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Tap changers are essential components in

i transformers, used to regulate voltage by altering
| e the transformer winding ratios. They are commonly
| ermae found in high-voltage transformers like those used in
‘ power substations, ensuring voltage stability across

5 the grid. There are two main types of tap
changers:-On-Load Tap Changers (OLTC): ??7?

Line Side Tap Governing Code(s): NEC 705.12(A),
705.31 A line side tap (or supply side tap) refers to a
connection between the meter and main breaker.
This is the preferred method of interconnection for
solar installers as it is the most straight forward and
requires the least amount of calculations. However,
there are some
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE

Some works improve the basic autonomous rule
based methods [14] [15][16]. Reference [14]
P‘TM replaces the local OLTC bus voltage with feeder
J,L/L/» end measurement for the control of tap switching to
improve

LT

So0 240.21(B)(2) permits a 25-foot tap where the
ampacity of the tap conductor is not less than
one-third of the rating of the overcurrent device
protecting the feeder conductors. The tap
conductors must terminate in a single circuit breaker
or single set of fuses that will limit the load to the
ampacity of the tap conductors.

aaaaaaaaaaaaaaaaaaaaa The National Electric Code allows for a few different

T ways to interconnect PV systems to utility systems.
® l In two editions of Code Corner, Ryan Mayfield with
R | Mayfield Renewables, explains busbar, load side
. LB ! 2
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE

A feeder tap for the PV interconnection is definitely
6w w allowed. Keep in mind that 705.12(B)(2)(2) (2017
o Lot NEC) modifies the tap rules in 240.21. For example,
if you are using the 10"/10% tap rule, the minimum
size of your tapped PV feeders would be 10% of
(400A + 1.25%*inverter output current).

WORKING PRINCIPLE

The Tap Rules were developed assuming that there
is overcurrent protection on the conductor being
tapped ahead of the tap point. The overcurrent
protection for service-entrance conductors may be
on the primary side of a distribution transformer
feeding several sets of service-entrance conductors.
Available short-circuit currents may be quite high.

This means that whichever tap rule in 240.21(B) is
being used, 125% of the inverter output circuit
current must be added to the size of the OCPD
protecting the feeder being tapped and then the
appropriate tap rule from 240.21(B) can be used.
The intent is to factor in the contribution from the PV

J '\ system which increases the amount of current
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE

28 KW String inverter Max AC Current 39 Amps,
480V wye output. Proposed connecting 4 inverters
via a tap connection using a polaris lug in a tap box,
or some type of direct burial rated tap underground.
They are thinking that we would not need any
OCPD on each inverter, due to the tap rule.

Sean White gave an NEC training at this year's
ASES Convention. Video from that presentation is
included in our updated free course, "Introduction to
Solar PV Design, Installation and Code". But there
was some content that was too advanced for
Continue reading "Overcurrent Protection and the
25-Foot Feeder Tap Rule"

New to the NEC 2020 we have section 705.11
which helps us understand how to make supply-side
connections more clearly than previous iterations.
To this point, installers have been making
supply-side connections in PV systems following the
Code to the best of their ability. But with some
admittedly vague rules around a few key issues, we
wanted to address supply ???
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE

APPLICATION SCENARIOS

- In this context, this paper developed an efficient and
' resilient expert system integrating rule-based
reasoning applied to the on-load tap changer-fitted
transformer to improve the efficiency of

Navigating solar interconnection methods with
diverse configurations and rules is complex.
Connecting your PV system demands
understanding this landscape. Would this allow for
up to 100A of solar to be installed in the MLO panel
and it would follow the 120% rule? Or would a load
tap before the 100A breaker be a suitable option
and that be

Nowadays, in low voltage electric distribution
networks, the distribution network operators are
encountering a high number of connected
small-scale distributed generation units, mainly
photovoltaic prosumers. The intermittent nature of
the prosumers, together with the degree of
uncertainty of the requested and injected powers
i associated with all end-users from low ??7?
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE

The operating conditions of the transformer
connected to the inverter are particularly unknown
for each solar power plant; thus, the transformer will

be subject to a particular harmonic content

New to the NEC 2020 we have section 705.11
which helps us understand how to make supply-side
connections more clearly than previous iterations.
To this point, installers have been making
supply-side connections ??7?

The topology details of the transformer are
irrelevant to the calculation. A 480V to 208V wye
transformer would be treated the same way as a
480V delta to 120/208V wye transformer, as far as
240.21(C) is concerned. It is the protection of the
field-installed wires that concerns 240.21(C).
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE

For this purpose, two advanced methods to control
i on-load tap changer fitted transformers, owned and
operated by DNOs, are proposed: a rule-based
control method that only requires monitoring from

|
I
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remote points and a ???

For this purpose, two advanced methods to control
on-load tap changer fitted transformers, owned and
operated by DNOs, are proposed: a rule-based
control method that only requires monitoring from
remote points and a three-phase optimal power
flow-based control method that requires full
observability and adopts a simple ??? yet effective

Many larger PV systems cannot meet the
requirements for a load-side (of the service
disconnect) connection to the premises wiring
system and a supply-side connection must be
considered. the other "Tap Rules" of Section 240
do not apply because they were not developed to

address two sources of power in a tap circuit, nor

were they
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE
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wt Once the utility engineers approve the line-side tap
: =] :
E ) FE ----- . - [ =l connection, a transformer power shutdown must be
£ E t-m a ‘BEE scheduled to allow the electrical contractor to
”]Mﬂm e = connect the wires otherwise attached to the utility
= = grid. The overcurrent protection ??7?
m -
B " §
——
Before we get into the details of 240.21, you must
_— understand that a tap conductor isn"t permitted to
[ I ""..'l J supply another tap conductor. In other words, you
== ! can"t make a tap from a tap. Now let's look at the

Code's specific requirements for feeder tap rules
and secondary tap rules. Feeder tap rules
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The NEC mandates that the sum of the breaker
ratings connected to a panelboard must not exceed
120% of the panel's busbar rating when a solar
photovoltaic system is connected on the load side.
This "120% rule" is pivotal ???
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PHOTOVOLTAIC TRANSFORMER SOLAR
TAP RULE

Please explain the 10-ft tap rules? A. Except as

T ﬁ,’; permitted by Sec. 240.21(A) through (H),
w‘ %‘E overcurrent devices must be placed at the point
‘tllj fgr“ et where the branch circuit or feeder conductors
' receive their power. Taps and transformer
- secondary conductors arent permitted to supply
= Eﬁ%“ another conductor (tapping a tap isn"t permitted)
R ) NN (see Fig. 1).
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The tap rules in 240.21 (B) were designed with one
power source (usually the utility). Section
705.12(B)(2) allows the tap rules to be used where
—— the sum of 125% of the power source rated output
current plus the rating of the overcurrent device
protecting the feeder is used as the single current
source in the tap rule calculations.
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25 feet must be met. Regardless of which rule is
used, besides the tap conductor rules, short-circuit
protection of the transformer secondary conductors
should be analyzed. Transformer Tap Conductors
??? 240.21(C)(2) 240.21(C)(2) permits fuses or
circuit breakers to not be required on the secondary
of a transformer if secondary
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