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. Selected Applicable NEC® Articles
o for Etectrical

* Many articles in the
NEC®are applicable e
to the electrical
integration of a PV
system, particularly
Article 690.
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T ore

* The NEC® defines
the various circuits | e
and components [ )
in PV systems and
specifies their

requirements.
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Voltage Correction Factors for

+ Array open-circuit Low Temperatures
voltage is corrected
for low temperatures 251010 1.06
to yield the e i3
maximum possible Fllioge 11z
array voltage. e

NEG® Table 690.7. Reprinted with permission from NFPA 70-2005,
the National Electrical Code® Copyright® 2004, National Fire
Protection Association, Quincy, MA 02169. This reprinted material
is not the official position of the NFPA on the referenced subject
which is represented solely by the standard in its entirety.
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Conductor Resistances*

18 7 7.95
« Larger conductors 16 489 499
have lower i Y Tos
resistance for a P e o5rs
given length. ° - o
3 — 0.245
2 —_ 0.194
1 —_ 0.154
0(1/0) — 0.122
00 (2/0) — 0.0967

*in Qlkft at 75°C (167°F)

Excerpted from NEC® Chapter 9, Table 8. Reprinted with permission
from NFPA 70-2005, the National Electrical Gode® Gopyright® 2004,
National Fire Protection Association, Quincy, MA 02169. This reprinted
material is not the offcial position of the NFPA on the referenced
subject which is represented solely by the standard in its entirety.
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+ Conductor sizes typically used in PV systems
range from 20 AWG to 2/0 AWG. Conductors
may be solid or stranded.

Conductor Sizes
20 00a20 5 3 o620 ®
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Ampocities of Insulated Copper Conductors*

+ Ampacity is the : 2 :
current-carrying = S O
capacity of a : n = =
conductor and 2 = 2
depends on s = T -
conductor type . E : 2
and size. z . 0 5
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Ampacity Correction Factors for High Temperatures
D L

60°C Rated 75°C Rated 90°C Rated
N 211025 1.08 105 1.04
+ Conductor ampacity 261030 1.00 1.00 1.00
311035 091 094 096
mustbe deratedfor 1o o o
h'gh temperatures‘ 411045 071 082 087
461050 058 075 082
511055 041 067 076
561060 = 058 071
611070 - 033 058
711080 = = 041

“in'c

Excerpled fom NEG® Table 310.16. Reprinted wih permission from NFPA 70-2005, the Nationsl

Eloctical Codo® Copyright® 2004, National Firo Protoction Associaton, Quincy, MA 02189, This
whichs

s i
oprasented solsy by the standard in s ety
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Ampacity Correction Factors for

Number of Conductors
+ Conductor ampacity
must be derated for

more than three e o8
current-carrying o2 050
conductors together 311040 0.40

Over 40 0.35

in a conduit or cable.

NEC Table 310.15(B)(2)(@). from NEC® Table 250.122. Reprinted with
permission from NFPA 70-2005, the National Electrical Code®
Copyright” 2004, National Fire Protection Association, Quincy, MA
02169. This reprinted material is not the official position of the NFPA
on the referenced subject which is represented solely by the standard
in its entirety.

Distiever




Conductor Insulation Markings
6, T

Size, insulation type,
resistances, and
other information are
printed on the outer
jacket of conductors.

Distiover 10

+ Conductors in different parts of a PV
system have different requirements.

Recommended Insulation Types for PV Systems
cr

© \° D&
‘\u\éa o . © o o o o ‘P’BCP‘\&\

Soucecicutwing v v v v v v UsEUsE2 UESE
Ouputcircuitwiing %, Z v % USE-2, XHHW-2, RHW-2, THWN-2
v v v v v UETC
Intsrior wiring v v v THHN, THW, RHW, XHHW, RH

v v vt NM, NMB, UF
Battery wiring 7 v 7 TR

~ only flexile conduit
+may not be permitiedin local jurisdiction
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* Source circuits are
usually wired with
exposed conductors.

_ Source-Circuit Wiring

Distiever 12




* Modules are Module Connectors
typically connected
together with
external, exposed
connectors.

Discover
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. Screw Terminals
+ When tightened 87
properly, screw
terminals produce

secure and low-
resistance

connections.

Discover
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+ Lugs are crimped conductor terminations in ring,
fork, spade, or pin shapes.

+ Lugs

Distiever
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Splices

« Splices are used in
PV systems to
connect or extend
conductors, parallel
array source circuits,
or tap service-
entrance conductors
for supply-side
interconnections.

D\scove[ 16

- DC Plug and Receptac

+ Several NEMA plug-and- I
receptacle configurations are
acceptable for use with DC
branch circuits. -

Discover a7

* Module junction
boxes contain and
protect the module
terminal
connections and
diodes in the
source circulit.

dule Junction Boxes

Distiever 48




* Multiple PV source
circuits are
combined into the
PV output circuit
within the combiner
box.

- Source-Circuit Combiner Boxes

D\scove[ 10

* Protection Diodes

SERIES STRING
OF MODULES

* Blocking diodes and
bypass diodes are
installed in different
parts of a source
circuit and have
different functions.

BYPASS BLOCKING
DIODES DIODE
SOURCE
CIRCUITS

Discover

20

Bypass Diodes
+ Bypass diodes may \
be field-installed in
the module junction
box.
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* Source-circuit wiring Source-Circuit Conduit
methods must be /
flexible, so if the %
conductors are
installed in conduit,
the conduit must be
made from a flexible
material.

Distiover 2

Overcurrent Protection

ENERGY ABSORBED /—SHOHTA
BY CIRCUIT BEFORE CIRCUIT
C\RCUITOPENS&\CURRENT
* Current-limiting i N7
overcurrent CURRENT
. N DEVICE TRIPS AND o 4
protection devices OFENSCIRCUIT/ ",
open a Short clrcu“ NONCURRENT-LIMITING
before current OVERCURRENT PROTECTION DEVICE
reaches its highest OEvGE RS AN SHORE
Value 'OPENS CIRCUIT- v % gl&(é)ﬁug\”
NORMAL. 7\ \
5 CURRENT L
AR
3 3 !
ENERGY ABSORBED Y i
BY CIRCUIT BEFORE % [
CIRCUIT OPENS: S

CURRENT-LIMITING OVERCURRENT
PROTECTION DEVICE

Distioverar,,

Overcurrent Protection Devices

+ Overcurrent
protection devices
include fuses and
circuit breakers of
various types and
ratings.

Distiever o4




« Array source circuits
are typically fused
individually within
the source circuit
combiner box.

Source-Circuit Fuses

Distiover 25
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Inverter-Output Overcurrent
Protection and Disconnects

QUTRUT Crourr

« Overcurrent protection for the

inverter output circuit depends on

the system or utility e 5
interconnection. Overcurrent
protection and dis-connecting i
means for this circuit may also be
combined by using circuit

breakers or fused disconnects.

osiRESNEN
o< |

Backseep |
e
BREAKER:

INTERACTIVE SYSTEM
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Neutral Loading
+ Connecting a 120 V AC POWER
inverter toga 120/240 "SRR

V system with
multiwire branch
circuits causes .
dangerous INVERTER e " }120\/
: }120v

overloading in the i s
grounded (neutral)
conductor. N neutRaL (GROUNDED)

CONDUCTOR RECEIVES
DOUBLE RETURN CURRENT

Distiever




* The array disconnect
opens all current-
carrying conductors in
the PV output circuit.

. Array Disconnects

Direct Power and Water Corporation

Discover

+ The AC disconnect
of an interactive PV
system should be
located close to the
main utility service
disconnect so that
all sources of power
can be shut down
quickly in an
emergency.

AC Disconnects
Wl‘ I )

Discover

* All major component
installations must
include switches or
circuit breakers as a
means to isolate and
disconnect them from
the system.

Equipment Disconnects

Distiever
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AC and DC Grounding Methods

BEEBIE occrouwro  accmouncen

SRR, SRR,
o | ]
/ /
+ There are two |
acceptable
methods of e k e
grounding both ]

the AC and DC —
sides of a PV
system.

bc gRouNDED Ac GROUNDED
CoRUCTOR ¢ ‘CONDUCTOR

£C arROUNDING
ELECTRODE
CONDUGTOR

AC GROUNDING
ElEcTRODE—"|

COMMON GROUNDING ELECTRODE

D\scove[ 31
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Module Frame Grounding

4

* Modules should be
connected to each other
and the mounting structure
with grounding conductors
to ensure a continuous
grounding connection.

BONDING JUMPERS

Biolo Discover
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+ Grounding Conductor Sizing
L RRENT CONE

* Equipment ‘
grounding ) |

conductors are s "
sized based on 30 10
the rating of the - 10
overcurrent 100 A
protection device - 200 6
in the circuit. 1in AWG for copper conductors

Excerpted from NEC® Table 250.122. Reprinted with permission from
NFPA 70-2005, the National Electrical Code® Copyright® 2004,
National Fire Protection Association, Quincy, MA 02169. This reprinted
material is not the official position of the NFPA on the referenced
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Lightning protection is especially important in the southeastern states,
which have the highest lightning-strike density in the United States.

Lightning-Strike Density

LIGHTNING-
STRIKE DENSITY
(FLASHES/KM?/YR)
I 40 TO 50
B 30 TO 40
2320 TO 30
1107020
=570 10

m1T05
- <
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Alightning
protection system
includes a network
of air terminals, a
grounding electrode
(down) conductor,
and a set of
grounding
electrodes.

Lightning Protection System

ELECTRICAL SYSTEM
GROUNONG EECTEREE

oL TOn /

|~ GrouNnG ElEoTRODE

\Leothioa svsren CRouNDIG.

/ UisHminG Rop)
/

(B3 CONDLGTOR

B0NDING BETWEEN
|/ ERRSE Srews

e

PROTEGTION

GROUNDING ELECTRODE  ELECTRODES

Discover a5

Surge arrestors may
be incorporated into
equipment or can be
installed on circuits

as separate devices.

Surge Arrestors

Distiever 36
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« Circuit breakers can ) ‘

inverter does not
already provide this
protection.

areul

GROUND-
PAQTECTION SeATCH
TGO BREAKER)

 Array Ground-Fault Profection with Circuit Breakers

—
SN Vs
e

o MECHANCAL ot
"1 ~crounp.eauer

be used for array L/
ground-fault N
protection when the Eoo SEEE 7T \mme,

s

RN FAULT
PROTECTION Device
{GRCUT BREAKER)

sounce
7 PUSES

ConpucTon

Distiover a7

+ Some inverters include fuses as array ground-fault
protection in their DC input circuits.

Array Ground-Fault Protection with Inverter Fuse

PV SOURCE
CIRCUITS GROUND-FAULT
PROTECTION
DEVICE

BDIeCONNECT S RUSE c
\ | 600N O

INVERTER

I
PR |

BONDING
EQUIPMENT _1
B= il CONNECTION
CONDUCTOR GROUNDING
ELECTRODE
CONDUCTOR
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+ Aground-fault circuit
interrupter (GFCI)
senses differences
between the current
in the grounded and
ungrounded
conductors,
indicating a ground
fault, and opens the
circuit in response.

Ground-Fault Circuit Interrupter

SENSING AND
CONTROL

CiRCUIT _——
/BUWON

CURRENT
SENSOR

\\}j

RESISTOR

Distiever 30
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» Connectors used for
disconnecting
battery banks must
open both the - Battery Bank Disconnects
ungrounded and
grounded
conductors
simultaneously.

Distiover 20

Tool a8
g PoweRING Youn FuTuRe

Please select your system paramters Possible SystémCanflparations
Sk S erraNGe

nverter ~

o Fronius IG 3000 (240V) 2] = =
Module
Manufacturer Mtsubishi ] 5 =)
I PV-UD185M v

Module Type | PV-UD18SMFS | #| o liees 3329

Environmental Conditions O 9F © oc 01 BEEC

Hottest o o | ‘D’ 11

Ambient. 400C ... 450C M

e, u | 22 |

Coldest L]

Ambient  [-200C .. -116C vl [

Temp. - 14

s
Show Madule Details (]
Please press a button!  Array May Be Undersized
M optimal Configuration
Array May Be Oversized
= *) DC Valtage exceeds UL rating at minimur temperatures chosen
= in Verify input temperature.
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