the error amount from this equation should 
provide the evidence to invalidate this equation as an accurate estimating tool. 

 𝐴𝐴𝐴𝐴𝐴𝐴2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  [5 ∗ (92(36−𝑎𝑎𝑎𝑎𝑎𝑎)/39)]2 (Eq. 2) 

Full document details: SAE AIR6540D

http://www.avadocuments.com/doc/sae-air6540d
http://www.avadocuments.com/doc/sae-air6540d


 
SAE INTERNATIONAL AIR6540™D Page 6 of 22 
 
 
3.1.2 Current Carrying Capacity Rule  

Various rules of thumb are representative by a ratio of wire cross-sectional area to current carrying capacity. The current 
carrying capacity values vary considerably. These rules of thumb are influenced by conductor material, constraints peculiar 
to an application (such as ambient temperature range), available cooling, and permissible voltage drop. Equation 3 is one 
of those “rule of thumb” calculations found on several popular websites. The rule determines that the current carrying 
capacity based on the cross-sectional of copper conductor’s area should be a value of 700 “circular mils” per amp or below 
with the parameter Diam in inches. 

 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) =  10
6∗𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷2

700/𝑎𝑎𝑎𝑎𝑎𝑎
 (Eq.3) 

After reviewing several references, some authors suggested different values for the stated “700 cmil per amp” of 500, 300, 
or 200 “circular mils” per amp. 

Equation 3 was employed to compare the results using two different cross-sectional area values, 700 cmil/A and 500 cmil/A. 
Table 1 demonstrates that the equation is inappropriate to be applied in an aerospace application when comparing it to the 
data in Table 1 of AS50881 at 105 °C. 

Table 1 - Current carrying capacity comparison in amperes 

AWG 
Data from AS50881, Table 1 

Amps at 105 °C Using 700 cmil/A Using 500 cmil/A 
20     4         1.46         2.05 
10   17      14.8     20.7 
1/0 128 150 211 

3.1.3 Density and Temperature Coefficient (per Degree Celsius) 

The following information was taken from ASTM B193. These values are typically used in calculating resistance value for a 
wire. Exercise care in selecting the correct values when working with various wire types in aerospace applications. 

• 100% IACS Copper at 20 °C 

o Approximate density, δ = 8.89 g/cm3 

o Temperature coefficient of resistance, α = 0.00393 

• Silver Coated Copper 

o Class B density, δ = 8.93 g/cm3 

o Temperature coefficient of resistance, α = 0.00393 

• Nickel Coated Copper 

o Class 2 density, δ = 8.89 g/cm3 

o Temperature coefficient of resistance, α = 0.00395 

• Aluminum 1350 61.0% IACS 

o Approximate density, δ = 2.705 g/cm3 

o Temperature coefficient of resistance, α = 0.00403 
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3.1.4 Pouillet’s Law 

Pouillet’s law states: The resistance of a given material will increase with the length but decrease with increasing 
cross-sectional area. 

Electrical resistivity (ρ) is an intrinsic property that quantifies how strongly a given material opposes the flow of 
electric current.  

Electrical conductivity (σ), or specific conductance, is the reciprocal of electrical resistivity and measures a material’s ability 
to conduct an electric current. 

Pouillet’s law will show up in different forms when calculating a resistance value for a conductor. Close attention to the use 
of the numerical units should be exercised, especially when converting from SI to English units.  

3.2 Resistance Calculations Examples 

Equations 4 and 5 are two equations for calculating DC resistance. Equation 4, the most commonly used, will calculate the 
DC resistance (Rdc) of a given length of wire.  

NOTE:  Equation 1 calculates the diameter of the wire, which then can be used as an input to calculate the value of area 
for a wire. Remember to pay attention to the units. 

 𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑎𝑎𝑎𝑎𝑎𝑎)∗𝜎𝜎

 (Eq. 4) 

Equation 5 calculates DC resistance and compensates for increased temperature in the conductor. Conductor 
conductivity (σ) is typically given at a laboratory temperature of 20 °C, but this should always be verified before being 
adjusted for a higher or lower temperature. This will provide an accurate value for calculating, for instance, voltage drop 
value for a given wire length. 

 𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑎𝑎𝑎𝑎𝑎𝑎)∗𝜎𝜎

[1 + (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 20) ∗ 𝛼𝛼] (Eq. 5) 

As noted in AC 43.13-1B Chapter 11, Section 5, 11-66: The resistance of the current return path through the structure is 
generally considered negligible, based on the assumption that adequate bonding to the structure or a dedicated electric 
current return path has been incorporated that is capable of carrying the required current with negligible voltage drop.  

Resistance calculations for AC current can be found in 4.2. 

3.3 AS50881 Wire Selection Procedure 

This is a brief outline of the process for selecting a wire gauge based on a set of design requirements and environmental 
and installation constraints. 

Wire selection in AS50881 follows the following process: 

• Wire ampacity (current carrying capacity) value calculation  

• Bundle de-rating factor  

• Altitude de-rating factor 

Assumed factors taken into account in this process include: 

• Heat-storage capacity of the wire and bundle 

• Heat-storage capacity of the wire insulation 

• Altitude, reduced convective air density 
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