19.3 Design of Feeders for Industrial Power Systems

Most feeders are comprised of cables enclosed in raceways. Raceways are
defined as enclosed channels designed expressly for holding wires, cables, or busbars.
The most common type of raceway is the conduit, which is a pipe that can be either
rigid or flexible, and can be made from conducting or non-conducting material.

The size of feeder conductor is selected on the basis of three criteria:

Continuous current rating of the load.

Short-circuit current rating of the highest fault.

Voltage regulation.

The conductor size selected is the smallest that will satisfy all three criteria.

19.3.3 Voltage Regulation

In ECE370 we saw that voltage regulation (VR) is the percent change in voltage
that occurs when a loaded circuit is unloaded. The NEC recommends that VR be
limited to 3% on any branch or feeder and that the overall VR from the service entrance
to any service outlet be limited to 5%. This is shown diagrammatically in figure 19.6.
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Figure 19.6 Voltage Regulation Relationships

To calculate VR requires that the impedance of the feeder be known so that it
can be multiplied by the load current to produce the voltage drop. This procedure is
awkward when designing feeders because the impedance is not known until the feeder
cable is selected; so once again the use of tables becomes useful. The principal factors
that affect VR are type of conduit, feeder length, conductor material, conductor gauge,
and load power factor. The effect that these quantities have on voltage drop has been
calculated and is presented in table 19.6, which is based on material from Canada Wire
and Cable Limited.

Notice that the values listed in the table are voltage drops per 1000 ampere-feet
of feeder cable.



Table 19.6 Voltage Drops for 60 Hz Systems
Taken from Electric Systems in Buildings by S. Davi  d Hughes



EXAMPLE 19.5

A 480 V load that has a pf of 0.9 lag is fed via a three-phase feeder that is 500’ long,
carries 250 A and is 250 MCM copper; and a branch that is 250’ long, carries 120 A and
is #2 copper. Both feeder and branch are enclosed in steel conduit. Determine the
individual and overall VR.

Solution

Strategy: Table 19.6 will provide the feeder and branch voltage drops once the
ampere-feet are known. Dividing this by the rated voltage gives the regulation

Assumptions:  Operating temperature is below 75° C, so the factor of 1.1 does not
have to be applied. Since the conduit is steel, it will be magnetic.

Analysis:



EXAMPLE 19.6

A 480 V three-phase feeder is required to supply two loads. Load 1 is 30 kVA
fluorescent lighting with 0.9 lag pf, which is continuous. Load 2 is a 20 kVA heater, also
at 0.9 lag pf and is non-continuous. Specify the size of the feeder conductor given the
following information. Length of feeder is 250’ and it runs in free air at an ambient
temperature of 35° C. Conductors should be copper, with type XHHW, 75° C insulation
in steel conduit. The available symmetrical short-circuit current is 39 kA and the circuit
is protected by a circuit breaker.

Solution

Strategy: Conductor gauge is determined by three factors: ampacity, heating during
faults, and voltage regulation. For ampacity we need to calculate 125% of continuous
load plus 100% non-continuous loads. Short-circuit performance is assessed in the
same way as example 19.4, except that the constant of proportionality corresponding to
copper conductors with XHHW insulation is 71.95 x 107°, as given in section 19.3.2.
Voltage regulation is determined from table 19.6, in a manner similar to example 19.5.
When gauge sizes based on each of the three criteria have been determined, the
largest gauge is chosen so that all criteria are met.

Assumptions:  Fault clearing times in Table 19.5 apply.

Analysis:



Next, we must check the minimum size required for a symmetrical short-circuit current
of 39 KA. For a low-voltage circuit breaker this corresponds to lasy = 39 x 1.3 = 50.7 KA.
For copper conductor with XHHW insulation K = 71.95 x 10°. The low-voltage circuit
breaker operates in 2 cycles (0.0333 s). This gives the area of the conductor as:



