
2.0 THE FUNDAMENTALS OF 
CALCULATING 

CURRENT CARRYING CAPACITY 

Ampacity calculations form the heart of transmission and distribution cable system 
dLsign. Accepted calculation methods have existed for many decades. The classic 
!\ ~her-McGrath method was published in 1957 which is the predominant method used 
in U.S. for calculating ampacities. Likewise the international standard, IEC 287 is the 
pr<!dominant method used internationally. IEC 287 covers medium-voltage and high
\'l.. ltage cables, many different constructions, and many installation types. Both 
ml!thods are employed through the application of thermal equivalents of Ohm's and 
Ktrchoffs Laws to a simple thermal circuit. This programme uses the method given in 
th..: IEC 287. 

2. 1 Continuous Current Rating (1 00°/o load factor) -

\\ hen the conductor is energized heat is generated within the cable. This heat is 
g~ nerated due to 12 R losses of the conductor, dielectric losses in the insulation, losses 
it the metallic components of the cable. The ampacity of the cable dependent on the 
w.ty of this heat transmitted to the cable surface and ultimately dissipated to the 
~u rrounding. Cable materials and soi l represent a series circuit of thermal resistances. 
The thermal resistances control heat dissipation from the conductor. Therefore the 
cl iciency of heat dissipation is dependent upon the various thermal resistances of the 
n ble materials, the external backfill and soil plus the ambient temperature around the 
cable. If you dissipate more heat, you can carry more current. 
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Figure 2.1 -Thermal Circuit model of a 3-core metal-sheathed power cable 

·1 he normal maximum continuous rating is dependent on a number of factors of which 
ope of the most important is the maximum permissible conductor temperature. The 
n tximum permissible current rating is the loading in amperes which, applied 
t'1 ntinuously until steady conditions are reached, will produce this maximum 
l'l nductor temperature. The steady state is reached when the rate of heat generation in 
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th~ cable is exactly equal to the rate of heat dissipation from the surface of the cable. 
This steady state is the only condition considered when calculating maximum 
permissible continuous current rating. 

By applying thermal equivalence of Kirchofrs and Ohm's law to the circuit in figure 
2. I we can write, 

68 = H * S 

Where 68 represent the temperature difference in Celsius 
H represents the flow of heat in watts, 
S represents the thermal resistances in thermal ohms. 

We can rewrite the above expression by substituting cable parameters as, 

L\8 = (I2R -r 0.5 Wd) T1 + [I2R (1+ tq)+ Wd] nT2 

+ [I2R (1 + A.1 + /.2)+ Wd] n (T3+T4) -

(I) 

(2) 

Where I =Permissible continuous constant current (100% load factor) in 
one conductor of the cable. 

R 

L\8 
wd 

= A.C. Resistance of the conductor at maximum operating 
temperature. 
= Conductor temperature rises above ambient temperature. 
= Dielectric loss. 

n = number of current carrying conductors in the cable. 
T,, T2, TJ, T4 denote the them1al resistances of each layer of the cable. 

1..,,1.2 denote the loss factors of the metallic components. 

From the above expression a fommla can be obtained for the permissible 
current as, 
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T.1e programme uses this formula for calculating continuous current. The other 
pnrameters of the formula should be separately calculated which depend on the 
,·arious other factors like cable construction types, installation types, installation 
environment etc. 
1 he detailed description of the calculation procedure is included in the Chapter 5. 

2.2 Cyclic Rating 

It is very often happens that loads are cyclic rather than continuous. Many cables, 
p 1rticularly buried cables may take up longer time for the temperature to build up the 
equilibrium condition on which the continuous ratings are based on. Generally the 
continuous rating is used as a guide but when the load is cyclic different ratings 
should be used which will be higher than the value for continuous operation. 
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In cyclic operation a cable can carry a significantly heavier load for a given maximum 
conductor temperature than during constant load because the cable, and sometimes its 
environment is capable of storing heat during periods of peak load and dissipating this 
stored heat when the load diminishes. Many factors have to be taken into account in 
calculation of cyclic ratings. Cable diameter in relation to the environment has a major 
ef~"ect, because surface area increases with diameter. Other factors are the type of 
cable, the effect of any other cables in the vicinity and the thermal resistivity of the 
so il. 

2.'!.1 Cyclic Rating Factor (M) 

Tlte cyclic rating factor is defined as the factor by which the permissible continuous 
C' rrent rating (I 00% load factor) can be multiplied to obtain the peak load current 
d1 ring a daily load cycle, such that during this cycle the conductor reaches but does 
rH t exceed the standard maximum permissible temperature. 

h r cables in air the conductor temperature follows changes in the load current 
su fficiently rapidly so that the usual daily cycle do not permit peak loads greater than 
th ~ steady state value. Usually the cyclic rating factor is taken as unity for cables in 
at ··. 

l he programme can calculate cyclic rating after calculating the permissible 
cnntinuous current rating if the detail of the daily load cycle is available (as 24 hourly 
values). 

2.3 Important Parameters, Which Affect Ratings 

2.3.1 Temperature 

1, mperature rise is the most important, but this is governed by the ba~e ambient 
tL mperature for the given cable location and the maximum temperature applicable to 
tl .: insulation and cable constnrction. For buried cables, if the soil is warm it absorbs 
k ss heat and consequently the rating will be reduced. 

2.J.2 Conditions of Installation 

• A cable in air generally dissipates heat better than a cable buried in the ground, 
but in this respect the cable diameter or more particularly the surface area is 
more important 

• A direct buried cable dissipates heat more readily than a cable in a duct. 

• For buried cables the rating decreases with the depth of burial because it is 
assumed that the heat finally goes to the ground surface. Deeper cable sees 
more total soil resistance. 

• Soil thermal resistivity is also an important factor. This determines how well 
does the soil carry away the heat. 

• Adjacent cables contribute heat and may induce additional losses in the cable 
itself. Closer cables have more effect. 
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2.3.3 Shielded Grounding 

Multipoint grounding increases circu lating cunents in the sheath. Therefore the losses 
\\ill be increased and the rating will be decreased. Single-point grounding eliminates 
sheath cunents, but away from the ground point, induced voltage on the sheath has to 
n: nain within certain limits. 

2.3.4 Cable Design 

I 'te cable design determines the ability to transfer heat from the conductors to the 
o, ter surface. This varies with the materials used and the number of layers in the 
Ct nstruction. 

-
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