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RATIONALE

The revision of this document aligns numerical values in accordance with formulae in 3.4.1.1 and updates formulae and
numerical examples accordingly in Sections 4 and 5.
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2. REFERENCES

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. Nothing
in this document, however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

2.1 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.

AS29606A Wire, Electrical, Stranded, Uninsulated Copper, Copper Alloy, or Aluminum, or Thermocouple
Extension, General Specification for

A850881 ‘VAV,;I ;I Y I"\\UI UopaltT ‘vlch;ulc

2.2 ASTM Publication

[

Available from ASTM |nternational, 100 Barr Harbor Drive, P.O. Box C700, West<€onshohagcken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM B193 Standard Test Method for Resistivity of Electrical Condu¢tor Materials
2.3 EIA Publications

Available from Electrgnic Component Association (ECA), 25000Wilson Boulevard, Arlington, VA 22201-3834,
Tel: 703-907-7500, www.eia.org.

EIA Standard RS-21 Method for Calculation of Current Rating on Hookup Wire, November 1958.
2.4 FAA Publications

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

FAA, AC 43.13-1B FAA, AC_43.13-AB-w-chg1_Adv_Circ Aircraft_Electrical _Systems_Chapt. 11
2.5 U.S. Government|Publications

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

DOD, MIL-STD-7080 |Selection and Installation of Aircraft Electric Equipment Section 4.9

DOD, MIL-W-5088L Aerospace Vehicle Wiring Specification

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

2.6 Other Publications

Exner, D. W., and Singer Jr., G. H. “Impendance Data for 400-Cycle Aircraft Distribution Systems,” AIEE Journal, Jan. 1953.
Dwight, H. G. Chapter 8, First Printing in “Electrical Elements of Power Transmission Lines,” 1954.

Fink, D. G., and Beaty, H. W. “Standard Handbook for Electrical Engineers, Eleventh Edition,” 1978.

Schach, M., and Kidwell Jr., R. E. “Continuous Current and Temperature Rise in Bundled Cables for Aircraft,” AIEE Journal,
Jan. 1953.
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Stevenson Jr., W. D. Chapter 4 in “Elements of Power System Analysis, Second Edition,” 1962.

Woodruff, L. F. Chapter 2, Item 18 in “Principles of Electric Power Transmission, Second Edition,” 1938.

2.7 Abbreviations
ASTM
AWG

IACS

SI

2.8 Definitions
AIRCRAFT: An airplang
AIRPLANE: Any heavie
BRANCH: A section of |

BUNDLE: Any number
the aircraft.

CHAFING: Repeated r¢
structure or equipment,
failure during the aerosy

COMPONENT: A comg
aircraft. Type-certificatig
certificate, supplementa
by the relevant civil avig
inverters, converters, dri
and others.

CONNECTOR PLUG: T
CONNECTOR RECEPT
ELECTRICAL CABLE:

more insulated conductq
covering shield or outer

American Society for Testing and Materials
American Wire Gauge
International Association of Classification Societies

International System of Units

. helicopter, or lighter-than-air vehicle.
-than-air vehicle that is supported for flight by the dynamic action-of air on

vire harness that divides off and extends to a point of termination.

lative motion between wiring system compeneénts, or between a wiring
which results in a rubbing action that causes-wear which will likely result in
ace vehicles specified service life.

onent is an aircraft article made ap of parts and approved for installatig
n is awarded when applicable . design data that has been granted an app

type certificate, technical standard order authorization, parts manufacturer
tion authority. Examples of components are motors, gearing assemblies,

he connector centaining the coupling ring or active retention device of the
ACLE: Thieyconnector containing the static retention device of the mating |

'wo. o more insulated conductors, solid or stranded, contained in a com
rs:twisted or molded together without common covering, or one insulated ¢

its surfaces.

bf wire harnesses groups or branches routed and sUpported together along some distance within

system component and
mechanical or electrical

n on a type-certificated
roval (for example, type
approval, or equivalent)
generators, alternators,

ves, controls, switches, fuses, buses, distribution units, wire harnesses, batfteries, solenoids, relays,

mating pair.
bair.

mon covering, or two or
onductor with a metallic

cobdHetar
COTTOTCtoT

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 fabri

cating and installing these items in the vehicle.

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.
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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 mits penetration of fluid

erunt and cause-additional hazard to the-aircraft This structural nanel ne
Fpt-ahRa-cadseaaaiioRat-RataratothealciaH—HHS-StHuGtbHapat Pe

Tt

carrying lines (fuel and
or fittings. The firewall
backside ignition for the
and the structural panel

GROUP: A “wire group’
the structure of a bundlg
circuit or routed to a sin

HARNESS: An assemb
designed and fabricated
harness.

HIGH DENSITY HARNH
specified for protected W

OPEN HARNESS: An a

PROTECTED HARNES
mechanical protection f
of an overbraid, tape wr

WIRE: A single metallic
but not having a metalli

WIRING: (see Electrical
be interpreted as EWIS|

hydraulics), ducts, electrical power, and control cables or rods using suitalb
and the attached components or fittings shall withstand flame pengtrati
required test time (15 minutes). The backside temperature should not e
should have fireproof insulating material installed to limit the backside tem

is several wires and/or electrical or optical cables and theinh terminations
or harness. Groups normally contain wires and/or electrical or optical cab
jle item of equipment.
y of any number of wires, electrical or optical cables, and/or groups and th
to allow for installation and removal as a unit>A harness may be an oper
ESS: A protected harness designed to.save weight and space which has
ire applications.
5sembly of wires and/or electrical or optical cables that does not include a p
S: A harness that employs some overall outer covering to provide additiona
br the wires and/or electrical or optical cables contained within. The added

ap, conduit, or some other form of protection.

conductor of'selid, stranded, or tinsel construction, designed to carry curr
covering,-sheath, or shield. For this guidebook, “wire” refers to “insulated

Wiring Jnterconnect System - EWIS) The term “wiring” wherever used thr

le fireproof components
bn and shall not exhibit
xceed 450 °F maximum
perature.

secured together within
es pertaining to a single

eir terminations which is
harness or a protected

a majority of wire types

rotective outer covering.
| electromagnetic and/or
| protection may consist
ent in an electric circuit,

electric conductor.”

bughout this report shall

WIRING DEVICES: The necessary parts and materials which 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 b

3. WIRE SELECTION

een broken and then repaired is still considered to be one wire segment.

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 the 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 on selecting wire sizes for power feeder applications.
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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 non-critical loads.

Wire selection must consider physical and environmental factors to size wires such that they have sufficient mechanical
strength, they do not exceed allowable voltage drop levels, are protected by materials and circuit protection devices, and
they 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 Ionger wires have increased reS|stance so larger wire sizes may be required. The

ability of a wire to reject
in a bundle or harness
addressed.

Wire selection may follo
the design and environt]
guidelines captured in 1
basic calculations presq
evaluated to ensure acq
values compared to calq

Wire selection involves

coined “ampacity”) and maximum acceptable voltage drop in the load\Circuits between the bus and

ground. Simply, the wirg
and by the tolerable, all

3.1

3.1.1  American Wire
Two examples are givel
provide some quick es
example calculations an
is a simple mathematicd
Beaty.

Equation 1 is a good ap

Background Information

jo not reJect heat as eff|C|entIy In this report the effect of heat conductio

v a straightforward approach; however, it is also important to undérstand th
nental constraints that factor into wire selection and sizing. dThere are fun
umerous references listed, which should be consulted, that) provide speq
nted are simplified to illustrate the process, more precise calculations m
urate assessments. Also rules of thumb or table logksups in most cases r
ulated values, and calculation methodologies also:differ, so pick the “best’

bither calculating or using table look-ups to determine the allowable curren

bwable voltage drop.

[Sauge (AWG) Sizing Calculations

below for calculating-a'wire diameter and circular mil values for a given si
imating calculations that are used in several popular publications, whig
d are not to be used in the selection of wire in aerospace applications. Th
| law, details.ef-which, can be found in the Standard Handbook for Electrica

broximation for determining the wire diameter (WireDia_inch), in inches, bz

I/I/irpr)in_inf‘h(nu/g) = 3249 x p—:116xawg

size of a wire is defined by the wire construction and insulation temperature

path to reject heat; wires
in axial direction is not

e variables involved and
damental principles and
ific requirements. While
ust be investigated and
esult in under-estimated
one for the application.

t carrying capacity (also
he utilization equipment
limits, the load current,

ze wire. These formulas
h are only provided as
e wire sizing convention
| Engineers by Fink and

sed on its wire size.

(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 the equation below, 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.

AWG2Cmil = [5 * (92(36-awg)/39))2

(Eq. 2)
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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. Here is one of those
“rule of thumb” calculations found on several popular websites. The rule determines 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.

10°+Diam?

Iamps(Diam) = 700 amp

(Ea.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.

The equation above wag employed to compare the results using two different cross-sectional areg values, 700 cmil/A and
500 cmil/A. The results|below demonstrate that the equation is inappropriate to be appliediinjar) aerospace application,
when comparing it to the¢ data in Table 1 of AS50881 at 105 °C.

Table 1 - Current carrying capacity comparison in amperes

Data from AS50881, Table 1| Using 700 Using 500
AWG Amps at 105 °C cmil/A 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 informatipn was taken from the ASTM B4193 publication. These values are typidally used in calculating
resistance value for a wire. Exercise care in selecting thecorrect values when working with various|wire types in aerospace
applications.
e 100% IACS Copper|at 20 °C

o Approximate density, & = 8.89 g/em®

o Temperature cqgefficient of-resistance, a = 0.00393

e Silver Coated Copp

19

r

o Class B densityl 5= 8 93 g/cm?®

o Temperature coefficient of resistance, a = 0.00393
¢ Nickel Coated Copper

o Class 2 density, & = 8.89 g/cm?®

o Temperature Coefficient of resistance, a = 0.00395
e  Aluminum 1350 61.0% IACS

o Approximate density, 5 = 2.705 g/cm3

o Temperature coefficient of resistance, a = 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 (p) is an intrinsic property that quantifies how strongly a given material opposes the flow of electric

current.

Electrical conductivity (o) 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 Sl to English units.

3.2 Resistance Calcu

Below are two equatio
resistance (Rdc) of a giV
then can be used as an

Equation 4 calculates D
always use this equatio
conductivity o, it is typi
adjusted for a higher or
value for a given wire le

As noted in FAA AC 43.
is generally considered
current return path has

£ = ]
ativlio LLAAITIYIT O

s for calculating DC resistance. Equation 4, the most commonlyisused
en length of wire. Take note, that the equation from 3.1.1 calculates'the dig
input to calculate the value of area for a wire. Remember to pay.attention

Length
Rdc = g

Area(awg)*o

C resistance and compensates for increased temperature in the conductg
n to calculate DC resistance of the wire rather than the first equation state
cally given at a laboratory temperature of 202C, but this should always

lower temperature. This will provide an aecurate value for calculating, fo
hgth.

Length
Rdc = 9

= reatang)s [1+ (Temp — 20) * a]

13-1B Chapter 11, Section-5,-11-66: the resistance of the current return p3
hegligible, based on the assumption that adequate bonding to the structur|
been incorporated that is capable of carrying the required current with

, will calculate the DC
meter of the wire, which
o the units.

(Eq. 4)

r. It is recommended to
i above. With conductor
be verified before being
r instance, voltage drop

(Eq. 5)

th through the structure
e or a dedicated electric
negligible voltage drop.

However, it should always be considered ifthe current return path and the grounding network ¢f the aircraft should be

incorporated in the resig
Resistance calculations

3.3 AS50881 Wire S¢g

tance calculation(

for AC currént'can be found in 4.2.

lection Procedure

This is a brief outline of

the)process for selecting a wire gauge based on a set of design requirem

ents, environmental and

installation constraints.

Wire selection in AS508

81 follows the following process:

Wire ampacity (current carrying capacity) value calculation
Bundle de-rating factor

Altitude de-rating factor
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Assumed factors taken into account in this process:
o Heat-storage capacity of the wire and bundle

e Heat-storage capacity of the wire insulation

o Altitude, reduced convective air density

3.3.1  Wire Ampacity Curves

The figure below is one of two diagrams from the AS50881 standard showing ampacity curves for a given set of wire sizes.
The ampacity values are based on a single copper wire in free air. For aluminum conductors, the prescribed de-rating value

of 20% is found in AS50881.

300 - — - - ot 1T T
WIRE SIZE_26 b t2e EEtparttr 20 thHH oty 6 HHEF1L 4 H T 2 1
T L 11
,l 1§ H "
7 i
200 rd 1]
a I 1T
= Il 7 7
£d 7 |
2 a 1 / /1'
mY /
R s :
wx SESS1
HE 8o ES=5 T i
is :
a7 70 - 7
qg 60 — 3 H
25 HHH = : j
9; 50 i HH
E: =
? a0 it = = =
20 i =52 : =
!1{-1[[ E
4 s & 7 8 910 20 a0 40 50 60 70 80 EOIBT
CURRENT AMPERES
A\ e 08 OF THIS WIRe sizE REQUIRES PROCURING ACTIVITY APPROVAL.
A\ wdr 10 BE USED AS SINGLE wise
Figure 1 - Wire ampacity graph from AS50881
These graphs can also Ipe found.in the U.S. military standards MIL-W-5088. These values have nof changed in 60 years or
more. M. Schach and R| E. Kidwell was one of several articles published in the 40s and 50s that first captured the data for
a 400 Hz application.

The MIL-W-5088 graphs did not appear until Rev. F in 1976; previously they had a generic current limit by wire for single
free air wire and 15 wires in a bundle operating at 20% loading. MIL-W-5088L, dated 9 December 1992, is inactive for new
aircraft designs and is no longer used except for replacement purposes. Future designs should refer to AS50881.

3.3.2 Wire Ampacity Database

The single copper wire ampacity values for each wire size within Figure 1 (Figure 3 of AS50881) are provided in AS50881
Table 3. The equations within Table 3 of AS50881 provides several other useful calculations that can be incorporated into
algorithms that can assist in investigating different wire sizing solutions for a particular electrical system application.
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3.4 De-Rating Factors

Two types of wire ampacity de-rating factors are found in AS50881, which offers an expedited means in the selection of a
wire size(s) for a single/group of wires based on ambient temperature, altitude, wire temperature rating and the percent
number of power wires in a bundle. Since aircraft cables are commonly grouped together, a method for determining
individual current limits for each size needed ensuring that a proper ampacity limits are not exceeded. This procedure
ensures the hottest conductor will not exceed a predetermined temperature limit.

De-rating factors increase the ampacity margins based on temperature rating compensation without performing elaborate
modeling calculations.

The next two de-rating methodologies are from the procedure outlined in AS50881. The purposes of these de-rating factors
are to consider the composition of the wire (bundle) and installation environment in the vehicle. Both de-rating factors
consider the current carrying capacity for a given wire size and thermal considerations based on the number of heat sources
and thermal dissipation gttributes-

3.4.1  Bundle De-Rating Factor

The bundle de-rating fagtor from AS50881 is shown in Figure 2. An example curve-fit equation has bgen provided to estimate
the bundled de-rating factor values for selecting a wire size based on the number of wires in the byindle (NoWire) and total
bundle loading percent yalue of power wires divided by the total number of wires,inthe bundle (PefWire).

Also provided are two results comparing the values from Figure 2 with the €quation given below] You will notice that the
calculated values are nqt precise in both cases, but from further analysis ef.the process, one can determine the error does
not contribute largely toja significant error, with all other factors taken into.account, for selecting a gorrect wire size, except
for a case where wire sglection is reaching 100% utilization value.

Equation 5 is the bundlq de-rating factor curve-fit equation based'on a total bundle loading percentage value between 40%
and 100%.

BundleFact = (—.15 * Lh(Perwire) + .0259vVPerwire + .2100) * Ln(NoWire) + 1.073 — 8.862 = 10["* * Perwire (Eq. 6)

o
=
=
X
z
-4 O 9, II \ \
= AT
m '.\‘X\ ’
z NE
= 0.5 -\
] i
3 \
4 0.7 ] T Total Bundle
E \ I Loadng, Percen
(=)
=
m 0.6 ==
o T
- s .
-i- 0.5 N = = = H =L
= I
] \\\_\"‘“ 0 S
= 0.4 = =t a0 -
c = . ™=
= Pl ] L] o
& S —
£ 03 e EEE
[ = — o
—+—1
02 !
1 5 - 13 17 21 25 29 33 37 41 45

NUMBER OF WIRES IN A BUNDLE

Figure 2 - Bundle de-rating factor graph
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3.4.1.1 Sample comp

3.4.2 Altitude De-Rati

arison calculation results between Figure 2 and the equation above.

From Figure 2, 3 wires at 100% bundle loading = 0.735
Calculated value, 3 wires at 100% bundle loading = 0.741
From Figure 2, 3 wires at 80% bundle loading = 0.778

Calculated value, 3 wires at 80% bundle loading = 0.765

ng Factor

The altitude de-rating curve from AS50881 is shown in Figure 3. An example curve-fit equation has been provided to

estimate the altitude de-

rating factor values for selecting a wire size.

Also provided are two cd
values are more precise
influence of the altitude
cases where the selecti

The following is an exarf
in units of 1000 feet.

Here is the same equati

mparative results from Figure 3 and the example equation below. You will-
than the bundle de-rating factor, but from further inspection of this process
de-rating factor does not contribute largely in the selecting of the-correct
bn has reached 100% loading capability of the bundle.

nple curve-fit equation for altitude de-rating factor based.on‘the Figure 3. 1

AltFact(kft) = —.25 = Ln(kft + 46.94) + 1.959
on, but the input variable is in kilometer (km):

AltFact(km) = —.25 x Ln(km + 14.307) + 1.662

0.9

=
]

[
-

=~
@

otice that the calculated
, one can determine the
wire size except for the

'he input variable (kft) is

(Eq.7)

(Eq. 8)

HOLWN L ONILYHIA LNTHNND

0.4

30 40 50 B0

ALTITUDE (x1000 FEET)

70 80 90 100

Figure 3 - Altitude de-rating graph from AS50881
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3.4.2.1 Sample comparison calculation results between Figure 3 and the equation above.
e Figure 3 altitude 10000 feet value = 0.949

e  Curve-fit equation for Alt (10000 feet) = 0.949

e Figure 3 altitude 50000 feet value = 0.820

e  Curve-fit equation for Alt (50000 feet) = 0.815

3.5 AS50881 Table 1 Comparisons

The data presented in Table 2 below compares values listed from Table 1 in AS50881, to calculated current values using
the equations from 3.4.1 and 3.4.2 using the assumption described in footnote 2 from Table 1 in AS50881.

Table 2 - Calculated data comparison with listed wire ratings from AS5088% [Table 1

AS50881 Wire Group,
AWG Current Rating Calculated (Amps)
20 7 81
10 26 29
1/0 192 195.3
AS50881 Wire in Free Air,
AWG 105 °C Rated Wire Calculated (Amps)
20 11 11.0
10 41 40.1
1/0 210 206.2

3.6 AS50881 Table 1|Comparison Example

Figure 4 is a comparison of calculated amp values’ for each wire size, shown as a red bar, compared to the data from
AS50881 Table 1, using footnote 2 (current rating for wire in this table are based on 33 or more wires for sizes 26 through
10, and 9 wires for size|8 and larger, operating at 60000 feet altitude and ambient temperature of (70 °C and with no more
that 20% of harness qurrent capacity Used), as the blue triangle, see Table 3. The red bar|indicates the range of
current-carrying capacity in amps for a'given wire size based on notes 1 and 2 from the conductor [material column labeled
150 °C in AS50881 Table 1.

Wire current rating graph

24
22— EOO T T T
20 O T
5]
=
<
5 18 sz " zezonsas]
i
£
16 [# mansans]
14 g
12
0 2 4 5] 8 10 12 14 16

Amps

Figure 4 - Wire size calculation results
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Table 3 - Extracted data from Table 1 in AS50881 (blue triangle in Figure 4)

AS50881 Table 1,
AWG Amps at 150 °C
22
20
18 9
16 11
14 14

4. ADDITIONAL EQUATIONS FOR SIZING WIRES

The following paragrapH
wire gauge in AS50881
The next three equation

4.1 Bundle Temperat

To better estimate a voltage drop value correctly, an accurate wire temperature cdlculation is requir

Figure 3 of AS5088 car
Based on more accurat
Figure 1, is about 10% |

For this report, the exi
application. By using an
environmental condition

Example equations:

The values for the two
equations calculate the
temperature). Equation

From AS50881 Table 3,

s in this section are a set of equations that are not specifically called out.i
standards. Equation 8 is found in AS50881, but it is not directly mentiongdhir
5 in 4.2 are only used to select a wire size in an AC circuit application:

ire Estimate

provide a reasonable temperature value to estimate@'good DC resistan
b thermal calculation, the calculated temperature value presented here, us
bwer than actual temperature results, based on a utilization factor (4.3) of
5ting information will be used to demonstrate-'the process for selecting

accurate temperature calculation, it will provide the smallest wire size se
S.

ConnectLoad

NewLoadamps = -
BundleFactorxAltitudeFactor

TempC = 10" (SlopeWire * Log(NewLoadamps) — InterceptWire)
ariables in Equation 9, SlopeWire and Interceptwire, can be found in Tabls
ampacity value*for a selected wire size given the temperature of the wire

D calculates,the temperature of the wire based on the corrected load in am

equation for a #4 size wire is:

h the process of sizing a
the wire sizing process.

bd. The information from
ce compensation factor.
ing the information from
ess than 65%.

a wire size for a given
ection for a given set of

(Eq. 9)
(Eq. 10)
> 3 of AS50881. Table 3

(Wire rating — Ambient
peres (NewLoadamps).

=~ Tng(/\’r\J_’) 515
x=10 ( 1.983

(Eq. 11)

The SlopeWire is equal to 1.983 and the Interceptwire is equal to 2.515. These values are also shown in Table 4 of this

document.

References similar to M. Schach and R. E. Kidwell, Jr. and EIA Standard RS-214 will provide information on factors that
influence temperature increases in a group of wires in a bundle.

4.2 AC Resistance Correction Factor

Uniform distribution of current throughout a cross-section in a wire exists only for applications in a direct current (DC) circuit.
In alternating current applications (AC), with increasing frequency levels, the current migrates to the outer edge of the
conductor, producing a non-uniform current density distribution. This phenomenon is called skin effect. Refer to the
reference by H. B. Dwight for detailed information on the formulation of the principle for AC resistance correction factor.
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The application of the AC resistance correction factor, to the DC wire resistance value, accounts for the skin effect due to
higher frequencies above zero. For the purpose of this report, the following equations will calculate an AC resistance
correction factor based on a cylindrical conductor having a uniform magnetic field. When a calculated value of “mr” less
than 1.0, then a minimum value of 1.0 should be applied.

Freq

mr =.01205 * ,
Rdc

Where Rdc is 0/1000 feet (Eq. 12)

The following curve fit equation represents information provide in chapter four of W. D. Stevenson book regarding skin-effect
resistance ratio values; also, this reference has an explanation of the term “mr”. The curve fit equation greatly reduces the
computational complexity of using the original form of the equation of a Bessel function.

Rac(mr) =.019 xmr3 —.0235 * mr? +.0120 * mr + .9998 (Eq. 13)

This equation is acceptdble Tor application below T kHz and will usually affect wire gauge sizes larger than a size #2.
4.2.1 AC Inductance Equation

For the purpose of this report, the AC inductance calculation will be based on a three-phase tight laced group.

Xac = .000383 * freq * Ln(w%) (Eq. 14)

where:

Xac is in ohm/ft

Freq = frequency in|Hz

K = factor based on|the number of strands in a wire

For a 1/0 wire, K =0.449

Cmil = value of Cmils in the wire, for 1/O itis 106000
For further information gn this topic, referto-B. W. Exner and G. H. Singer Jr., reference on calculations of AC inductance.
For detailed information|regarding the calculating of the variable “k” refer to the L. F. Woodruff refefence item. The variable
“k” is part of a calculation to determine the self-inductance factor based on geometric mean distance (GMD) of each

individual strand of wire|from each ather in the conductor.

4.3 Utilizations Factol

The utilization factor Sp:uiﬂcb apercentage ofcurrent capacity for bUiUbtillg awire size—Theusage of this factor, by the
electrical design engineer, aids in understanding the remaining current carrying capacity margin that exists for a given wire
size selection. The following is the utilization factor equation:

7. . _ AMProad*100
PercentUtilization = log(wireRating—AmbientTemp)—Intercept (Eq 15)

10 Slope

The values for “wireRating,” “Intercept,” and “Slope” are wire attributes based on the selected wire size. The input information
for “AmbientTemp” should be a value of the highest expected continuous temperature that the wire will sustain. “BundleFact”
and “AltFact” are calculating using the equation from 3.4.1 and 3.4.2, respectively.
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5. WIRE SELECTION EXAMPLE CASES

5.1 Wire Length Calculations

An overlooked and unappreciated attribute for correctly determining a wire size is the estimated value for wire length.
Knowledge of the wire routing in an aerospace vehicle can help avoid costly rework issues later in the development cycle
of an aerospace vehicle. Looking at the wire installation routing and knowing the highest ambient temperature condition will
influence the correct selection of wire. The routing of a wire may span multiple compartments and environmental conditions.
Knowledge of the installation guidelines for the routing of a wire will ensure a correct selection of a wire size.

Things to remember:

e Consider to use the actual wire length

e Consider the contoyrofthevehicte
o Remember wirg sometimes goes around other installed equipment
e Figure in the “returnf’ wiring runs if needed, which may double wire length
o Here are some negative outcomes as a result in under estimating wire run lengths:
o Under sizing the required wire gauge size to meet a specific voltage‘drop limitation and cufrent carrying capacity
o Under estimating the wire weight
o Utilizing incorreg¢t heat loss values
5.2  Wire Selection fona DC Load
The following is an example workflow process for selegting a wire size for a DC load application. The first two points of the
process are based on AS50881. The last four points.are the calculations necessary to validate that a wire size selection
meets the desired design requirements.
Workflow process:
e Calculate the load in amperes, carrected for bundle and altitude de-rating factors

e Select wire size based on the\difference of the wire rating — ambient temperature

o Estimate the tempefatufe-of the wire for a given load and multiply a correction factor

e Calculate the resistance of wire for a given length

e Calculate the voltage drop

Calculate the percent utilization
5.3 Wire Selection for a DC Load Example

This section will present a practical example for selecting a wire size for a DC power feeder application. The input design
requirements are as follows:

e Two-wire feeder distribution
e 200Aload

e 35 °C ambient temperature


https://saenorm.com/api/?name=1574a0420bbea4ab04af3e1979efe0d9

SAE INTERNATIONAL AIR6540™B Page 15 of 22

e 12000 feet altitude

e 50 feet wire length

e 260 °C wire rating

e Max voltage drop of 5.0 V

Following the work flow process in 5.2, the first thing to calculate is the corrected current carrying value using bundle and
altitude de-rating factors, which will provide the x-axis value, which will be used to find the intersection points in Figure 5.

NewLoadamps is an example equation for this case. The value of 0.831 is the bundle de-rating factor, calculated from the
equation in 3.4.1 and the value of 0.94 is the altitude de-rating factor, calculated from the equation from 3.4.2.

200 A

NewLoadamps = = 256.2 A (X — axis) (Eq. 16)
U.65 IxU. 9%
Next, the y-axis value is|determined by subtracting the wire rated temperature from the design:ambient temperature.
DeltaTemperature = WireRating — AmbientTemperature = 2252C (Y — ajis) (Eq. 17)
Using the graph from A$50881, the right-hand side shows the intersection of the,x and y values tq determine the wire size
selection. The wire selegtion is always to the right of the x-y intersection. Here AtWwould be a 4 AW[G shown in Figure 5.
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Figure 5 - DC x-y intersection example

The following equations illustrate the calculations used by the electrical power design engineer to validate the selected wire
size from the AS50881 process that meet the desired input design parameters in 5.3.
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The following values are calculated: bundle temperature estimate, wire resistance, voltage drop and percent utilization

values.

TempC = 10"(1.983 * Log(256.2) — 2.515) = 182.4 °C

2475 Q
1000 *ft.

Wresis = * 50 ft.x (1 +.00393 % (182.4 — 20)) = .0225Q

Vdrop =.02250 %2004 =45V

PercentUtilization = 70%

(Eq. 18)
(Eq. 19)

(Eq. 20)

(Eq. 21)

You will notice that the calculated voltage drop is very close to the design limit; it may be prudent for the design engineer to
select the next larger size of wire to provide margin. It is important to note here that understanding and validating the design

assumptions drives the—correct—wire—size—setection—Fhe—assumption—of—the—wire—tength—vatye is usually the most

underestimated value of
5.4  Wire Selection for
The following workflow

the process for selecting

the wire size to determir

Workflow process:

the input design requirements.
an AC Voltage
brocedure details the steps to size a wire for an AC load application. The {

a wire size based on AS50881. The next six bullet points.are’the calculatio)
e if it meets the desired design requirements.

e Calculate the load ip amperes, corrected for bundle and altitude de‘rating factors

Select wire size bag

o Estimate the tempe
e Calculate the AC re

e Calculate the corred

ed on the difference of the wire rating —ambient temperature
ature of the wire for a given input.load value
Sistance value

ted new resistance based on temperature, AC resistance and wire length

e Calculate the AC ingluctance value

e (Calculated the voltd

e Calculate the perce

ge drop

nt utilization

5.4.1 AC Example Inj

irst two bullet points are
ns necessary to validate

utRequirements

This section will present a practical example for selecting a wire size for an AC power feeder application. The input design
requirements are as follows:

o Three-phase, four wire feeder distribution

115 VAC (Vref), 400 Hz (freq), 0.95 power factor (pf)

e 350 ampere load (la)

e 55 °C ambient temperature

e 55000 feet altitude

e 75 feet wire length
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e 260 °C wire rating
e Max voltage drop of 4.5V

Based on the workflow procedure, the first thing to calculate is the corrected current carrying value using the bundle and
altitude de-rating factors, which will provide the x-axis value. “NewLoadamps” is an example equation for this case. The
value of 0.7111 is the bundle de-rating factor for a three-phase wire bundle, calculated from the equations in 3.4.1, and the
value of 0.803 is the altitude de-rating factor for a design altitude of 55000 feet, calculated for the section in 3.4.2.

3504
0.7111 % 0.803

NewLoadamps = =613.3A4 (X — axis) (Eq. 22)

Next, the y-axis value is determined by subtracting the wire rated temperature (260 °C) from the design ambient temperature
(55 °C).

DeltaTemperature = WireRating — AmbientTemperature = 205 °C (¥~{axis) (Eq. 23)

Using the graph from AS50881, the right-hand side shows the intersection of x and y valdes to [determine the wire size
selection. The wire selegtion is always to the right of the x-y intersection. Selecting the gage curve [o the left would result in
an overloaded wire. In this case, the wire selection would be a 3/0 wire size, which, is’highlighteq in red in Figure 6. The
resistance valued for a $/0 wire, for this example, will be 0.071 Q per 1000 feet (Rd¢)
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Figure 6 - AC x-y intersection example
5.4.2 AC Example Calculation

The following equations illustrate calculations used by the electrical design engineer to validate a selected wire to satisfy
the input design requirements from the previous section.
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