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Filming in Minnesota 
 

An outline of electrical safety requirements 
 

This document contains important information regarding electrical licensing, 
electrical inspection, and the requirements of the National Electrical Code (NEC) 

for filmmaking and similar projects that employ portable, vehicle-mounted, or 
temporary electrical power distribution. 

 
Frequently Asked Questions 

 
1. What is the responsibility of the Department of Labor & Industry? 
 
In accordance with Minnesota law and rules, the department has the responsibility for inspection 
of all electrical wiring and equipment for on-location filming, filmmaking productions, and similar 
projects. Portable and vehicle-mounted generators and portable electrical distribution systems are 
required to be inspected. Additions or alterations to premises wiring systems, permanent electrical 
infrastructure, or other fixed wiring systems are also required to be separately inspected. 
Equipment shall be inspected and be in compliance before it is energized and put into use. 
 
2. What is the responsibility of the film company or its authorized representative? 
 
The film company or its authorized representative is responsible for notifying the department 
sufficiently in advance to permit completion of the electrical inspection, the correction of code 
violations, and the required re-inspections. 
 
3. Is inspection of equipment necessary before the electrical system can be energized or used? 
 
Electrical equipment shall not be energized until it has been inspected and approved. 
 
4. Does the Department of Labor & Industry perform electrical inspections in all areas of the state? 
 
The department’s inspectors make electrical inspections statewide, except in cities that have 
made provisions for electrical inspections within their respective local jurisdictions. A list of all 
electrical inspectors and contact information is available on the department’s website at 
www.electricity.state.mn.us/CCLD/ElectricalInspect.asp Upon request and to promote 
consistency, the department will provide consultation to local or municipal electrical inspectors. 
 
5. How do I request and schedule an electrical inspection? 
 
The Request for Electrical Inspection (REI) form will be completed and the appropriate inspection 
fee will be collected at the time of the electrical inspection. The Department of Labor and Industry 
does not accept cash as payment for inspections. Accepted methods of payment are checks or 
money orders. Electrical inspections can be scheduled by contacting the department at 
dli.electricity@state.mn.us or by calling the Supervisor of Electrical Inspections, John I. 
Williamson, at 651-284-5823. 
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6. Is an electrical inspection required at each different location where filming will take place? 
 
An initial comprehensive electrical inspection is required at the first filming location. Random 
electrical inspections at no additional cost will be made at subsequent filming locations to ensure 
electrical safety. 
 
7. What if there are code violations at the time of the initial electrical inspection? 
 
Identified code violations are documented on an inspection report form and a copy is provided to 
the user of the equipment. A reasonable period of time will be allowed to bring the equipment into 
compliance. Equipment shall be in compliance before it is energized and put into use. 
 
8. Are there restrictions in Minnesota as to who can perform electrical work? 
 
Minnesota has strict electrical licensing and electrical inspection requirements. Persons other than 
licensed employees of licensed electrical contractors are only allowed to connect or inter-connect 
multi-conductor cords and single-conductor cables that are equipped with approved separable 
multi-pole or single-pole connectors. Licensed employees of licensed electrical contractors are 
required to connect or terminate cords and cables that have bare ends, clamps, clips or other 
types of connections other than approved separable connectors.  
 
Licensed employees of licensed electrical contractors are required to perform all electrical work on 
interior or exterior premises wiring systems or any other fixed electrical infrastructure, regardless if 
it will be dismantled, abandoned, or removed at the conclusion of filming. Electrical inspections 
associated with premises wiring systems or other fixed electrical infrastructure are conducted 
separately (the licensed contractor will file a separate REI form and inspection fee). 
 
9. How is the electrical equipment marked to indicate that it has passed inspection? 
 
An electrical inspection sticker is typically affixed to the generator enclosure. However, for rented 
or leased equipment on which an inspection sticker would not be acceptable or allowed by the 
equipment owner, alternative documentation will be provided.  
 
10. How much does an electrical inspection cost? 
 
In accordance with Minnesota Statute 326B.37, Subd. 10, an electrical inspection for a filmmaking 
project will be considered as a “special inspection”. The inspection fee is $80 per hour, including 
travel time, plus the standard mileage rate. The time necessary to make a comprehensive initial 
electrical inspection will be different for each filming project. However, based on past experience, 
most initial inspections can be made in one to three hours. Regardless, every effort is made to 
provide a timely, thorough inspection and to keep inspection costs at very reasonable levels. 
 

Electrical Code Requirements 
 
Until such time that a comprehensive outline of electrical code requirements and related electrical 
requirements and information can be developed, please refer to the following attached pages and 
documents for informational purposes. In summary, the focus of every electrical inspection could 
include but not be limited to the following: 
 

• Electrical system grounding, electrical equipment grounding, and generating equipment 
• Flexible cords, flexible stage and lighting power cable, and other wiring 
• Ampacity ratings and overcurrent protection for cords, cables, wiring and equipment 
• Portable power switchboards, power distribution boxes, scatter boxes, etc. 
• Lighting equipment 
• Other electrical system components as necessary 
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250.20 Alternating-Current Systems to Be Grounded.

Alternating-current systems shall be grounded as provided for in 250.20(A), (B), (C), (D), or
(E). Other systems shall be permitted to be grounded. If such systems are grounded, they shall
comply with the applicable provisions of this article.

FPN: An example of a system permitted to be grounded is a corner-grounded delta transformer connection.
See 250.26(4)  for conductor to be grounded.

(A) Alternating-Current Systems of Less Than 50 Volts. Alternating-current systems of less
than 50 volts shall be grounded under any of the following conditions:     

(1)     Where supplied by transformers, if the transformer supply system exceeds 150 volts to
ground 

(2)     Where supplied by transformers, if the transformer supply system is ungrounded 

(3)     Where installed outside as overhead conductors 

(B) Alternating-Current Systems of 50 Volts to 1000 Volts. Alternating-current systems of
50 volts to 1000 volts that supply premises wiring and premises wiring systems shall be
grounded under any of the following conditions:   

(1)     Where the system can be grounded so that the maximum voltage to ground on the
ungrounded conductors does not exceed 150 volts

Exhibit 250.4 illustrates the grounding requirements of 250.20(B)(1) as applied to a 120-volt,
single-phase, 2-wire system and to a 120/240-volt, single-phase, 3-wire system. The selection
of which conductor to be grounded is covered by 250.26.

 

Exhibit 250.4  Typical systems required to be grounded in accordance with 250.20(B)(1).
The conductor to be grounded is in accordance with 250.26. 
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(2)     Where the system is 3-phase, 4-wire, wye connected in which the neutral conductor is
used as a circuit conductor  

(3)     Where the system is 3-phase, 4-wire, delta connected in which the midpoint of one phase
winding is used as a circuit conductor

Exhibit 250.5 illustrates which conductor is required to be grounded for all wye systems if the
neutral is used as a circuit conductor. Where the midpoint of one phase of a 3-phase, 4-wire
delta system is used as a circuit conductor, it must be grounded and the high-leg conductor
must be identified. See 250.20(B)(2) and (B)(3), as well as 250.26.

 

Exhibit 250.5  Typical systems required to be grounded by 250.20(B)(2) and
250.20(B)(3). The conductor to be grounded is in accordance with 250.26.

(C) Alternating-Current Systems of 1 kV and Over. Alternating-current systems supplying
mobile or portable equipment shall be grounded as specified in 250.188. Where supplying other
than mobile or portable equipment, such systems shall be permitted to be grounded.

(D) Separately Derived Systems. Separately derived systems, as covered in 250.20(A) or (B),
shall be grounded as specified in 250.30(A). Where an alternate source such as an on-site
generator is provided with transfer equipment that includes a grounded conductor that is not
solidly interconnected to the service-supplied grounded conductor, the alternate source (derived
system) shall be grounded in accordance with 250.30(A).

Two of the most common sources of separately derived systems in premises wiring are
transformers and generators. An autotransformer or step-down transformer that is part of
electrical equipment and that does not supply premises wiring is not the source of a separately
derived system. See the definition of premises wiring in Article 100.
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FPN No. 1: An alternate ac power source such as an on-site generator is not a separately derived system if
the grounded conductor is solidly interconnected to a service-supplied system grounded conductor. An
example of such situations is where alternate source transfer equipment does not include a switching action
in the grounded conductor and allows it to remain solidly connected to the service-supplied grounded
conductor when the alternate source is operational and supplying the load served.

Exhibits 250.6 and 250.7 depict a 208Y/120-volt, 3-phase, 4-wire electrical service supplying
a service disconnecting means to a building. The system is fed through a transfer switch
connected to a generator intended to provide power for an emergency or standby system.

 

Exhibit 250.6  A 208Y/120-volt, 3-phase, 4-wire system that has a direct electrical
connection of the grounded circuit conductor (neutral) to the generator and is therefore

not considered a separately 
derived system.

 

Exhibit 250.7  A 208Y/120-volt, 3-phase, 4-wire system that does not have a direct
electrical connection of the grounded circuit conductor (neutral) to the generator and is

therefore considered a separately 
derived system.

In Exhibit 250.6, the neutral conductor from the generator to the load is not disconnected by
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the transfer switch. The system has a direct electrical connection between the normal
grounded system conductor (neutral) and the generator neutral through the neutral bus in the
transfer switch, thereby grounding the generator neutral. Because the generator is grounded
by connection to the normal system ground, it is not a separately derived system, and there
are no requirements for grounding the neutral at the generator.

In Exhibit 250.7, the grounded conductor (neutral) is connected to the switching contacts of a
4-pole transfer switch. Therefore, the generator system does not have a direct electrical
connection to the other supply system grounded conductor (neutral), and the system supplied
by the generator is considered separately derived. This separately derived system (3-phase,
4-wire, wye-connected system that supplies line-to-neutral loads) is required to be grounded
in accordance with 250.20(B) and (D). The methods for grounding the system are specified in
250.30(A).

Section 250.30(A)(1) requires separately derived systems to have a system bonding jumper
connected between the generator frame and the grounded circuit conductor (neutral). The
grounding electrode conductor from the generator is required to be connected to a grounding
electrode. This conductor and the grounding electrode are to be located as close to the
generator as practicable, according to 250.30(A)(7). If the generator is in a building, the
grounding electrode is required to be one of the following, depending on which grounding
electrode is closest to the generator location: (1) effectively grounded structural metal
member or (2) the first 5 ft of water pipe into a building where the piping is effectively
grounded. [The exception to 250.52(A)(1) permits the grounding connection to the water
piping beyond the first 5 ft.] For buildings or structures in which the preferred electrodes are
not available, the choice can be made from any of the grounding electrodes specified in
250.52(A)(3) through (A)(8). See 250.35(B) for more information on the grounding/bonding
conductor installed between the generator and the transfer switch.

FPN No. 2: For systems that are not separately derived and are not required to be grounded as specified in
250.30, see 445.13 for minimum size of conductors that must carry fault current.

(E) Impedance Grounded Neutral Systems. Impedance grounded neutral systems shall be
grounded in accordance with 250.36 or 250.186.
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250.30 Grounding Separately Derived Alternating-Current Systems.

(A) Grounded Systems. A separately derived ac system that is grounded shall comply with
250.30(A)(1) through (A)(8). Except as otherwise permitted in this article, a grounded
conductor shall not be connected to normally non–current-carrying metal parts of equipment, to
equipment grounding conductors, or be reconnected to ground on the load side of the point of
grounding of a separately derived system.

FPN: See 250.32 for connections at separate buildings or structures, and 250.142 for use of the grounded
circuit conductor for grounding equipment.

Exception:  Impedance grounded neutral system grounding connections shall be made as
specified in 250.36 or 250.186.

Section 250.30(A) provides the requirements for bonding and grounding the separately
derived systems described in 250.20(D). A separately derived system is defined in Article 100
as a premises wiring system in which power is derived from a battery, a solar photovoltaic
system, a generator, a transformer, or converter windings. It has no direct electrical
connection, including a solidly connected grounded circuit conductor, to supply conductors
originating in another system.

The requirements of 250.30 are commonly applied to 480-volt transformers that transform a
480-volt supply to a 208Y/120-volt system for lighting and appliance loads. These
requirements provide for a low-impedance path to ground so that line-to-ground faults on
circuits supplied by the transformer result in a sufficient amount of current to operate the
overcurrent devices. These requirements also apply to generators or systems that are derived
from converter windings, although these systems do not have the same wide use as separately
derived systems that are derived from transformers.

(1) System Bonding Jumper. An unspliced system bonding jumper in compliance with
250.28(A) through (D) that is sized based on the derived phase conductors shall be used to
connect the equipment grounding conductors of the separately derived system to the grounded
conductor. This connection shall be made at any single point on the separately derived system
from the source to the first system disconnecting means or overcurrent device, or it shall be
made at the source of a separately derived system that has no disconnecting means or
overcurrent devices.

Where a separately derived system provides a grounded conductor, a system bonding jumper
must be installed to connect the equipment grounding conductors to the grounded conductor.
Equipment grounding conductors are connected to the grounding electrode system by the
grounding electrode conductor. The system bonding jumper is sized according to 250.28(D)
and may be located at any point between the source terminals (transformer, generator, etc.)
and the first disconnecting means or overcurrent device. See the commentary following
250.28(D) for further information on sizing the system bonding jumper.

Exception No. 1:  For separately derived systems that are dual fed (double ended) in a common
enclosure or grouped together in separate enclosures and employing a secondary tie, a single
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system bonding jumper connection to the tie point of the grounded circuit conductors from
each power source shall be permitted.

Exception No. 2:  A system bonding jumper at both the source and the first disconnecting
means shall be permitted where doing so does not establish a parallel path for the grounded
conductor. Where a grounded conductor is used in this manner, it shall not be smaller than the
size specified for the system bonding jumper but shall not be required to be larger than the
ungrounded conductor(s). For the purposes of this exception, connection through the earth
shall not be considered as providing a parallel path.

Exception No. 3:  The size of the system bonding jumper for a system that supplies a Class 1,
Class 2, or Class 3 circuit, and is derived from a transformer rated not more than 1000
volt-amperes, shall not be smaller than the derived phase conductors and shall not be smaller
than 14 AWG copper or 12 AWG aluminum.

Section 250.30(A)(1) requires the system bonding jumper to be not smaller than the sizes
given in Table 250.66, that is, not smaller than 8 AWG copper. Exception No. 3 to
250.30(A)(1) permits a system bonding jumper for a Class 1, Class 2, or Class 3 circuit to be
not smaller than 14 AWG copper or 12 AWG aluminum.

(2) Equipment Bonding Jumper Size. Where an equipment bonding jumper of the wire type
is run with the derived phase conductors from the source of a separately derived system to the
first disconnecting means, it shall be sized in accordance with 250.102(C), based on the size of
the derived phase conductors.

(3) Grounding Electrode Conductor, Single Separately Derived System. A grounding
electrode conductor for a single separately derived system shall be sized in accordance with
250.66 for the derived phase conductors and shall be used to connect the grounded conductor
of the derived system to the grounding electrode as specified in 250.30(A)(7). This connection
shall be made at the same point on the separately derived system where the system bonding
jumper is connected.

Exception No. 1:  Where the system bonding jumper specified in 250.30(A)(1) is a wire or
busbar, it shall be permitted to connect the grounding electrode conductor to the equipment
grounding terminal, bar, or bus, provided the equipment grounding terminal, bar, or bus is of
sufficient size for the separately derived system.

Exception No. 2:  Where a separately derived system originates in listed equipment suitable as
service equipment, the grounding electrode conductor from the service or feeder equipment to
the grounding electrode shall be permitted as the grounding electrode conductor for the
separately derived system, provided the grounding electrode conductor is of sufficient size for
the separately derived system. Where the equipment grounding bus internal to the equipment is
not smaller than the required grounding electrode conductor for the separately derived system,
the grounding electrode connection for the separately derived system shall be permitted to be
made to the bus.

Exception No. 3:  A grounding electrode conductor shall not be required for a system that
supplies a Class 1, Class 2, or Class 3 circuit and is derived from a transformer rated not more
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than 1000 volt-amperes, provided the grounded conductor is bonded to the transformer frame
or enclosure by a jumper sized in accordance with 250.30(A)(1), Exception No. 3, and the
transformer frame or enclosure is grounded by one of the means specified in 250.134.

If a separately derived system is required to be grounded, the conductor to be grounded is
allowed to be connected to the grounding electrode system at any location between the source
terminals (transformer, generator, etc.) and the first disconnecting means or overcurrent
device. The location of the grounding electrode conductor connection to the grounded
conductor must be at the point at which the bonding jumper is connected to the grounded
conductor. By establishing a common point of connection, normal neutral current will be
carried only on the system grounded conductor. Metal raceways, piping systems, and
structural steel must not provide a parallel circuit for neutral current. Exhibits 250.13 and
250.14 illustrate examples of grounding electrode connections for separately derived systems.

 

Exhibit 250.13  A grounding arrangement for a separately derived system in which the
grounding electrode conductor connection is made at the transformer.
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Exhibit 250.14  A grounding arrangement for a separately derived system in which the
grounding electrode conductor connection is made at the first disconnecting means.

(4) Grounding Electrode Conductor, Multiple Separately Derived Systems. Where more
than one separately derived system is installed, it shall be permissible to connect a tap from
each separately derived system to a common grounding electrode conductor. Each tap
conductor shall connect the grounded conductor of the separately derived system to the
common grounding electrode conductor. The grounding electrode conductors and taps shall
comply with 250.30(A)(4)(a) through (A)(4)(c). This connection shall be made at the same
point on the separately derived system where the system bonding jumper is installed.

Exception No. 1:  Where the system bonding jumper specified in 250.30(A)(1) is a wire or
busbar, it shall be permitted to connect the grounding electrode conductor to the equipment
grounding terminal, bar, or bus, provided the equipment grounding terminal, bar, or bus is of
sufficient size for the separately derived system.

Exception No. 2:  A grounding electrode conductor shall not be required for a system that
supplies a Class 1, Class 2, or Class 3 circuit and is derived from a transformer rated not more
than 1000 volt-amperes, provided the system grounded conductor is bonded to the transformer
frame or enclosure by a jumper sized in accordance with 250.30(A)(1), Exception No. 3 and the
transformer frame or enclosure is grounded by one of the means specified in 250.134.

  

(a)   Common Grounding Electrode Conductor Size. The common grounding electrode
conductor shall not be smaller than 3/0 AWG copper or 250 kcmil aluminum. 

(b)   Tap Conductor Size. Each tap conductor shall be sized in accordance with 250.66 based
on the derived phase conductors of the separately derived system it serves.    

Exception:  Where a separately derived system originates in listed equipment suitable as
service equipment, the grounding electrode conductor from the service or feeder equipment to
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the grounding electrode shall be permitted as the grounding electrode conductor for the
separately derived system, provided the grounding electrode conductor is of sufficient size for
the separately derived system. Where the equipment ground bus internal to the equipment is
not smaller than the required grounding electrode conductor for the separately derived system,
the grounding electrode connection for the separately derived system shall be permitted to be
made to the bus. 

(c)   Connections. All tap connections to the common grounding electrode conductor shall
be made at an accessible location by one of the following methods:   

(1)     A listed connector. 

(2)     Listed connections to aluminum or copper busbars not less than 6 mm × 50 mm (1/4 in. ×
2 in.). Where aluminum busbars are used, the installation shall comply with 250.64(A). 

(3)     The exothermic welding process.

Tap conductors shall be connected to the common grounding electrode conductor in such a
manner that the common grounding electrode conductor remains without a splice or joint.

A common grounding electrode conductor serving several separately derived systems is
permitted instead of installing separate individual grounding electrode conductors from each
separately derived system to the grounding electrode system. A tapped grounding electrode
conductor is installed from the common grounding electrode conductor to the point of
connection to the individual separately derived system grounded conductor. This tap is sized
from Table 250.66 based on the size of the ungrounded conductors for that individual
separately derived system.

So that the grounding electrode conductor always has sufficient size to accommodate the
multiple separately derived systems that it serves, the minimum size for this conductor is 3/0
AWG copper or 250-kcmil aluminum. Note that this minimum size for the common
grounding electrode conductor correlates with the maximum size grounding electrode
conductor required by Table 250.66; therefore, the 3/0 AWG copper or 250-kcmil aluminum
becomes the maximum size required for the common grounding electrode conductor. The
sizing requirement for the common grounding electrode conductor is specified in
250.30(A)(4)(a), and the sizing requirement for the individual taps to the common grounding
electrode conductor is specified in 250.30(A)(4)(b). The rules covering the method of
connection of the tap conductor to the common grounding electrode conductor are specified
in 250.30(A)(4)(c). The following example, together with Exhibit 250.15, illustrates this
permitted installation method. Section 250.30(A)(4)(c) specifies the methods for connecting
the individual taps to the common grounding electrode conductor. The permitted methods
include the use of busbar as a point of connection between the taps and the common GEC.
The connections to the busbar must be made using a listed means. Exhibit 250.16 shows a
copper busbar used as a connection point for the individual taps from multiple separately
derived systems to be connected to the common grounding electrode.
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Exhibit 250.16  Listed connectors used to connect the common grounding electrode
conductor and individual taps to a centrally located copper busbar with a minimum

dimension of 1/4 in. thick by 2 in. wide.

Application Example

A large post-and-beam loft-type building is being renovated for use as an office building. The
building is being furnished with four 45-kVA, 480 to 120/208-volt, 3-phase, 4-wire,
wye-connected transformers. Each transformer secondary supplies an adjacent 150-ampere
main circuit breaker panelboard using 1/0 AWG, Type THHN copper conductors. The
transformers are strategically placed throughout the building to facilitate efficient distribution.
Because the building contains no effectively grounded structural steel, each transformer
secondary must be grounded to the water service electrode within the first 5 ft of entry into
the building. A common grounding electrode conductor has been selected as the method to
connect all the transformers to the grounding electrode system.

What is the minimum-size common grounding electrode conductor that must be used to
connect the four transformers to the grounding electrode system? What is the minimum-size
grounding electrode conductor to connect each of the four transformers to the common
grounding electrode conductor?

Solution

STEP 1.

Determine the minimum size for the common grounding electrode conductor. In accordance
with 250.30(A)(4)(a), the minimum size required is 3/0 copper or 250-kcmil aluminum. No
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calculation is necessary, and the common grounding electrode conductor does not have to be
sized larger than specified by this requirement. Additional transformers installed in the
building can be connected to this common grounding electrode conductor, and no increase in
its size is required.

STEP 2.

Determine the size of each individual grounding electrode tap conductor for each of the
separately derived systems. According to Table 250.66, a 1/0 AWG copper derived phase
conductor requires a conductor not smaller than 6 AWG copper for each transformer
grounding electrode tap conductor. This individual grounding electrode conductor will be
used as the permitted tap conductor and will run from the conductor to be grounded of each
separately derived system to a connection point located on the common grounding electrode
conductor. This conductor is labeled “Conductor B” in Exhibit 250.15.

 

Exhibit 250.15  The grounding arrangement for multiple separately derived systems
using taps from a common grounding electrode conductor, according to 250.30(A)(4)(a)

and (A)(4)(b).

(5) Installation. The installation of all grounding electrode conductors shall comply with
250.64(A), (B), (C), and (E).

(6) Bonding. Structural steel and metal piping shall be connected to the grounded conductor of
a separately derived system in accordance with 250.104(D).

(7) Grounding Electrode. The grounding electrode shall be as near as practicable to and
preferably in the same area as the grounding electrode conductor connection to the system. The
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grounding electrode shall be the nearest one of the following:     

(1)     Metal water pipe grounding electrode as specified in 250.52(A)(1) 

(2)     Structural metal grounding electrode as specified in 250.52(A)(2)

Exception No. 1: Any of the other electrodes identified in 250.52(A) shall be used where the
electrodes specified by 250.30(A)(7) are not available.

Exception No. 2 to (1) and (2): Where a separately derived system originates in listed
equipment suitable for use as service equipment, the grounding electrode used for the service
or feeder equipment shall be permitted as the grounding electrode for the separately derived
system.

FPN: See 250.104(D) for bonding requirements of interior metal water piping in the area served by
separately derived systems.

Section 250.30(A)(7) requires that the grounding electrode be as near as is practicable to the
grounding conductor connection to the system to minimize the impedance to ground. If an
effectively grounded structural metal member of the building structure or an effectively
grounded metal water pipe is available nearby, 250.30(A)(7) requires that it be used as the
grounding electrode. For example, where a transformer is installed on the fiftieth floor, the
grounding electrode conductor is not required to be run to the service grounding electrode
system. However, where an effectively grounded metal water pipe is used as an electrode for
a separately derived system, 250.52(A) specifies that only the first 5 ft of water piping
entering the building be used as a grounding electrode. Therefore, the grounding electrode
conductor connection to the metal water piping must be made at some point on this first 5 ft
of piping.

Concern over the use of nonmetallic piping or fittings is the basis for the “within 5 ft”
requirement. Where the piping system is located in an industrial or commercial building, it is
serviced only by qualified persons, and the entire length to be used as an electrode is exposed,
the connection may be made at any point on the piping system.

The practice of grounding the secondary of an isolating transformer to a ground rod or
running the grounding electrode conductor back to the service ground (usually to reduce
electrical noise on data processing systems) is not permitted where either of the electrodes
covered in item (1) or item (2) of 250.30(A)(7) is available. However, an isolation
transformer that is part of a listed power supply for a data processing room is not required to
be grounded in accordance with 250.30(A)(7), but it must be grounded in accordance with the
manufacturer's instructions.

Exhibits 250.13 and 250.14 are typical wiring diagrams for dry-type transformers supplied
from a 480-volt, 3-phase feeder to derive a 208Y/120-volt or 480Y/277-volt secondary. As
indicated in 250.30(A)(1), the bonding jumper connection is required to be sized according to
250.28(D). In Exhibit 250.13, this connection is made at the source of the separately derived
system, in the transformer enclosure. In Exhibit 250.14, the bonding jumper connection is
made at the first disconnecting means. With the grounding electrode conductor, the bonding
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jumper, and the bonding of the grounded circuit conductor (neutral) connected as shown,
line-to-ground fault currents are able to return to the supply source through a short,
low-impedance path. A path of lower impedance is provided that facilitates the operation of
overcurrent devices, in accordance with 250.4(A)(5). The grounding electrode conductor from
the secondary grounded circuit conductor is sized according to Table 250.66.

(8) Grounded Conductor. Where a grounded conductor is installed and the system bonding
jumper connection is not located at the source of the separately derived system,
250.30(A)(8)(a), (A)(8)(b), and (A)(8)(c) shall apply.   

(a)   Routing and Sizing. This conductor shall be routed with the derived phase conductors
and shall not be smaller than the required grounding electrode conductor specified in Table
250.66 but shall not be required to be larger than the largest ungrounded derived phase
conductor. In addition, for phase conductors larger than 1100 kcmil copper or 1750 kcmil
aluminum, the grounded conductor shall not be smaller than 121/2 percent of the area of the
largest derived phase conductor. The grounded conductor of a 3-phase, 3-wire delta system shall
have an ampacity not less than that of the ungrounded conductors.  

(b)   Parallel Conductors. Where the derived phase conductors are installed in parallel, the
size of the grounded conductor shall be based on the total circular mil area of the parallel
conductors, as indicated in this section. Where installed in two or more raceways, the size of the
grounded conductor in each raceway shall be based on the size of the ungrounded conductors in
the raceway but not smaller than 1/0 AWG.   

FPN: See 310.4 for grounded conductors connected in parallel. 

(c)   Impedance Grounded System. The grounded conductor of an impedance grounded
neutral system shall be installed in accordance with 250.36 or 250.186. 

(B) Ungrounded Systems. The equipment of an ungrounded separately derived system shall
be grounded as specified in 250.30(B)(1) and (B)(2).

(1) Grounding Electrode Conductor. A grounding electrode conductor, sized in accordance
with 250.66 for the derived phase conductors, shall be used to connect the metal enclosures of
the derived system to the grounding electrode as specified in 250.30(B)(2). This connection
shall be made at any point on the separately derived system from the source to the first system
disconnecting means.

For ungrounded separately derived systems, a grounding electrode conductor is required to be
connected to the metal enclosure of the system disconnecting means. The grounding electrode
conductor is sized from Table 250.66 based on the largest ungrounded supply conductor. This
connection establishes a reference to ground for all exposed non–current-carrying metal
equipment supplied from the ungrounded system. The equipment grounding conductors of
circuits supplied from the ungrounded system are connected to ground via this grounding
electrode conductor connection.

(2) Grounding Electrode. Except as permitted by 250.34 for portable and vehicle-mounted
generators, the grounding electrode shall comply with 250.30(A)(7).
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250.34 Portable and Vehicle-Mounted Generators.

(A) Portable Generators. The frame of a portable generator shall not be required to be
connected to a grounding electrode as defined in 250.52 for a system supplied by the generator
under the following conditions:     

(1)     The generator supplies only equipment mounted on the generator,
cord-and-plug-connected equipment through receptacles mounted on the generator, or
both, and  

(2)     The normally non–current-carrying metal parts of equipment and the equipment
grounding conductor terminals of the receptacles are connected to the generator frame. 

Portable describes equipment that is easily carried by personnel from one location to another.
Mobile describes equipment, such as vehicle-mounted generators, that is capable of being
moved on wheels or rollers.

The frame of a portable generator is not required to be connected to earth (ground rod, water
pipe, etc.) if the generator has receptacles mounted on the generator panel and the receptacles
have equipment grounding terminals bonded to the generator frame.

(B) Vehicle-Mounted Generators. The frame of a vehicle shall not be required to be
connected to a grounding electrode as defined in 250.52 for a system supplied by a generator
located on this vehicle under the following conditions:  

(1)     The frame of the generator is bonded to the vehicle frame, and  

(2)     The generator supplies only equipment located on the vehicle or
cord-and-plug-connected equipment through receptacles mounted on the vehicle, or both
equipment located on the vehicle and cord-and-plug-connected equipment through
receptacles mounted on the vehicle or on the generator, and 

(3)     The normally non–current-carrying metal parts of equipment and the equipment
grounding conductor terminals of the receptacles are connected to the generator frame. 

Vehicle-mounted generators that provide a neutral conductor and are installed as separately
derived systems supplying equipment and receptacles on the vehicle are required to have the
neutral conductor bonded to the generator frame and to the vehicle frame. The
non–current-carrying parts of the equipment must be bonded to the generator frame.

(C) Grounded Conductor Bonding. A system conductor that is required to be grounded by
250.26 shall be connected to the generator frame where the generator is a component of a
separately derived system.

FPN: For grounding portable generators supplying fixed wiring systems, see 250.20(D).

Portable and vehicle-mounted generators that are installed as separately derived systems and
that provide a neutral conductor (such as 3-phase, 4-wire wye connected; single-phase
240/120 volt; or 3-phase, 4-wire delta connected) are required to have the neutral conductor
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bonded to the generator frame.

250.35 Permanently Installed Generators.

A conductor that provides an effective ground-fault current path shall be installed with the
supply conductors from a permanently installed generator(s) to the first disconnecting mean(s)
in accordance with (A) or (B).

(A) Separately Derived System. Where the generator is installed as a separately derived
system, the requirements in 250.30 shall apply.

(B) Nonseparately Derived System. Where the generator is not installed as a separately
derived system, an equipment bonding jumper shall be installed between the generator
equipment grounding terminal and the equipment grounding terminal or bus of the enclosure of
supplied disconnecting mean(s) in accordance with (B)(1) or (B)(2).

(1) Supply Side of Generator Overcurrent Device. The equipment bonding jumper on the
supply side of each generator overcurrent device shall be sized in accordance with 250.102(C)
based on the size of the conductors supplied by the generator.

(2) Load Side of Generator Overcurrent Device. The equipment grounding conductor on the
load side of each generator overcurrent device shall be sized in accordance with 250.102(D)
based on the rating of the overcurrent device supplied.

Creating a return path for ground-fault current is the objective of this section. Sizing a
conductor to perform this function is dependent on which of the following the generator
supplies:  

1.      A separately derived system; either interfaced with another power source through a
transfer arrangement where the grounded conductor is also switched or used as a
stand-alone power source. If this is the case, the sizing requirement for the equipment
bonding jumper is specified in 250.30(A)(2). 

2.      A system that is not separately derived such as an installation in which the transfer
equipment incorporates a solid neutral. In this arrangement, the method of sizing the
conductor to return ground-fault current is based on the location of the first overcurrent
protective device.

Application Example 1

A 100-kW generator operating at 480Y/277 volts, 3-phase, 4-wire is connected to the
premises wiring via 200-ampere-rated transfer equipment. The transfer equipment has a solid
neutral connection, and thus is not a separately derived system.

Installation A. There is a 125 ampere overcurrent protective device installed at the generator.

STEP 1.

Section 250.35(B)(2) refers to 250.102(D) for sizing load side equipment bonding jumpers.
The minimum size is based on the rating of the overcurrent protective device installed at the
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generator using Table 250.122.

STEP 2.

Table 250.122: 125A OCPD  6 AWG copper or 4 AWG aluminum installed with the
circuit conductors from the generator OCPD to the equipment grounding terminal of the
transfer equipment.

Application Example 2

Installation B. There is no overcurrent protective device installed at the generator. The
conductors terminate in a 125-ampere overcurrent protective device installed in the transfer
equipment. The ungrounded conductors between the output terminals of the generator and the
transfer equipment have been sized in accordance with 445.13 and are 1/0 AWG copper with
THWN insulation.

STEP 1.

Section 250.35(B)(1) refers to 250.102(C) for sizing supply side equipment bonding jumpers.
The minimum size is based on the size of the ungrounded conductors between the generator
and the transfer equipment using Table 250.66.

STEP 2.

Table 250.66: 1/0 AWG ungrounded conductors  6 AWG copper or 4 AWG aluminum
installed with the circuit conductors from the generator output terminals to the equipment
grounding terminal of the transfer equipment.
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400.5 Ampacities for Flexible Cords and Cables.

(A) Ampacity Tables. Table 400.5(A) provides the allowable ampacities, and Table 400.5(B) provides the ampacities for flexible
cords and cables with not more than three current-carrying conductors. These tables shall be used in conjunction with applicable
end-use product standards to ensure selection of the proper size and type. Where cords are used in ambient temperatures exceeding
30°C (86°F), the temperature correction factors from Table 310.16 that correspond to the temperature rating of the cord shall be
applied to the ampacity from Table 400.5(B). Where the number of current-carrying conductors exceeds three, the allowable
ampacity or the ampacity of each conductor shall be reduced from the 3-conductor rating as shown in Table 400.5.

Where power cables are used in an ambient temperature exceeding 30°C (86°F), “correction factors” are to be applied to the Table
400.5(B) cable ampacities. This provision parallels the Article 310 requirements for ampacity correction of single conductors used
in elevated ambient temperatures. In fact, the ambient correction factors that are to be used for power cables are those specified in
Table 310.16. The specific correction factor to be applied is predicated on the temperature rating of the power cable.

Application Example

Section 555.13 permits the use of portable power cable in applications where flexibility is necessary on floating piers, and in this
application a 200-ampere feeder using Type W portable power cable is to be installed to distribution equipment on a floating pier.
The specifications for the project indicate that the design ambient temperature is 95°F. The feeder is rated 208Y/120 volts, 3-phase,
4-wire and, due to the load characteristics, the grounded (neutral) conductor is to be counted as a current-carrying conductor per
400.5(B). The type W portable power cable has copper conductors and a 90°C temperature rating. With this information, the
minimum ampacity for the feeder is determined as follows.

STEP 1.

Determine minimum ampacity for conductors based on application of derating factors. 

Calculated minimum feeder ampacity [includes 215.2(A)(1) and 215.3 increase in size for continuous load] = 200 amperes

Ampacity adjustment factor for 4 current-carrying conductors = 80% of “3 current-carrying conductor (F)” column in Table
400.5.

Temperature correction factor for 95°F ambient = 0.96 from Table 310.16, 90°C column for copper conductors.

200/(0.8 × 0.96) = 260.4 amperes or 260 amperes
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STEP 2.

Select cable. From Table 400.5(B), a 3/0 AWG copper Type W portable power cable has an ampacity of 274 amperes from the
90°C, F column. In accordance with 110.14, the 90°C cable ampacity can be used where it is required to “derate” the cable
ampacity. For this particular installation, both an ambient temperature correction factor and an ampacity adjustment factor for more
than 3 current-carrying conductors in the cable have to be applied.

STEP 3.

Termination analysis. Compliance with the termination temperature requirement of 110.14(C)(1)(b) is met with this 3/0 AWG
cable, since its 75°C ampacity is 241 amperes. It should be noted that compliance with 110.14(C) is based on Table 310.16
conductor ampacities, and the ampacity from that table for a 75°C, 3/0 AWG copper conductor is 200 amperes. Therefore, this
cable with 3/0 conductors operating at 200 amperes (noncontinuous plus continuous loads) is of sufficient physical size to dissipate
the heat occurring at equipment terminations.

The important factor to remember is that the load (200 amperes minus the 25 percent increase for those loads considered to be
continuous) supplied by this cable does not cause the cable to operate at an ampacity greater than that specified in Table 310.16 for
a 75°C, 3/0 AWG copper conductor.

Table 400.5  Adjustment Factors for More Than Three Current-Carrying Conductors in a 
Flexible Cord or Cable

Number of Conductors Percent of Value in Tables 400.5(A) and 400.5(B)
4 – 6 80
7 – 9 70

10 – 20 50
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a 75°C, 3/0 AWG copper conductor.

Table 400.5  Adjustment Factors for More Than Three Current-Carrying Conductors in a 
Flexible Cord or Cable

Number of Conductors Percent of Value in Tables 400.5(A) and 400.5(B)
4 – 6 80
7 – 9 70

10 – 20 50
21 – 30 45
31 – 40 40

41 and above 35

Table 400.5(A)  Allowable Ampacity for Flexible Cords and Cables [Based on Ambient 
Temperature of 30°C (86°F). See 400.13 and Table 400.4.]

Size (AWG)

Thermoset Types C, E, EO, PD, S, SJ, SJO, SJOW, SJOO, 
SJOOW, SO, SOW, SOO, SOOW, SP-1, SP-2, SP-3, 

SRD, SV, SVO, SVOO

Thermoplastic Types 
TPT, TST

Thermoplastic Types ET, ETLB, ETP, ETT, SE, SEW, SEO,
SEOW, SEOOW, SJE, SJEW, SJEO, SJEOW, SJEOOW, SJT,

SJTW, SJTO, SJTOW, SJTOO, SJTOOW, SPE-1, SPE-2, SPE-3,
SPT-1, SPT-1W, SPT-2, SPT-2W, SPT-3, ST, SRDE, SRDT, 

STO, STOW, STOO, STOOW, SVE, SVEO, SVT, SVTO,
SVTOO

Types HPD, 
HPN, HSJ, 

HSJO, HSJOO
Column A+ Column B+

 27* 0.5 — — —
20 — 5** *** —
18 — 7 10 10
17 — 9 12 13
16 — 10 13 15
15  — 12 16 17
 14 — 15 18 20
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Size (AWG)
Thermoplastic Types 

TPT, TST

SEOW, SEOOW, SJE, SJEW, SJEO, SJEOW, SJEOOW, SJT,
SJTW, SJTO, SJTOW, SJTOO, SJTOOW, SPE-1, SPE-2, SPE-3,

SPT-1, SPT-1W, SPT-2, SPT-2W, SPT-3, ST, SRDE, SRDT, 
STO, STOW, STOO, STOOW, SVE, SVEO, SVT, SVTO,

SVTOO

Types HPD, 
HPN, HSJ, 

HSJO, HSJOO

Table 400.5(B)  Ampacity of Cable Types SC, SCE, SCT, PPE, G, G-GC, and W. 
[Based on Ambient Temperature of 30°C (86°F). See Table 400.4.]

Temperature Rating of Cable 
Size (AWG
or kcmil)

60°C (140°F) 75°C (167°F) 90°C (194°F)
D1 E2 F3 D1 E2 F3 D1 E2 F3

12 — 31 26 — 37 31 — 42 35
10 — 44 37 — 52 43 — 59 49
8 60 55 48 70 65 57 80 74 65
6 80 72 63 95 88 77 105 99 87
4 105 96 84 125 115 101 140 130 114
3 120 113 99 145 135 118 165 152 133
2 140 128 112 170 152 133 190 174 152
1 165 150 131 195 178 156 220 202 177

1/0 195 173 151 230 207 181 260 234 205
2/0 225 199 174 265 238 208 300 271 237
3/0 260 230 201 310 275 241 350 313 274
4/0 300 265 232 360 317 277 405 361 316
250 340 296 259 405 354 310 455 402 352
300 375 330 289 445 395 346 505 449 393
350 420 363 318 505 435 381 570 495 433
400 455 392 343 545 469 410 615 535 468
500 515 448 392 620 537 470 700 613 536
600 575 — — 690 — — 780 — —
700 630 — — 755 — — 855 — —
750 655 — — 785 — — 885 — —
800 680 — — 815 — — 920 — —
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Temperature Rating of Cable 
Size (AWG
or kcmil)

60°C (140°F) 75°C (167°F) 90°C (194°F)
D1 E2 F3 D1 E2 F3 D1 E2 F3

900 730 — — 870 — — 985 — —
1000 780 — — 935 — — 1055 — —

1The ampacities under subheading D shall be permitted for single-conductor Types SC, SCE, SCT, PPE, and W cable only where the
individual conductors are not installed in raceways and are not in physical contact with each other except in lengths not to exceed 600 mm
(24 in.) where passing through the wall of an enclosure.
2The ampacities under subheading E apply to two-conductor cables and other multiconductor cables connected to utilization equipment so
that only two conductors are current-carrying.
3The ampacities under subheading F apply to three-conductor cables and other multiconductor cables connected to utilization equipment
so that only three conductors are current-carrying.
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bonded to the generator frame.

ARTICLE 520 Theaters, Audience Areas of Motion Picture and Television Studios,
Performance Areas, and Similar Locations

Summary of Changes

•      520.2: Added definitions for solid-state phase control dimmers and solid-state sine wave
dimmer to differentiate nonlinear and linear solid-state dimmers.

•      520.27(B): Identified the conditions under which the neutral conductor is considered to
be current-carrying based on the type of dimming system.

•      520.53(O)(2): Identified the conditions under which the neutral conductor is considered
to be current-carrying, and added requirements on sizing the neutral conductor based on
the type of dimming system.

I. General

520.1 Scope.

This article covers all buildings or that part of a building or structure, indoor or outdoor,
designed or used for presentation, dramatic, musical, motion picture projection, or similar
purposes and to specific audience seating areas within motion picture or television studios.

The special requirements of Article 520 apply only to that part of a building used as a theater
or for a similar purpose and do not necessarily apply to the entire building.

Application Example

The requirements of Article 520 would apply to an auditorium in a school building used for
dramatic or other performances. The special requirements of this article apply to the stage,
auditorium, dressing rooms, and main corridors leading to the auditorium, but not to other
parts of the building that are not involved in the use of the auditorium for performances or
entertainment. The theater space may be a traditional theater, where the audience sits in the
auditorium (house) facing the proscenium arch and views the performance on the stage on the
other side of the arch, or it may house other spaces, such as a simple stage platform, either
indoors or outdoors, with seats on three or four sides facing the platform.

The audience areas of motion picture and television studios (as defined and covered in Article
530) are also covered by the requirements of Article 520.

520.2 Definitions.

Border Light. A permanently installed overhead strip light.

Breakout Assembly. An adapter used to connect a multipole connector containing two or more
branch circuits to multiple individual branch-circuit connectors.

Bundled. Cables or conductors that are tied, wrapped, taped, or otherwise periodically bound
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together.

Connector Strip. A metal wireway containing pendant or flush receptacles.

Drop Box. A box containing pendant- or flush-mounted receptacles attached to a
multiconductor cable via strain relief or a multipole connector.

Footlight. A border light installed on or in the stage.

Grouped. Cables or conductors positioned adjacent to one another but not in continuous
contact with each other.

Performance Area. The stage and audience seating area associated with a temporary stage
structure, whether indoors or outdoors, constructed of scaffolding, truss, platforms, or similar
devices, that is used for the presentation of theatrical or musical productions or for public
presentations.

Portable Equipment. Equipment fed with portable cords or cables intended to be moved from
one place to another.

Portable Power Distribution Unit. A power distribution box containing receptacles and
overcurrent devices.

Proscenium. The wall and arch that separates the stage from the auditorium (house).

Solid-State Phase-Control Dimmer. A solid-state dimmer where the wave shape of the
steady-state current does not follow the wave shape of the applied voltage, such that the wave
shape is nonlinear.
This definition was added to the 2008 Code. Solid-state phase-control dimmers are nonlinear
devices. Where they are used, nonlinear loading of the neutral conductor occurs, which may
necessitate increasing the size of the neutral conductor.

Solid-State Sine Wave Dimmer. A solid-state dimmer where the wave shape of the
steady-state current follows the wave shape of the applied voltage such that the wave shape is
linear.
This definition was added to the 2008 Code. This new class of dimmer is used by some
professional performance lighting systems. They are solid-state, 3-phase, 4-wire dimming
systems whose wave shape varies with the amplitude of the applied voltage wave-form
without any of the nonlinear switching found in phase-control solid-state dimmers. Because
solid-state sine wave dimmers are linear loads, they do not require the neutral to be
considered as a current-carrying conductor. See Exhibit 520.1.
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Exhibit 520.1  Sine wave dimmer racks of 24 and 48 dimmers (2.4 kW). 
(Courtesy of Electronic Theatre Controls, Inc.)

Stand Lamp (Work Light). A portable stand that contains a general-purpose luminaire or
lampholder with guard for the purpose of providing general illumination on the stage or in the
auditorium.

Strip Light. A luminaire with multiple lamps arranged in a row.

Two-Fer. An adapter cable containing one male plug and two female cord connectors used to
connect two loads to one branch circuit.
A two-fer, as shown in Exhibit 520.2, consists of two cord connectors on separate cords
connected to a single supply cord.
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Exhibit 520.2  A two-fer.

520.3 Motion Picture Projectors.

Motion picture equipment and its installation and use shall comply with Article 540.

520.4 Audio Signal Processing, Amplification, and Reproduction Equipment.

Audio signal processing, amplification, and reproduction equipment and its installation shall
comply with Article 640.

520.5 Wiring Methods.

(A) General. The fixed wiring method shall be metal raceways, nonmetallic raceways encased
in at least 50 mm (2 in.) of concrete, Type MI cable, MC cable, or AC cable containing an
insulated equipment grounding conductor sized in accordance with Table 250.122.

Exception:  Fixed wiring methods shall be as provided in Article 640 for audio signal
processing, amplification, and reproduction equipment, in Article 800 for communication
circuits, in Article 725 for Class 2 and Class 3 remote-control and signaling circuits, and in
Article 760 for fire alarm circuits.

(B) Portable Equipment. The wiring for portable switchboards, stage set lighting, stage
effects, and other wiring not fixed as to location shall be permitted with approved flexible cords
and cables as provided elsewhere in Article 520. Fastening such cables and cords by
uninsulated staples or nailing shall not be permitted.

(C) Nonrated Construction. Nonmetallic-sheathed cable, Type AC cable, electrical
nonmetallic tubing, and rigid nonmetallic conduit shall be permitted to be installed in those
buildings or portions thereof that are not required to be of fire-rated construction by the
applicable building code.

Theaters and similar buildings are usually required to be of fire-rated construction, as
determined by applicable building codes; therefore, the fixed wiring methods are limited. See
518.4 for the requirements on wiring methods.

The exception to the requirements for metal-enclosed or concrete-encased fixed wiring
permits the installation of communications circuits, Class 2 and Class 3 remote-control and
signaling circuits, sound-reproduction wiring, and fire alarm circuits using wiring methods
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from the respective articles covering these systems in Chapters 7 and 8. Where portability,
flexibility, and adjustments are necessary for portable switchboards, stage lighting, and
special effects, suitable cords and cables are permitted. In accordance with 520.5(C), Type
NM cable, Type AC cable, ENT, and RNC are permitted as the wiring method in buildings or
portions of buildings that are not required to be of fire-rated construction. In this application,
Type AC cable is not required to contain an insulated equipment grounding conductor.

520.6 Number of Conductors in Raceway.

The number of conductors permitted in any metal conduit, rigid nonmetallic conduit as
permitted in this article, or electrical metallic tubing for border or stage pocket circuits or for
remote-control conductors shall not exceed the percentage fill shown in Table 1 of Chapter 9.
Where contained within an auxiliary gutter or a wireway, the sum of the cross-sectional areas
of all contained conductors at any cross section shall not exceed 20 percent of the interior
cross-sectional area of the auxiliary gutter or wireway. The 30-conductor limitation of 366.22
and 376.22 shall not apply.

520.7 Enclosing and Guarding Live Parts.

Live parts shall be enclosed or guarded to prevent accidental contact by persons and objects.
All switches shall be of the externally operable type. Dimmers, including rheostats, shall be
placed in cases or cabinets that enclose all live parts.

520.8 Emergency Systems.

Control of emergency systems shall comply with Article 700.

520.9 Branch Circuits.

A branch circuit of any size supplying one or more receptacles shall be permitted to supply
stage set lighting. The voltage rating of the receptacles shall be not less than the circuit voltage.
Receptacle ampere ratings and branch-circuit conductor ampacity shall be not less than the
branch-circuit overcurrent device ampere rating. Table 210.21(B)(2) shall not apply.

The stage set lighting and associated equipment, such as stage effects, both fixed and
portable, must be as flexible as possible. Connectors are often used for different purposes and
are therefore marked on a show-by-show basis to designate the voltage, current, and type of
current actually employed. The provisions of 520.9 require only that connectors be rated
sufficiently for the parameters involved, thus permitting connectors with voltage and current
ratings higher than the branch-circuit rating to be used.

The intent of 520.9 is to exclude the occupancies referenced in Article 520 from all the
general requirements relating to connector rating and branch-circuit loading found elsewhere
in the Code, such as in Table 210.21(B)(2). The requirements of 520.9 modify several other
sections, such as 210.23(C) and (D), which would disallow 40-ampere and larger branch
circuits from serving 5000-watt and larger portable stage lighting equipment found in
theaters.
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Stage set lighting is usually planned in advance, and the loads on each receptacle are known.
Loads are not casually connected, as they might be at a typical general-use wall receptacle.
Care is taken to ensure that circuits are not overloaded, thereby avoiding nuisance tripping
during a performance.

520.10 Portable Equipment.

Portable stage and studio lighting equipment and portable power distribution equipment shall
be permitted for temporary use outdoors, provided the equipment is supervised by qualified
personnel while energized and barriered from the general public.

In accordance with 520.10, portable indoor stage or studio equipment that is not marked as
suitable for wet or damp locations is permitted to be used temporarily in outdoor locations. If
rain occurs, this equipment is typically de-energized, and a protective cover is installed before
it is re-energized. At the end of the day, this equipment is either de-energized and protected or
dismantled and stored.

II. Fixed Stage Switchboards

520.21 Dead Front.

Stage switchboards shall be of the dead-front type and shall comply with Part IV of Article 408
unless approved based on suitability as a stage switchboard as determined by a qualified testing
laboratory and recognized test standards and principles.

Early stage switchboards were vertical marble or slate slabs mounted on the stage near the
proscenium wall, with exposed knife switches and fuseholders mounted on them and with
exposed resistance-type dimmer plates across the top. The “dead front,” “guarded back,” and
“metal hood” requirements of the Code are intended to provide the operator with some sort of
protection from shock and the heat-producing equipment with some sort of protection from
flammable curtains and scenery likely to be above and around the equipment. For these
reasons, modern switchboards are totally enclosed.

520.22 Guarding Back of Switchboard.

Stage switchboards having exposed live parts on the back of such boards shall be enclosed by
the building walls, wire mesh grilles, or by other approved methods. The entrance to this
enclosure shall be by means of a self-closing door.

520.23 Control and Overcurrent Protection of Receptacle Circuits.

Means shall be provided at a stage-lighting switchboard to which load circuits are connected
for overcurrent protection of stage-lighting branch circuits, including branch circuits supplying
stage and auditorium receptacles used for cord-and-plug-connected stage equipment. Where the
stage switchboard contains dimmers to control nonstage lighting, the locating of the
overcurrent protective devices for these branch circuits at the stage switchboard shall be
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permitted.

The purpose of 520.23 is to ensure that the overcurrent protection devices are readily
accessible to stage personnel during the presentation.

520.24 Metal Hood.

A stage switchboard that is not completely enclosed dead-front and dead-rear or recessed into a
wall shall be provided with a metal hood extending the full length of the board to protect all
equipment on the board from falling objects.

Because stages are usually crowded and a great deal of flammable material is often present, a
stage switchboard is not permitted to have exposed live parts on its front. Moreover, the space
at the rear of a stage switchboard must be guarded to prevent entrance or contact by
unqualified and unauthorized persons. One accepted method of accomplishing this is by
enclosing the space between the rear of the switchboard and the wall in a sheet-steel housing
with a door at one end.

520.25 Dimmers.

Dimmers shall comply with 520.25(A) through (D).

(A) Disconnection and Overcurrent Protection. Where dimmers are installed in ungrounded
conductors, each dimmer shall have overcurrent protection not greater than 125 percent of the
dimmer rating and shall be disconnected from all ungrounded conductors when the master or
individual switch or circuit breaker supplying such dimmer is in the open position.

A high-density digital dimmer rack typically contains one dimmer (usually of 20-, 50-, or
100-ampere capacity) for each branch circuit connected to it. The rack is usually serviced by a
3-phase, 4-wire-plus-ground feeder, which is distributed via buses to all dimmers in the rack.
Typical dimmer racks contain between 12 and 96 dimmers and may have total power
capacities of up to 288 kW. In large theatrical systems, many racks may be bused together. A
central control electronics module drives multiple dimmers in the rack. A digital data link
may connect the dimmer rack to the remotely located computer control console. Exhibit 520.3
shows a high-density digital SCR dimmer switchboard, and Exhibit 520.4 shows its schematic
diagram.



Copyright © 2008, National Fire Protection Association®. All Rights Reserved

 

Exhibit 520.3  A typical high-density digital SCR dimmer switchboard. 
(Courtesy of Electronic Theatre Controls, Inc.)

 

Exhibit 520.4  Schematic diagram of a typical high-density SCR dimmer switchboard. 
(Redrawn courtesy of Production Resource Group)

(B) Resistance- or Reactor-Type Dimmers. Resistance- or series reactor-type dimmers shall
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be permitted to be placed in either the grounded or the ungrounded conductor of the circuit.
Where designed to open either the supply circuit to the dimmer or the circuit controlled by it,
the dimmer shall then comply with 404.2(B). Resistance- or reactor-type dimmers placed in the
grounded neutral conductor of the circuit shall not open the circuit.

(C) Autotransformer-Type Dimmers. The circuit supplying an autotransformer-type dimmer
shall not exceed 150 volts between conductors. The grounded conductor shall be common to
the input and output circuits.

FPN: See 210.9 for circuits derived from autotransformers.

Circuits supplying autotransformer-type dimmers are not permitted to exceed 150 volts
between conductors. Any desired voltage may be applied to the lamps, from full-line voltage
to voltage so low that the lamps provide no illumination, by means of a movable contact tap.
Typical connections for an autotransformer-type dimmer are shown in Exhibit 520.5. This
type of dimmer produces very little heat and operates at high efficiency. Its dimming effect,
within its maximum rating, is independent of the wattage of the load. Autotransformer-type
dimmers are currently seldom used. See the commentary that follows 470.1, which discusses
saturable reactors that are sometimes used for stage dimmers.

 

Exhibit 520.5  Typical connections for an autotransformer-type dimmer.

(D) Solid-State-Type Dimmers. The circuit supplying a solid-state dimmer shall not exceed
150 volts between conductors unless the dimmer is listed specifically for higher voltage
operation. Where a grounded conductor supplies a dimmer, it shall be common to the input and
output circuits. Dimmer chassis shall be connected to the equipment grounding conductor.

Modern stage switchboards are usually of the remote-control type. The switchboard is
operated from a remote console, typically a computer system such as the one shown in
Exhibit 520.6. The switchboard or dimmer rack is normally located offstage in a dimmer
room, where proper climate control can be furnished and noise from the rack cooling fans
does not interfere with the performance onstage. Branch circuits are usually connected to the
dimmer rack on a dimmer-per-circuit basis. A digital control cable connects the computer and
the dimmer rack, allowing the operator to be positioned on stage or in the auditorium for easy
viewing of the performance.
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Exhibit 520.6  An electronic computer lighting control console for remotely controlling
solid-state-type dimmers. (Courtesy of Electronic Theatre Controls, Inc.)

A front view of a typical high-density digital SCR dimmer rack is shown in Exhibit 520.3. A
schematic for this type of dimmer rack is shown in Exhibit 520.4. Dimmers for individual
circuits are contained in dual plug-in dimmer modules. These modules also contain circuit
breakers for overcurrent protection and filter chokes to eliminate acoustic noise from the lamp
filaments. The digital control electronics are contained in a plug-in module with front-panel
controls for configuration and testing.

520.26 Type of Switchboard.

A stage switchboard shall be either one or a combination of the types specified in 520.26(A),
(B), and (C).

(A) Manual. Dimmers and switches are operated by handles mechanically linked to the control
devices.

Manual-type switchboards usually contain resistance-type or autotransformer-type dimmers.
Exhibit 520.4 is a schematic of a manual autotransformer-type dimmer.

(B) Remotely Controlled. Devices are operated electrically from a pilot-type control console
or panel. Pilot control panels either shall be part of the switchboard or shall be permitted to be
at another location.

(C) Intermediate. A stage switchboard with circuit interconnections is a secondary
switchboard (patch panel) or panelboard remote to the primary stage switchboard. It shall
contain overcurrent protection. Where the required branch-circuit overcurrent protection is
provided in the dimmer panel, it shall be permitted to be omitted from the intermediate
switchboard.
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An intermediate stage switchboard, usually called a patch panel, is located between the
dimmer switchboard and the branch circuits. Its purpose is to break down larger dimmer
circuits to smaller branch circuits, to select the branch circuits to be controlled by a dimmer,
or both.

520.27 Stage Switchboard Feeders.

(A) Type of Feeder. Feeders supplying stage switchboards shall be one of the types in
520.27(A)(1) through (A)(3).

(1) Single Feeder. A single feeder disconnected by a single disconnect device.

(2) Multiple Feeders to Intermediate Stage Switchboard (Patch Panel). Multiple feeders of
unlimited quantity shall be permitted, provided that all multiple feeders are part of a single
system. Where combined, neutral conductors in a given raceway shall be of sufficient ampacity
to carry the maximum unbalanced current supplied by multiple feeder conductors in the same
raceway, but they need not be greater than the ampacity of the neutral conductor supplying the
primary stage switchboard. Parallel neutral conductors shall comply with 310.4.

The feeders to patch panels are often many dimmer-controlled circuits at 100 amperes or less,
single phase, so they can be distributed to different combinations of the same size or smaller
branch circuits. This type of installation usually requires a common neutral, and because of
the quantity of circuits, many installations require several parallel neutrals running in several
raceways. Generally, these parallel neutrals are sized as follows: 

1. Size the common neutral to the feeder of the primary switchboard.
2. Split this neutral into multiple parallel conductors, one per raceway.
3. Equally divide, per phase, and size each ungrounded conductor of the many single-phase

circuits among the raceways.
In no case is it acceptable to install the ungrounded conductors in one raceway and the
common neutral in another.

(3) Separate Feeders to Single Primary Stage Switchboard (Dimmer Bank). Installations
with separate feeders to a single primary stage switchboard shall have a disconnecting means
for each feeder. The primary stage switchboard shall have a permanent and obvious label
stating the number and location of disconnecting means. If the disconnecting means are located
in more than one distribution switchboard, the primary stage switchboard shall be provided
with barriers to correspond with these multiple locations.

Larger primary stage switchboards usually consist of several sections, often called dimmer
racks, which form a dimmer bank. See Exhibit 520.3. These dimmer racks may be fed
separately or may be bused together to accept one or more feeder circuits. If an intermediate
stage switchboard is connected to a primary stage switchboard, a single large feeder usually
supplies the primary stage switchboard, because the intermediate stage switchboard patches
only the ungrounded conductors and requires a common neutral. Modern theaters do not use
intermediate stage switchboards, and dimmer banks may have one or several feeders.
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(B) Neutral Conductor. For the purpose of derating, the following shall apply:   

(1)     The neutral conductor of feeders supplying solid-state, phase-control 3-phase, 4-wire
dimming systems shall be considered a current-carrying conductor.  

(2)     The neutral conductor of feeders supplying solid-state, sine wave 3-phase, 4-wire
dimming systems shall not be considered a current-carrying conductor.  

(3)     The neutral conductor of feeders supplying systems that use or may use both
phase-control and sine wave dimmers shall be considered as current-carrying. 

Section 520.27(B) was revised for the 2008 Code. Because many of the new dimmers are the
solid-state sine-wave type, it is not necessary to consider the neutral as a current-carrying
conductor in every instance. If the sine-wave-type dimmer is the only type in use, the neutral
of the circuits supplying it need not be considered as a current-carrying conductor. If
phase-control dimmers are used, or if combinations of phase-control and sine-wave-type
dimmers are connected to the same feeder or branch circuit, the neutral conductor must be
considered as a current-carrying conductor.

(C) Supply Capacity. For the purposes of calculating supply capacity to switchboards, it shall
be permissible to consider the maximum load that the switchboard is intended to control in a
given installation, provided that the following apply:  

(1)     All feeders supplying the switchboard shall be protected by an overcurrent device with a
rating not greater than the ampacity of the feeder. 

(2)     The opening of the overcurrent device shall not affect the proper operation of the egress
or emergency lighting systems.

FPN: For calculation of stage switchboard feeder loads, see 220.40.

The feeder for single, primary stage switchboards is sized in accordance with the maximum
load the switchboard is intended to control for a specific location. The feeder(s) must be
protected by an overcurrent device that has a rating not greater than the feeder ampacity.
Operation of the overcurrent device is not allowed to have any effect on egress or emergency
lighting systems. The neutral of feeders supplying solid-state, 3-phase, 4-wire dimming
systems carries third-harmonic currents that are present even under balanced load conditions.

III. Fixed Stage Equipment Other Than Switchboards

520.41 Circuit Loads.

(A) Circuits Rated 20 Amperes or Less. Footlights, border lights, and proscenium sidelights
shall be arranged so that no branch circuit supplying such equipment carries a load exceeding
20 amperes.

(B) Circuits Rated Greater Than 20 Amperes. Where only heavy-duty  lampholders are
used, such circuits shall be permitted to comply with Article 210 for circuits supplying
heavy-duty lampholders.
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In accordance with 210.23(B) and (C), 30-, 40-, or 50-ampere branch circuits are permitted if
heavy-duty lampholders, such as medium- or mogul-base Edison screw shell types, are used
for fixed lighting.

520.42 Conductor Insulation.

Foot, border, proscenium, or portable strip lights and connector strips shall be wired with
conductors that have insulation suitable for the temperature at which the conductors are
operated, but not less than 125°C (257°F). The ampacity of the 125°C (257°F) conductors shall
be that of 60°C (140°F) conductors. All drops from connector strips shall be 90°C (194°F) wire
sized to the ampacity of 60°C (140°F) cords and cables with no more than 150 mm (6 in.) of
conductor extending into the connector strip. Section 310.15(B)(2)(a) shall not apply.

FPN: See Table 310.13(A) for conductor types.

The 125°C minimum temperature rating required by 520.42 is based on the heat from the
lamps raising the ambient temperature in which the wiring is located. Drops from connector
strips are usually flexible cord. Although the 90°C-rated cord is also in the higher ambient, it
is not in sufficient contact with other circuits that might also heat it. The derating factors of
310.15(B)(2)(a) are judged unnecessary because the conductors are not all energized at one
time, are not often energized at full intensity (dimmed), and are not energized continuously.

520.43 Footlights.

(A) Metal Trough Construction. Where metal trough construction is employed for footlights,
the trough containing the circuit conductors shall be made of sheet metal not lighter than 0.81
mm (0.032 in.) and treated to prevent oxidation. Lampholder terminals shall be kept at least 13
mm (1/2 in.) from the metal of the trough. The circuit conductors shall be soldered to the
lampholder terminals.

(B) Other-Than-Metal Trough Construction. Where the metal trough construction specified
in 520.43(A) is not used, footlights shall consist of individual outlets with lampholders wired
with rigid metal conduit, intermediate metal conduit, or flexible metal conduit, Type MC cable,
or mineral-insulated, metal-sheathed cable. The circuit conductors shall be soldered to the
lampholder terminals.

(C) Disappearing Footlights. Disappearing footlights shall be arranged so that the current
supply is automatically disconnected when the footlights are replaced in the storage recesses
designed for them.

The footlights described in 520.43(A) and (B) are generally obsolete units that were built in
the field. Modern footlights are compartmentalized, factory-wired assemblies for field
installation, as shown in Exhibit 520.7. Footlight assemblies may be permanently exposed or
be of the disappearing type. Disappearing footlights are arranged to automatically disconnect
the current supply when the footlights are in the closed position, thereby preventing heat
entrapment that could cause a fire. Disconnection is accomplished by mercury switches in the
terminal compartment.
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Exhibit 520.7  Disappearing footlights.

520.44 Borders and Proscenium Sidelights.

(A) General. Borders and proscenium sidelights shall be as follows:   

(1)     Constructed as specified in 520.43 

(2)     Suitably stayed and supported 

(3)     Designed so that the flanges of the reflectors or other adequate guards protect the lamps
from mechanical damage and from accidental contact with scenery or other combustible
material

Exhibit 520.8 shows a modern border light installed over a stage, and Exhibit 520.9 is a
cross-sectional view that illustrates construction details. This particular border light is
designed for 200-watt lamps. To obtain the highest illumination efficiency, each lamp is
provided with its own reflector, to which is fitted a glass roundel, available in any color.
Commonly, lampholders are wired alternately on three or four circuits. A splice box is
provided on top of the housing for enclosing connections between the cable supplying the
border light and the border light's internal wiring, which consists of wiring from the splice
box to the lamp sockets in a trough extending the length of the border.

 

Exhibit 520.8  A suspended border light assembly for installation over a stage.

(B) Cords and Cables for Border Lights.

(1) General. Cords and cables for supply to border lights shall be listed for extra-hard usage.
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The cords and cables shall be suitably supported. Such cords and cables shall be employed only
where flexible conductors are necessary. Ampacity of the conductors shall be as provided in
400.5.

To facilitate height adjustment for cleaning and lamp replacement, border lights are usually
supported by steel cables, as shown in Exhibit 520.9. Therefore, the circuit conductors
supplying the border lights must be carried to each border light in a flexible cable. Each of
these flexible cables usually contains many circuits; however, its overall size is limited by its
ability to travel up and down without getting tangled.

 

Exhibit 520.9  A cross-sectional view of a typical light in the border light assembly
shown in Exhibit 520.7.

(2) Cords and Cables Not in Contact with Heat-Producing Equipment. Listed
multiconductor extra-hard-usage-type cords and cables not in direct contact with equipment
containing heat-producing elements shall be permitted to have their ampacity determined by
Table 520.44. Maximum load current in any conductor with an ampacity determined by Table
520.44 shall not exceed the values in Table 520.44.

The provisions of 520.44(B)(2) permit extra-hard-usage cords not in direct contact with
heat-producing equipment to have their ampacity determined by Table 520.44 instead of
Table 400.5.

Table 520.44 is based on a minimum 50 percent diversity factor. It also makes allowance for
the fact that not all circuits are on at the same time, not all circuits are at full intensity
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(dimmed), and not all circuits are on for a long period of time. If the load diversity does not
follow this pattern, such as border lights that are all left on at full intensity to light the stage
for rehearsal, lecture, or classroom purposes, Table 520.44 must not be used.

Table 520.44  Ampacity of Listed Extra-Hard-Usage Cords and Cables with Temperature
Ratings of 75°C (167°F) and 90°C (194°F)* [Based on Ambient Temperature of 30°C

(86°F)]

Size (AWG)
Temperature Rating of  Cords and Cables Maximum Rating of

Overcurrent Device 75°C (167°F) 90°C (194°F) 
14 24 28 15
12 32 35 20
10 41 47 25
8 57 65 35
6 77 87 45
4 101 114 60
2 133 152 80

* Ampacity shown is the ampacity for multiconductor cords and cables where only three copper
conductors are current-carrying as described in 400.5. If the number of current-carrying conductors in a
cord or cable exceeds three and the load diversity factor is a minimum of 50 percent, the ampacity of each
conductor shall be reduced as shown in the following table:

Number of Conductors Percent of Ampacity
4–6 80

7–24 70
25–42 60

43 and above 50
Note: Ultimate insulation temperature. In no case shall conductors be associated together in such a way
with respect to the kind of circuit, the wiring method used, or the number of conductors such that the
temperature limit of the conductors is exceeded.
 A neutral conductor that carries only the unbalanced current from other conductors of the same circuit
need not be considered as a current-carrying conductor.
 In a 3-wire circuit consisting of two phase conductors and the neutral conductor of a 4-wire, 3-phase,
wye-connected system, the neutral conductor carries approximately the same current as the line-to-neutral
currents of the other conductors and shall be considered to be a current-carrying conductor.
 On a 4-wire, 3-phase, wye circuit where the major portion of the load consists of nonlinear loads such as
electric-discharge lighting, electronic computer/data processing, or similar equipment, there are harmonic
currents present in the neutral conductor, and the neutral conductor shall be considered to be a
current-carrying conductor.

520.45 Receptacles.

Receptacles for electrical equipment on stages shall be rated in amperes. Conductors supplying
receptacles shall be in accordance with Articles 310 and 400.

520.46 Connector Strips, Drop Boxes, Floor Pockets, and Other Outlet Enclosures.

Receptacles for the connection of portable stage-lighting equipment shall be pendant or
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mounted in suitable pockets or enclosures and shall comply with 520.45. Supply cables for
connector strips and drop boxes shall be as specified in 520.44(B).

Exhibit 520.10 shows a hanging connector strip with its associated border light cable. Border
lights are hung and supplied in a similar manner. Exhibits 520.10, 520.11, and 520.12
illustrate different types of connections for portable stage lighting equipment.

Exhibit 520.10  A suspended connector strip with border light cable attached.

 

Exhibit 520.11  A 4-gang, 4-receptacle pin-plug outlet box designed for flush mounting. 
(Courtesy of Electronic Theatre Controls, Inc.)
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Exhibit 520.12  A typical three-circuit connector strip designed for wall or pipe
mounting. 

(Courtesy of Electronic Theatre Controls, Inc.)

520.47 Backstage Lamps (Bare Bulbs).

Lamps (bare bulbs) installed in backstage and ancillary areas where they can come in contact
with scenery shall be located and guarded so as to be free from physical damage and shall
provide an air space of not less than 50 mm (2 in.) between such lamps and any combustible
material.

Exception:  Decorative lamps installed in scenery shall not be considered to be backstage
lamps for the purpose of this section.

520.48 Curtain Machines.

Curtain machines shall be listed.

520.49 Smoke Ventilator Control.

Where stage smoke ventilators are released by an electrical device, the circuit operating the
device shall be normally closed and shall be controlled by at least two externally operable
switches, one switch being placed at a readily accessible location on stage and the other where
designated by the authority having jurisdiction. The device shall be designed for the full
voltage of the circuit to which it is connected, no resistance being inserted. The device shall be
located in the loft above the scenery and shall be enclosed in a suitable metal box having a
tight, self-closing door.

In addition to the control of smoke ventilators from two externally operable switches at
different locations, the design of a normally closed circuit ensures that smoke ventilators
operate when the circuit opens for any reason, such as a circuit breaker tripping or a fuse
blowing.

IV. Portable Switchboards on Stage
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520.50 Road Show Connection Panel (A Type of Patch Panel).

A panel designed to allow for road show connection of portable stage switchboards to fixed
lighting outlets by means of permanently installed supplementary circuits. The panel,
supplementary circuits, and outlets shall comply with 520.50(A) through (D).

Also known as a road show interconnect or intercept panel, a road show connection panel is
designed to connect the load side of a portable switchboard to the fixed building branch
circuits and associated outlets. It may also provide for the fixed branch circuits to be
connected to a fixed switchboard when the portable switchboard is not installed.

(A) Load Circuits. Circuits shall terminate in grounding-type polarized inlets of current and
voltage rating that match the fixed-load receptacle.

Grounding-type polarized inlets may be flush or pendant. The fixed-load receptacle is on the
other end of the branch circuit that emanates from the panel.

(B) Circuit Transfer. Circuits that are transferred between fixed and portable switchboards
shall have all circuit conductors transferred simultaneously.

In accordance with 520.50(B), simultaneous transfer of all conductors of the circuit, including
any grounded conductors, is required.

(C) Overcurrent Protection. The supply devices of these supplementary circuits shall be
protected by branch-circuit overcurrent protective devices. The individual supplementary
circuit, within the road show connection panel and theater, shall be protected by branch-circuit
overcurrent protective devices of suitable ampacity installed within the road show connection
panel.

The branch-circuit overcurrent protection normally should be in the switchboard, but because
some older units do not have this protection, backup overcurrent protection is provided by
520.50(C).

(D) Enclosure. Panel construction shall be in accordance with Article 408.

520.51 Supply.

Portable switchboards shall be supplied only from power outlets of sufficient voltage and
ampere rating. Such power outlets shall include only externally operable, enclosed fused
switches or circuit breakers mounted on stage or at the permanent switchboard in locations
readily accessible from the stage floor. Provisions for connection of an equipment grounding
conductor shall be provided. For the purposes of conductor derating, the requirements of
520.27(B) shall apply.

Power outlets, known in the entertainment industry as company switches or bull switches, are
the point in the wiring system where portable feeder cables connect to the fixed building
wiring. They may be as simple as an overcurrent-protected multipole receptacle designed to
accept the supply cable described in 520.53(P), Exception, or they may be multiple sets of
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parallel single-conductor feeder cables. These single-conductor feeder cables, as described in
520.53(H), may be terminated via single-pole separable connectors, as described in
520.53(K), or directly to busbars, fused disconnect switches, or circuit breakers with wire
connectors (lugs).

520.52 Overcurrent Protection.

Circuits from portable switchboards directly supplying equipment containing incandescent
lamps of not over 300 watts shall be protected by overcurrent protective devices having a rating
or setting of not over 20 amperes. Circuits for lampholders over 300 watts shall be permitted
where overcurrent protection complies with Article 210.

520.53 Construction and Feeders.

Portable switchboards and feeders for use on stages shall comply with 520.53(A) through (P).

See Exhibit 520.13 for an example of a portable switchboard.

 

Exhibit 520.13  A large, portable SCR dimmer switchboard (rolling rack). 
(Courtesy of Electronic Theatre Controls, Inc.)

(A) Enclosure. Portable switchboards shall be placed within an enclosure of substantial
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construction, which shall be permitted to be arranged so that the enclosure is open during
operation. Enclosures of wood shall be completely lined with sheet metal of not less than 0.51
mm (0.020 in.) and shall be well galvanized, enameled, or otherwise properly coated to prevent
corrosion or be of a corrosion-resistant material.

(B) Energized Parts. There shall not be exposed energized parts within the enclosure.

(C) Switches and Circuit Breakers. All switches and circuit breakers shall be of the
externally operable, enclosed type.

(D) Circuit Protection. Overcurrent devices shall be provided in each ungrounded conductor
of every circuit supplied through the switchboard. Enclosures shall be provided for all
overcurrent devices in addition to the switchboard enclosure.

(E) Dimmers. The terminals of dimmers shall be provided with enclosures, and dimmer
faceplates shall be arranged such that accidental contact cannot be readily made with the
faceplate contacts.

(F) Interior Conductors.

(1) Type. All conductors other than busbars within the switchboard enclosure shall be stranded.
Conductors shall be approved for an operating temperature at least equal to the approved
operating temperature of the dimming devices used in the switchboard and in no case less than
the following:   

(1)     Resistance-type dimmers — 200°C (392°F); or 

(2)     Reactor-type, autotransformer, and solid-state dimmers — 125°C (257°F)

All control wiring shall comply with Article 725.

(2) Protection. Each conductor shall have an ampacity not less than the rating of the circuit
breaker, switch, or fuse that it supplies. Circuit interrupting and bus bracing shall be in
accordance with 110.9 and 110.10. The short-circuit current rating shall be marked on the
switchboard.

Conductors shall be enclosed in metal wireways or shall be securely fastened in position and
shall be bushed where they pass through metal.

(G) Pilot Light. A pilot light shall be provided within the enclosure and shall be connected to
the circuit supplying the board so that the opening of the master switch does not cut off the
supply to the lamp. This lamp shall be on an individual branch circuit having overcurrent
protection rated or set at not over 15 amperes.

Section 520.53(G) applies only to switchboards with a main disconnect, if provided, on the
switchboard. The pilot light serves as a warning at the switchboard that indicates the presence
of power before the main disconnect is activated.

(H) Supply Conductors.

(1) General. The supply to a portable switchboard shall be by means of listed extra-hard usage

Jwilli
Highlight
The supply to a portable switchboard shall be by means of listed extra-hard usage



Copyright © 2008, National Fire Protection Association®. All Rights Reserved

cords or cables. The supply cords or cable shall terminate within the switchboard enclosure, in
an externally operable fused master switch or circuit breaker or in a connector assembly
identified for the purpose. The supply cords or cable (and connector assembly) shall have
sufficient ampacity to carry the total load connected to the switchboard and shall be protected
by overcurrent devices.

As with the supply end described in 520.51, the connection described in 520.53(H)(1) may be
as simple as a permanently terminated multiconductor supply cord or multipole connector
assembly (inlet) or as complex as a set of parallel single-conductor feeder cables. These
cables may be field-connected to an assembly of single-pole connectors (inlet) or directly
connected, with wire connectors, to busbars or a fused switch or breaker.

Section 520.53(H)(1) permits road shows with fixed lighting plans to size the feeder to the
actual connected load.

(2) Single-Conductor Cables. Single-conductor portable supply cable sets shall be not smaller
than 2 AWG conductors. The equipment grounding conductor shall not be smaller than 6 AWG
conductor. Single-conductor grounded neutral cables for a supply shall be sized in accordance
with 520.53(O)(2). Where single conductors are paralleled for increased ampacity, the
paralleled conductors shall be of the same length and size. Single-conductor supply cables shall
be grouped together but not bundled. The equipment grounding conductor shall be permitted to
be of a different type, provided it meets the other requirements of this section, and it shall be
permitted to be reduced in size as permitted by 250.122. Grounded (neutral) and equipment
grounding conductors shall be identified in accordance with 200.6, 250.119, and 310.12.
Grounded conductors shall be permitted to be identified by marking at least the first 150 mm (6
in.) from both ends of each length of conductor with white or gray. Equipment grounding
conductors shall be permitted to be identified by marking at least the first 150 mm (6 in.) from
both ends of each length of conductor with green or green with yellow stripes. Where more
than one nominal voltage exists within the same premises, each ungrounded conductor shall be
identified by system.

(3) Supply Conductors Not Over 3.0 m (10 ft) Long. Where supply conductors do not exceed
3.0 m (10 ft) in length between supply and switchboard or supply and a subsequent overcurrent
device, the supply conductors shall be permitted to be reduced in size where all of the
following conditions are met:   

(1)     The ampacity of the supply conductors shall be at least one-quarter of the ampacity of the
supply overcurrent protection device. 

(2)     The supply conductors shall terminate in a single overcurrent protection device that will
limit the load to the ampacity of the supply conductors. This single overcurrent device
shall be permitted to supply additional overcurrent devices on its load side. 

(3)     The supply conductors shall not penetrate walls, floors, or ceilings or be run through
doors or traffic areas. The supply conductors shall be adequately protected from physical
damage. 
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(4)     The supply conductors shall be suitably terminated in an approved manner. 

(5)     Conductors shall be continuous without splices or connectors.  

(6)     Conductors shall not be bundled. 

(7)     Conductors shall be supported above the floor in an approved manner.

(4) Supply Conductors Not Over 6.0 m (20 ft) Long. Where supply conductors do not exceed
6.0 m (20 ft) in length between supply and switchboard or supply and a subsequent overcurrent
protection device, the supply conductors shall be permitted to be reduced in size where all of
the following conditions are met:   

(1)     The ampacity of the supply conductors shall be at least one-half of the ampacity of the
supply overcurrent protection device. 

(2)     The supply conductors shall terminate in a single overcurrent protection device that limits
the load to the ampacity of the supply conductors. This single overcurrent device shall be
permitted to supply additional overcurrent devices on its load side. 

(3)     The supply conductors shall not penetrate walls, floors, or ceilings or be run through
doors or traffic areas. The supply conductors shall be adequately protected from physical
damage. 

(4)     The supply conductors shall be suitably terminated in an approved manner. 

(5)     The supply conductors shall be supported in an approved manner at least 2.1 m (7 ft)
above the floor except at terminations. 

(6)     The supply conductors shall not be bundled. 

(7)     Tap conductors shall be in unbroken lengths.

Loads of 144 kVA and greater are not uncommon, even on portable switchboard equipment.
Installations in the field include lighting for theatrical-type productions with large numbers of
stage lighting fixtures. However, only a fraction of the many fixtures installed are used at any
one time. The intent of 520.53(H)(3) and (H)(4) is that the supply conductors be sized
according to their overcurrent protection, not by the total connected load. These requirements
are similar to the requirements for taps found in 240.21.

The tap rules of 520.53(H)(3) and (H)(4) are designed to allow one or more switchboards
with smaller feeders to be connected to larger supplies (company switches). If these “rules”
are not complied with, proper overcurrent protection devices, either fixed or portable, must be
provided for each of the smaller switchboards.

The purpose of requiring that conductors not be bundled is so that column D of Table
400.5(B) can be employed. If the conductors were bundled, column F and all applicable
derating factors would apply. Most devices used in the theater to terminate single-conductor
cables are rated for use at 90°C ampacity. However, if single-conductor cables are terminated
directly to a circuit breaker or fused switch, a 75°C ampacity or lower most likely would
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apply.

(5) Supply Conductors Not Reduced in Size. Supply conductors not reduced in size under
provisions of 520.53(H)(3) or (H)(4) shall be permitted to pass through holes in walls
specifically designed for the purpose. If penetration is through the fire-resistant–rated wall, it
shall be in accordance with 300.21.

(I) Cable Arrangement. Cables shall be protected by bushings where they pass through
enclosures and shall be arranged so that tension on the cable is not transmitted to the
connections. Where power conductors pass through metal, the requirements of 300.20 shall
apply.

Tension on the connections is removed by using conventional strain relief devices or, often,
by lashing the cable to the enclosure with rope.

(J) Number of Supply Interconnections. Where connectors are used in a supply conductor,
there shall be a maximum number of three interconnections (mated connector pairs) where the
total length from supply to switchboard does not exceed 30 m (100 ft). In cases where the total
length from supply to switchboard exceeds 30 m (100 ft), one additional interconnection shall
be permitted for each additional 30 m (100 ft) of supply conductor.

The addition of excessive numbers of interconnections could jeopardize the mechanical and
electrical integrity of the supply conductors.

(K) Single-Pole Separable Connectors. Where single-pole portable cable connectors are used,
they shall be listed and of the locking type. Sections 400.10, 406.6, and 406.7 shall not apply to
listed single-pole separable connectors and single-conductor cable assemblies utilizing listed
single-pole separable connectors. Where paralleled sets of current-carrying, single-pole
separable connectors are provided as input devices, they shall be prominently labeled with a
warning indicating the presence of internal parallel connections. The use of single-pole
separable connectors shall comply with at least one of the following conditions:   

(1)     Connection and disconnection of connectors are possible only where the supply
connectors are interlocked to the source and it is not possible to connect or disconnect
connectors when the supply is energized. 

(2)     Line connectors are of the listed sequential-interlocking type so that load connectors shall
be connected in the following sequence:   

a.     Equipment grounding conductor connection 

b.   Grounded circuit conductor connection, if provided 

c.     Ungrounded conductor connection, and that disconnection shall be in the reverse
order 

(3)     A caution notice shall be provided adjacent to the line connectors indicating that plug
connection shall be in the following order:   

a.     Equipment grounding conductor connectors 
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b.   Grounded circuit conductor connectors, if provided 

c.     Ungrounded conductor connectors, and that disconnection shall be in the reverse
order

Section 520.53(K) provides for a special type of connection device suitable for connecting
single-conductor feeder cables. The connection device must be listed and of the locking type,
reducing the likelihood of its separating while under load. The connectors must be used in
sets because they are only single-pole types. It is important that the grounding conductor be
connected first and disconnected last and that the grounded conductor be connected
next-to-first and disconnected next-to-last. The connector sets must be arranged so as to
reduce the likelihood that connections are made in the incorrect order, in accordance with one
of the following methods: 

1. A scheme whereby the main disconnect cannot be energized until all conductors are
connected

2. A scheme whereby the connectors are precluded from being connected in any order other
than the proper one

3. A scheme whereby the individual connectors, free of any special electromechanical
intervention, are marked with instructions to the user regarding proper connection

Single-pole separable connectors are quick-connect feeder splicing and terminating devices,
not attachment plugs or receptacles. They are designed to be sized, terminated, and inspected
by a qualified person before being energized and are to be guarded from accidental
disconnection before being de-energized.

(L) Protection of Supply Conductors and Connectors. All supply conductors and connectors
shall be protected against physical damage by an approved means. This protection shall not be
required to be raceways.

Rubber mats and commercially available rubber bridges often are used for the protection of
supply conductors and connectors.

(M) Flanged Surface Inlets. Flanged surface inlets (recessed plugs) that are used to accept the
power shall be rated in amperes.

(N) Terminals. Terminals to which stage cables are connected shall be located so as to permit
convenient access to the terminals.

The requirement in 520.53(N) facilitates the field connection and disconnection of the large
feeder cables as a show travels from place to place.

(O) Neutral Conductor.

(1) Neutral Terminal. In portable switchboard equipment designed for use with 3-phase,
4-wire with ground supply, the supply neutral terminal, its associated busbar, or equivalent
wiring, or both, shall have an ampacity equal to at least twice the ampacity of the largest
ungrounded supply terminal.
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Exception:  Where portable switchboard equipment is specifically constructed and identified to
be internally converted in the field, in an approved manner, from use with a balanced 3-phase,
4-wire with ground supply to a balanced single-phase, 3-wire with ground supply, the supply
neutral terminal and its associated busbar, equivalent wiring, or both, shall have an ampacity
equal to at least that of the largest ungrounded single-phase supply terminal.

(2) Supply Neutral Conductor. The power supply conductors for portable switchboards
utilizing solid-state phase-control dimmers shall be sized considering the neutral conductor as a
current-carrying conductor for derating purposes. The power supply conductors for portable
switchboards utilizing only solid-state sine wave dimmers shall be sized considering the neutral
conductor as a non–current-carrying conductor for derating purposes. Where single-conductor
feeder cables, not installed in raceways, are used on multiphase circuits feeding portable
switchboards containing solid-state phase-control dimmers, the neutral conductor shall have an
ampacity of at least 130 percent of the ungrounded circuit conductors feeding the portable
switchboard. Where such feeders are supplying only solid-state sine wave dimmers, the neutral
conductor shall have an ampacity of at least 100 percent of the ungrounded circuit conductors
feeding the portable switchboard.

Section 520.53(O)(1) requires careful study because overlapping concepts are involved. If a
3-phase, 4-wire switchboard of any kind is brought into a space that has only single-phase,
3-wire service, the switchboard most likely will be connected with two phases to one leg and
one phase to the other. This connection could double the current flowing through the neutral,
so the neutral must be double size to allow for that possibility. The exception to 520.53(O)(1)
provides for a smaller neutral sized for the single-phase feed where a switchboard contains
switching devices that can divide the B-phase load equally between the A-phase and C-phase
buses for single-phase operation.

Additionally, 3-phase, 4-wire switchboards that contain solid-state phase-control dimming
devices must, when connected to a 3-phase, 4-wire supply, be connected to that supply with a
multiconductor cable sized by counting the neutral as a current-carrying conductor or with a
set of single-conductor cables where the neutral is sized 130 percent greater than the phases.

Application Example

A 3-phase, 4-wire switchboard containing six 50-ampere SCR dimmers (100 amperes per
phase) without a reassignment switching system would have to have a 200-ampere neutral. (A
single-phase, 3-wire-only switchboard would not have to meet this special requirement.) This
200 percent rule would cover all the components making up the neutral conductor system
inside or permanently attached to the switchboard, to allow for a full-size, single-phase,
3-wire feed when two of the 3-phase, 4-wire phase conductors are terminated to one
single-phase, 3-wire leg. Note that the 200 percent neutral already covers the derating
requirements (125 percent for a multiconductor feeder system and 130 percent for a
single-conductor feeder system) when used in the 3-phase mode. If a reassignment system
were added, the neutral would be required to be only 150 amperes. Again, when used in the
3-phase mode, the derating factors would be covered.
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Note that the double-neutral requirement covers the terminal and associated busbar or wiring.
This requirement begins at the main input terminals or busing, main input inlet connector, or
attached main input cord-and-plug set and includes all wiring on the load side of that point.

Power supply feeders easily detached at the terminals or inlet connector need not adhere to
the 200 percent neutral rule, because they can easily be sized on a show-by-show basis for the
type of supply encountered. These cables must, however, adhere to the requirements of the
neutral as a current-carrying conductor or to the requirements of the 130 percent
single-conductor-cable neutral.

Solid-state sine wave dimmers are linear devices that do not add nonlinear loads to the neutral
conductor. Where feeders supply solid-state sine wave dimmers, the neutral conductor is
sized by considering it as a non–current-carrying conductor. However, it must be have an
ampacity of at least 100 percent of the ampacity of the phase conductors.

(P) Qualified Personnel. The routing of portable supply conductors, the making and breaking
of supply connectors and other supply connections, and the energization and de-energization of
supply services shall be performed by qualified personnel, and portable switchboards shall be
so marked, indicating this requirement in a permanent and conspicuous manner.

Exception:  A portable switchboard shall be permitted to be connected to a permanently
installed supply receptacle by other than qualified personnel, provided that the supply
receptacle is protected for its rated ampacity by an overcurrent device of not greater than 150
amperes, and where the receptacle, interconnection, and switchboard comply with all of the
following:   

(a)   Employ listed multipole connectors suitable for the purpose for every supply
interconnection 

(b)   Prevent access to all supply connections by the general public 
(c)   Employ listed extra-hard usage multiconductor cords or cables with an ampacity suitable

for the type of load and not less than the ampere rating of the connectors.

The intent of 520.53(P) is to divide the acceptable practices in what are most likely to be
professional and professional-grade educational venues from those in amateur or
amateur-grade educational venues. The basic requirements allow for such things as
single-conductor feeder systems, feeders sized for the current-connected load, tap rules, and
so on, and require the services of a qualified person. The exception to 520.53(P) provides for
a conventional feeder system suitable for use by an untrained person.

V. Portable Stage Equipment Other Than Switchboards

520.61 Arc Lamps.

Arc lamps, including enclosed arc lamps and associated ballasts, shall be listed.
Interconnecting cord sets and interconnecting cords and cables shall be extra-hard usage type
and listed.
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520.62 Portable Power Distribution Units.

Portable power distribution units shall comply with 520.62(A) through (E).

(A) Enclosure. The construction shall be such that no current-carrying part will be exposed.

(B) Receptacles and Overcurrent Protection. Receptacles shall comply with 520.45 and shall
have branch-circuit overcurrent protection in the box. Fuses and circuit breakers shall be
protected against physical damage. Cords or cables supplying pendant receptacles shall be
listed for extra-hard usage.

(C) Busbars and Terminals. Busbars shall have an ampacity equal to the sum of the ampere
ratings of all the circuits connected to the busbar. Lugs shall be provided for the connection of
the master cable.

(D) Flanged Surface Inlets. Flanged surface inlets (recessed plugs) that are used to accept the
power shall be rated in amperes.

(E) Cable Arrangement. Cables shall be adequately protected where they pass through
enclosures and be arranged so that tension on the cable is not transmitted to the terminations.

520.63 Bracket Fixture Wiring.

(A) Bracket Wiring. Brackets for use on scenery shall be wired internally, and the fixture stem
shall be carried through to the back of the scenery where a bushing shall be placed on the end
of the stem. Externally wired brackets or other fixtures shall be permitted where wired with
cords designed for hard usage that extend through scenery and without joint or splice in canopy
of fixture back and terminate in an approved-type stage connector located, where practical,
within 450 mm (18 in.) of the fixture.

(B) Mounting. Fixtures shall be securely fastened in place.

520.64 Portable Strips.

Portable strips shall be constructed in accordance with the requirements for border lights and
proscenium sidelights in 520.44(A). The supply cable shall be protected by bushings where it
passes through metal and shall be arranged so that tension on the cable will not be transmitted
to the connections.

FPN No. 1: See 520.42 for wiring of portable strips.

FPN No. 2: See 520.68(A)(3) for insulation types required on single conductors.

520.65 Festoons.

Joints in festoon wiring shall be staggered. Lamps enclosed in lanterns or similar devices of
combustible material shall be equipped with guards.

Festoon lighting is defined in Article 100. Joints in festoon wiring must be staggered and
properly insulated. This arrangement ensures that connections are not opposite one another,
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which could cause sparking due to improper insulation or unraveling of insulation, which, in
turn, could ignite lanterns or other combustible material enclosing lamps. Where lampholders
have terminals of a type that punctures the conductor insulation and makes contact with the
conductors, stranded conductors should be used.

520.66 Special Effects.

Electrical devices used for simulating lightning, waterfalls, and the like shall be constructed
and located so that flames, sparks, or hot particles cannot come in contact with combustible
material.

520.67 Multipole Branch-Circuit Cable Connectors.

Multipole branch-circuit cable connectors, male and female, for flexible conductors shall be
constructed so that tension on the cord or cable is not transmitted to the connections. The
female half shall be attached to the load end of the power supply cord or cable. The connector
shall be rated in amperes and designed so that differently rated devices cannot be connected
together; however, a 20-ampere T-slot receptacle shall be permitted to accept a 15-ampere
attachment plug of the same voltage rating. Alternating-current multipole connectors shall be
polarized and comply with 406.6 and 406.9.

FPN: See 400.10 for pull at terminals.

520.68 Conductors for Portables.

(A) Conductor Type.

(1) General. Flexible conductors, including cable extensions, used to supply portable stage
equipment shall be listed extra-hard usage cords or cables.

(2) Stand Lamps. Listed, hard usage cord shall be permitted to supply stand lamps where the
cord is not subject to physical damage and is protected by an overcurrent device rated at not
over 20 amperes.

Section 520.68 permits listed hard-usage cord to supply stand lamps, where the cord is not
subject to physical damage and is protected with an overcurrent device rated at not more than
20 amperes.

See 520.2 for the definition of stand lamp (work light).

(3) High-Temperature Applications. A special assembly of conductors in sleeving not longer
than 1.0 m (3.3 ft) shall be permitted to be employed in lieu of flexible cord if the individual
wires are stranded and rated not less than 125°C (257°F) and the outer sleeve is glass fiber with
a wall thickness of at least 0.635 mm (0.025 in.).

Portable stage equipment requiring flexible supply conductors with a higher temperature rating
where one end is permanently attached to the equipment shall be permitted to employ alternate,
suitable conductors as determined by a qualified testing laboratory and recognized test
standards.

Jwilli
Highlight
Multipole branch-circuit cable connectors, male and female, for flexible conductors shall be
constructed so that tension on the cord or cable is not transmitted to the connections.

Jwilli
Highlight
Flexible conductors, including cable extensions, used to supply portable stage
equipment shall be listed extra-hard usage cords or cables.



Copyright © 2008, National Fire Protection Association®. All Rights Reserved

The requirements of 520.68(A)(3) cover the connection of high-temperature equipment,
including stage lighting fixtures, which often operate at elevated temperatures.
High-temperature (150°C to 250°C), extra-hard-usage cords are, in general, not available.
Less-than-extra-hard-usage cords are limited to 3.3 ft in length to reduce the likelihood that
they would be placed on the floor or other area where they might be damaged by traffic or
moving scenery.

(4) Breakouts. Listed, hard usage (junior hard service) cords shall be permitted in breakout
assemblies where all of the following conditions are met:   

(1)     The cords are utilized to connect between a single multipole connector containing two or
more branch circuits and multiple 2-pole, 3-wire connectors. 

(2)     The longest cord in the breakout assembly does not exceed 6.0 m (20 ft). 

(3)     The breakout assembly is protected from physical damage by attachment over its entire
length to a pipe, truss, tower, scaffold, or other substantial support structure. 

(4)     All branch circuits feeding the breakout assembly are protected by overcurrent devices
rated at not over 20 amperes.

The provisions of 520.68(A)(4) apply to multiconductor cable assemblies with multipole
connectors that contain more than one branch circuit. The breakout assembly is a multipole
connector with several pendant receptacles connected to it, separating the multiple branch
circuits into individual branch circuits. It is also possible to use a similar arrangement of
pendant plugs to form a breaking assembly on the other end of the multiconductor cable.

(B) Conductor Ampacity. The ampacity of conductors shall be as given in 400.5, except
multiconductor, listed, extra-hard usage portable cords that are not in direct contact with
equipment containing heat-producing elements shall be permitted to have their ampacity
determined by Table 520.44. Maximum load current in any conductor with an ampacity
determined by Table 520.44 shall not exceed the values in Table 520.44.

In accordance with 520.68(B), portable, multicircuit, multiconductor cable is permitted to be
sized in accordance with Table 520.44, similar to the method used for border light cable. If
portable, multicircuit, multiconductor cable is located horizontally directly above
heat-producing equipment, in lieu of a connector strip, it should be spaced sufficiently above
that equipment to avoid the elevated temperatures or sized in accordance with 400.5.

Exception:  Where alternate conductors are allowed in 520.68(A)(3), their ampacity shall be as
given in the appropriate table in this Code for the types of conductors employed.

520.69 Adapters.

Adapters, two-fers, and other single- and multiple-circuit outlet devices shall comply with
520.69(A), (B), and (C).

(A) No Reduction in Current Rating. Each receptacle and its corresponding cable shall have
the same current and voltage rating as the plug supplying it. It shall not be utilized in a stage
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circuit with a greater current rating.

(B) Connectors. All connectors shall be wired in accordance with 520.67.

Adapters are available where cords and connector bodies of one ampacity are connected to a
plug of a larger rating. For example, a 12 AWG conductor with an ampacity of 20 amperes
could be connected to a 100-ampere circuit. An overload could result in a fire because the
circuit breaker or fuse would not provide adequate protection. The plug and receptacle must
be of the same rating, in accordance with 520.69(B).

(C) Conductor Type. Conductors for adapters and two-fers shall be listed, extra-hard usage or
listed, hard usage (junior hard service) cord. Hard usage (junior hard service) cord shall be
restricted in overall length to 1.0 m (3.3 ft).

VI. Dressing Rooms

520.71 Pendant Lampholders.

Pendant lampholders shall not be installed in dressing rooms.

520.72 Lamp Guards.

All exposed incandescent lamps in dressing rooms, where less than 2.5 m (8 ft) from the floor,
shall be equipped with open-end guards riveted to the outlet box cover or otherwise sealed or
locked in place.

Because of the many types of flammable materials present in dressing rooms, such as
costumes and wigs, pendant lampholders are not permitted. Lamps must be provided with
suitable open-end guards that permit relamping and are not easily removed, making it difficult
to circumvent the guard's intended purpose of preventing contact between the lamps and
flammable material.

520.73 Switches Required.

All lights and any receptacles adjacent to the mirror(s) and above the dressing table counter(s)
installed in dressing rooms shall be controlled by wall switches installed in the dressing
room(s). Each switch controlling receptacles adjacent to the mirror(s) and above the dressing
table counter(s) shall be provided with a pilot light located outside the dressing room, adjacent
to the door to indicate when the receptacles are energized. Other outlets installed in the
dressing room shall not be required to be switched.

Section 520.73 addresses only receptacles located adjacent to the mirror and on the
countertop. The receptacles located elsewhere in the room are not subject to the disconnect
and pilot light requirements of 520.73. The purpose of the switching requirement is to ensure
that all coffee pots, curling irons, hair dryers, and other similar countertop appliances can be
readily disconnected at the end of a performance.

VII. Grounding
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520.81 Grounding.

All metal raceways and metal-sheathed cables shall be connected to an equipment grounding
conductor. The metal frames and enclosures of all equipment, including border lights and
portable luminaires, shall be connected to an equipment grounding conductor.
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ARTICLE 530 Motion Picture and Television Studios and Similar Locations

Summary of Change

•      530.13: Clarified that the externally operable switch must be suitably rated for the
application.

I. General

530.1 Scope.

The requirements of this article shall apply to television studios and motion picture studios
using either film or electronic cameras, except as provided in 520.1, and exchanges, factories,
laboratories, stages, or a portion of the building in which film or tape more than 22 mm (7/8 in.)
in width is exposed, developed, printed, cut, edited, rewound, repaired, or stored.

FPN: For methods of protecting against cellulose nitrate film hazards, see  NFPA 40-2007, Standard for
the Storage and Handling of Cellulose Nitrate Film.

The requirements for motion picture studios and for television studios are virtually the same
and are intended to apply only to those locations presenting special hazards, that is, temporary
structures constructed of wood or other combustible material. Otherwise, the conditions are
similar to those for theater stages. Therefore, the applicable provisions of Article 520, such as
those for stages and dressing rooms, should be observed.

530.2 Definitions.

Alternating-Current Power Distribution Box (Alternating-Current Plugging Box, Scatter
Box). An ac distribution center or box that contains one or more grounding-type polarized
receptacles that may contain overcurrent protective devices.

Bull Switch. An externally operated wall-mounted safety switch that may or may not contain
overcurrent protection and is designed for the connection of portable cables and cords.

Location (Shooting Location). A place outside a motion picture studio where a production or
part of it is filmed or recorded.

Location Board (Deuce Board). Portable equipment containing a lighting contactor or
contactors and overcurrent protection designed for remote control of stage lighting.

Motion Picture Studio (Lot). A building or group of buildings and other structures designed,
constructed, or permanently altered for use by the entertainment industry for the purpose of
motion picture or television production.

Plugging Box. A dc device consisting of one or more 2-pole, 2-wire, nonpolarized,
nongrounding-type receptacles intended to be used on dc circuits only.

Portable Equipment. Equipment intended to be moved from one place to another.

Single-Pole Separable Connector. A device that is installed at the ends of portable, flexible,
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single-conductor cable that is used to establish connection or disconnection between two cables
or one cable and a single-pole, panel-mounted separable connector.

Spider (Cable Splicing Block). A device that contains busbars that are insulated from each
other for the purpose of splicing or distributing power to portable cables and cords that are
terminated with single-pole busbar connectors.

Stage Effect (Special Effect). An electrical or electromechanical piece of equipment used to
simulate a distinctive visual or audible effect such as wind machines, lightning simulators,
sunset projectors, and the like.

Stage Property. An article or object used as a visual element in a motion picture or television
production, except painted backgrounds (scenery) and costumes.

Stage Set. A specific area set up with temporary scenery and properties designed and arranged
for a particular scene in a motion picture or television production.

Stand Lamp (Work Light). A portable stand that contains a general-purpose luminaire or
lampholder with guard for the purpose of providing general illumination in the studio or stage.

Television Studio or Motion Picture Stage (Sound Stage). A building or portion of a
building usually insulated from the outside noise and natural light for use by the entertainment
industry for the purpose of motion picture, television, or commercial production.

530.6 Portable Equipment.

Portable stage and studio lighting equipment and portable power distribution equipment shall
be permitted for temporary use outdoors if the equipment is supervised by qualified personnel
while energized and barriered from the general public.

See the commentary following 520.10 for more information on portable equipment.

II. Stage or Set

530.11 Permanent Wiring.

The permanent wiring shall be Type MC cable, Type AC cable containing an insulated
equipment grounding conductor sized in accordance with Table 250.122, Type MI cable, or in
approved raceways.

Exception:  Communications circuits; audio signal processing, amplification, and reproduction
circuits; Class 1, Class 2, and Class 3 remote-control or signaling circuits and power-limited
fire alarm circuits shall be permitted to be wired in accordance with Articles 640 , 725 , 760 ,
and 800.

530.12 Portable Wiring.

(A) Stage Set Wiring. The wiring for stage set lighting and other supply wiring not fixed as to
location shall be done with listed hard usage flexible cords and cables. Where subject to
physical damage, such wiring shall be listed extra-hard usage flexible cords and cables. Splices
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or taps in cables shall be permitted if the total connected load does not exceed the maximum
ampacity of the cable.

(B) Stage Effects and Electrical Equipment Used as Stage Properties. The wiring for stage
effects and electrical equipment used as stage properties shall be permitted to be wired with
single- or multiconductor listed flexible cords or cables if the conductors are protected from
physical damage and secured to the scenery by approved cable ties or by insulated staples.
Splices or taps shall be permitted where such are made with listed devices and the circuit is
protected at not more than 20 amperes.

(C) Other Electrical Equipment. Cords and cables other than extra-hard usage, where
supplied as a part of a listed assembly, shall be permitted.

530.13 Stage Lighting and Effects Control.

Switches used for studio stage set lighting and effects (on the stages and lots and on location)
shall be of the externally operable type. Where contactors are used as the disconnecting means
for fuses, an individual externally operable switch, suitably rated, for the control of each
contactor shall be located at a distance of not more than 1.8 m (6 ft) from the contactor, in
addition to remote-control switches. A single externally operable switch shall be permitted to
simultaneously disconnect all the contactors on any one location board, where located at a
distance of not more than 1.8 m (6 ft) from the location board.

530.14 Plugging Boxes.

Each receptacle of dc plugging boxes shall be rated at not less than 30 amperes.

530.15 Enclosing and Guarding Live Parts.

(A) Live Parts. Live parts shall be enclosed or guarded to prevent accidental contact by
persons and objects.

(B) Switches. All switches shall be of the externally operable type.

(C) Rheostats. Rheostats shall be placed in approved cases or cabinets that enclose all live
parts, having only the operating handles exposed.

(D) Current-Carrying Parts. Current-carrying parts of bull switches, location boards, spiders,
and plugging boxes shall be enclosed, guarded, or located so that persons cannot accidentally
come into contact with them or bring conductive material into contact with them.

530.16 Portable Luminaires.

Portable luminaires and work lights shall be equipped with flexible cords, composition or
metal-sheathed porcelain sockets, and substantial guards.

Exception:  Portable luminaires used as properties in a motion picture set or television stage
set, on a studio stage or lot, or on location shall not be considered to be portable luminaires
for the purpose of this section.
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530.17 Portable Arc Lamps.

(A) Portable Carbon Arc Lamps. Portable carbon arc lamps shall be substantially
constructed. The arc shall be provided with an enclosure designed to retain sparks and carbons
and to prevent persons or materials from coming into contact with the arc or bare live parts.
The enclosures shall be ventilated. All switches shall be of the externally operable type.

(B) Portable Noncarbon Arc Electric-Discharge Lamps. Portable noncarbon arc lamps,
including enclosed arc lamps, and associated ballasts shall be listed. Interconnecting cord sets
and interconnecting cords and cables shall be extra-hard usage type and listed.

530.18 Overcurrent Protection — General.

Automatic overcurrent protective devices (circuit breakers or fuses) for motion picture studio
stage set lighting and the stage cables for such stage set lighting shall be as given in 530.18(A)
through (G). The maximum ampacity allowed on a given conductor, cable, or cord size shall be
as given in the applicable tables of Articles 310 and 400.

(A) Stage Cables. Stage cables for stage set lighting shall be protected by means of overcurrent
devices set at not more than 400 percent of the ampacity given in the applicable tables of
Articles 310 and 400.

(B) Feeders. In buildings used primarily for motion picture production, the feeders from the
substations to the stages shall be protected by means of overcurrent devices (generally located
in the substation) having a suitable ampere rating. The overcurrent devices shall be permitted to
be multipole or single-pole gang operated. No pole shall be required in the neutral conductor.
The overcurrent device setting for each feeder shall not exceed 400 percent of the ampacity of
the feeder, as given in the applicable tables of Article 310.

An overcurrent device setting of up to 400 percent is permitted if the loads are of short
duration. In accordance with 530.18(B), the use of short-term ratings where the equipment
operates for 20 minutes or less is permitted. A longer period of operation may pose a fire
hazard.

(C) Cable Protection. Cables shall be protected by bushings where they pass through
enclosures and shall be arranged so that tension on the cable is not transmitted to the
connections. Where power conductors pass through metal, the requirements of 300.20 shall
apply.

Portable feeder cables shall be permitted to temporarily penetrate fire-rated walls, floors, or
ceilings provided that all of the following apply:   

(1)     The opening is of noncombustible material. 

(2)     When in use, the penetration is sealed with a temporary seal of a listed firestop material. 

(3)     When not in use, the opening shall be capped with a material of equivalent fire rating.

(D) Location Boards. Overcurrent protection (fuses or circuit breakers) shall be provided at
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the location boards. Fuses in the location boards shall have an ampere rating of not over 400
percent of the ampacity of the cables between the location boards and the plugging boxes.

(E) Plugging Boxes. Cables and cords supplied through plugging boxes shall be of copper.
Cables and cords smaller than 8 AWG shall be attached to the plugging box by means of a plug
containing two cartridge fuses or a 2-pole circuit breaker. The rating of the fuses or the setting
of the circuit breaker shall not be over 400 percent of the rated ampacity of the cables or cords
as given in the applicable tables of Articles 310 and 400. Plugging boxes shall not be permitted
on ac systems.

(F) Alternating-Current Power Distribution Boxes. Alternating-current power distribution
boxes used on sound stages and shooting locations shall contain connection receptacles of a
polarized, grounding type.

(G) Lighting. Work lights, stand lamps, and luminaires rated 1000 watts or less and connected
to dc plugging boxes shall be by means of plugs containing two cartridge fuses not larger than
20 amperes, or they shall be permitted to be connected to special outlets on circuits protected
by fuses or circuit breakers rated at not over 20 amperes. Plug fuses shall not be used unless
they are on the load side of the fuse or circuit breakers on the location boards.

530.19 Sizing of Feeder Conductors for Television Studio Sets.

(A) General. It shall be permissible to apply the demand factors listed in Table 530.19(A) to
that portion of the maximum possible connected load for studio or stage set lighting for all
permanently installed feeders between substations and stages and to all permanently installed
feeders between the main stage switchboard and stage distribution centers or location boards.

(B) Portable Feeders. A demand factor of 50 percent of maximum possible connected load
shall be permitted for all portable feeders.

Table 530.19(A)  Demand Factors for Stage Set Lighting

Portion of Stage Set Lighting Load 
to Which Demand Factor Applied (volt-amperes) Feeder Demand Factor (%)

First 50,000 or less at 100
From 50,001 to 100,000 at 75
From 100,001 to 200,000 at 60
Remaining over 200,000 at 50 

530.20 Grounding.

Type MC cable, Type MI cable, metal raceways, and all non–current-carrying metal parts of
appliances, devices, and equipment shall be connected to an equipment grounding conductor.
This shall not apply to pendant and portable lamps, to stage lighting and stage sound
equipment, or to other portable and special stage equipment operating at not over 150 volts dc
to ground.
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530.21 Plugs and Receptacles.

(A) Rating. Plugs and receptacles shall be rated in amperes. The voltage rating of the plugs and
receptacles shall be not less than the circuit voltage. Plug and receptacle ampere ratings for ac
circuits shall not be less than the feeder or branch-circuit overcurrent device ampere rating.
Table 210.21(B)(2) shall not apply.

(B) Interchangeability. Plugs and receptacles used in portable professional motion picture and
television equipment shall be permitted to be interchangeable for ac or dc use on the same
premises, provided they are listed for ac/dc use and marked in a suitable manner to identify the
system to which they are connected.

530.22 Single-Pole Separable Connectors.

(A) General. Where ac single-pole portable cable connectors are used, they shall be listed and
of the locking type. Sections 400.10, 406.6, and 406.7 shall not apply to listed single-pole
separable connections and single-conductor cable assemblies utilizing listed single-pole
separable connectors. Where paralleled sets of current-carrying single-pole separable
connectors are provided as input devices, they shall be prominently labeled with a warning
indicating the presence of internal parallel connections. The use of single-pole separable
connectors shall comply with at least one of the following conditions:   

(1)     Connection and disconnection of connectors are only possible where the supply
connectors are interlocked to the source and it is not possible to connect or disconnect
connectors when the supply is energized. 

(2)     Line connectors are of the listed sequential-interlocking type so that load connectors shall
be connected in the following sequence:   

a.     Equipment grounding conductor connection 

b.   Grounded circuit conductor connection, if provided 

c.     Ungrounded conductor connection, and that disconnection shall be in the reverse
order 

(3)     A caution notice shall be provided adjacent to the line connectors, indicating that plug
connection shall be in the following order:   

a.     Equipment grounding conductor connectors 

b.   Grounded circuit-conductor connectors, if provided 

c.     Ungrounded conductor connectors, and that disconnection shall be in the reverse
order

(B) Interchangeability. Single-pole separable connectors used in portable professional motion
picture and television equipment shall be permitted to be interchangeable for ac or dc use or for
different current ratings on the same premises, provided they are listed for ac/dc use and
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marked in a suitable manner to identify the system to which they are connected.

530.23 Branch Circuits.

A branch circuit of any size supplying one or more receptacles shall be permitted to supply
stage set lighting loads.

III. Dressing Rooms

530.31 Dressing Rooms.

Fixed wiring in dressing rooms shall be installed in accordance with the wiring methods
covered in Chapter 3. Wiring for portable dressing rooms shall be approved.

IV. Viewing, Cutting, and Patching Tables

530.41 Lamps at Tables.

Only composition or metal-sheathed, porcelain, keyless lampholders equipped with suitable
means to guard lamps from physical damage and from film and film scrap shall be used at
patching, viewing, and cutting tables.

V. Cellulose Nitrate Film Storage Vaults

530.51 Lamps in Cellulose Nitrate Film Storage Vaults.

Lamps in cellulose nitrate film storage vaults shall be installed in rigid fixtures of the
glass-enclosed and gasketed type. Lamps shall be controlled by a switch having a pole in each
ungrounded conductor. This switch shall be located outside of the vault and provided with a
pilot light to indicate whether the switch is on or off. This switch shall disconnect from all
sources of supply all ungrounded conductors terminating in any outlet in the vault.

530.52 Electrical Equipment in Cellulose Nitrate Film Storage Vaults.

Except as permitted in 530.51, no receptacles, outlets, heaters, portable lights, or other portable
electrical equipment shall be located in cellulose nitrate film storage vaults. Electric motors
shall be permitted, provided they are listed for the application and comply with Article 500,
Class I, Division 2.

VI. Substations

530.61 Substations.

Wiring and equipment of over 600 volts, nominal, shall comply with Article 490.

530.62 Portable Substations.

Wiring and equipment in portable substations shall conform to the sections applying to
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installations in permanently fixed substations, but, due to the limited space available, the
working spaces shall be permitted to be reduced, provided that the equipment shall be arranged
so that the operator can work safely and so that other persons in the vicinity cannot accidentally
come into contact with current-carrying parts or bring conducting objects into contact with
them while they are energized.

530.63 Overcurrent Protection of Direct-Current Generators.

Three-wire generators shall have overcurrent protection in accordance with 445.12(E).

530.64 Direct-Current Switchboards.

(A) General. Switchboards of not over 250 volts dc between conductors, where located in
substations or switchboard rooms accessible to qualified persons only, shall not be required to
be dead-front.

(B) Circuit Breaker Frames. Frames of dc circuit breakers installed on switchboards shall not
be required to be connected to an equipment grounding conductor.
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NEC UL Mark Temperature Temperature Voltage Outdoor Sunlight Cable Oil Gasoline Direct Submersible
Article CCN On Product (°C) Dry (°C) Wet (V) Use Resistance Tray Use Resistance Resistance Burial Pump Use Other

Boat Cable - BDFX R (10) (10) (25) - - - (45) - - - -
Bus Drop Cable 368 ZIMX R 60(15) (8) 600 (32) - - (45) - - - -
Festoon Cable 610 ZIPF R 60(15) - 600 (32) - - (45) - - - -
Flexible Stage and Lighting Power Cable: Types SC,
SCE, SCT 400 ILPH R 60(15) - 600 (30) (36) - Yes - - - -
Gas-Tube-Sign Cable: Type GTO 600 ZJQX R 105(15) - (26) - Yes - - - - - (72)
Golf Course Sprinkler Wire - ZMHX O 60 60 300 - - - - - Yes - -
Heat-Resistant Wire: Types TGT, TGS, TMGT, KGS,
KGT, TGGT, ITFL - ZMHX O (4) - 300 - - - - - - - (64)
Inductive-Loop Detector Lead-In Cable - ZMHX R 60 60 600 (32) - - (45) - - - -
Irrigation Cable 675 OFFY R 75 60 600 Yes Yes - - - - - -
Irrigation-Machine Feeder Cable 675 ZMHX R 60 60 600 - - - - - Yes - -
Machine Tool Wires: Type MTW 670 ZKHZ R 90 60 600 - (35) (40) Yes (46) - - (67)
Marina and Boatyard Cable 555 PDYQ R 75 75 600 - Yes - Yes Yes - - -
Photovoltaic Wire 630 ZKLA R 90 90 600 Yes Yes - - - - - -
Portable Power Cables: Types W, G, G-GC, PPE 400 QPMU R 75 (8) 2000 (33) (35) - Yes - - - -
Recreational Vehicle Cable (Low Voltage) 551 ZKRU R (4) (8) (22) - - - - - - - -
RF Coaxial Cable 820 ZMHX R 60 - (22) - - - - - - - 60
Satellite Antenna Cable 725 ZMHX R (4) - (25) - (35) - - - (50) - (60, 65)
Shipboard Cable, Marine - UBVZ R (4) 60 (25) - - - Yes - - - -
Slotted Coaxial Cable 820 ZMHX R 60 - (22) - - - - - - - -
Submersible Pump Cable Using TPE Insulation - ZMHX R (4) 60 600 - - - - - - Yes -
Telephone Drop Wire 800 ZMHX R 60 60 300 Yes Yes - - - - - 60
Traffic Signal Cable - XNTL O - - (25) Yes Yes - - - - - (69)
Undercarpet Digital Communications Cable 800 ZMHX R 60 - (22) - - - - - - - (66)
Underground Signal Cable 725 ZMHX O 60 60 150 - (35) - - - Yes - -
Vault Lacing Cable - ZMHX O 60 - 150 - - - - - - - -
Welding Cable 630 ZMAY R 60(11) (11) 100 or 600 Yes - (41) (45) - - - -

WIRE AND CABLE MARKING TABLE
TABLE 3 - SPECIAL PURPOSE
WIRES AND CABLE

11
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Flexible Stage and Lighting Power Cable: Types SC,
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SCE, SCT 400 ILPH R 60(15) - 600 (30) (36) - Yes - - - -
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EXPLANATIONS AND NOTES FOR MARKING TABLES

The column headings of Tables 1, 2 and 3 identify:

WIRE AND CABLE CATEGORY/TYPE

Lists each wire, cable and flexible cord category as it appears in UL’s Electrical Construction Equipment
Directory. Generally, the category, type or both are on the product.

NEC® ARTICLE

Indicates the primary NEC® Article that references the category/type. Not marked on the product.

CATEGORY CODE
Indicates the UL Guide Designation or Category Code as it appears in UL’s White Book, Electrical Construction
Equipment Directory and UL’s Online Certifications Directory. Not marked on the product.

UL MARK ON PRODUCT

Indicates whether the UL Mark (“UL” in a circle) is required (R), optional (O) or prohibited (P) on the product.
See the section titled “UL Listing Mark.”

TEMPERATURE (°C) DRY AND TEMPERATURE (°C) WET

These two columns indicate temperature rating for the wire and cable when used in dry locations or when
exposed to water or moisture such as in wet and damp locations. Numbers in parentheses indicate the
following:

(1) Wire evaluated for use at 90°C dry and wet is marked with the suffix “-2” after the Type designation.

(2) Cable is to be used at the ampacity for 60°C conductors in accordance with NEC®, Table 310-16.

(3) Cords evaluated for water resistance have a "W" in the Type designation, i.e. Type SJTW. The terms
"water resistant" or "water resistant 60°C" may also be marked in addition to the "W" designation.

(4) The wire or cable has been investigated for the temperature rating marked on the product, tag, reel or
smallest unit container.

(5) Types MV-90 and MV-105 are evaluated for use in wet or dry locations at 90°C and 105°C, respectively.
Type MV- 90 DRY is only evaluated for use in dry locations at 90°C.

(6) Cable evaluated for wet -location use is marked “WET-LOCATIONS CABLE” or “WET-LOCS CABLE.”
Cable containing conductors evaluated for wet-location use may be marked, but such marking is not 
required.

(7)  250°C for special applications in locations where environ-mental conditions require operation at above
90°C temperature. Temperatures of fittings are limited to 85°C in dry locations and 60°C in wet
locations.
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(8) Wire or cable evaluated for wet-location use is marked “60°C WET” or “75°C WET.”

(9) Temperature rating may be indicated on the product by colored marker threads located under either the 
insulation or separator as in the following table: 

Table Rating (°C) Color
RFH-2, FFH-2 75 Green

TFN, TFFN
RFHH-2 and RFHH-3

90 Red

XF, XFF, SFF-1, SFF-2,
PFF, PGFF, ZF, ZFF

150 Orange

SF-1, SF-2, PF, PGF, ZHF 200 Black

(10) The cable is marked with one of the following temperature ratings or codes; when no code is indicated, the 
product is marked with the rating.

Rating Code
60°C dry 60°C wet BC-1W1
75°C dry 60°C wet BC-2W1
75°C dry 75°C wet BC-2W2
80°C dry 60°C wet BC-3W1
80°C dry 75°C wet BC-3W2
90°C dry 60°C wet BC-4W1
90°C dry 75°C wet BC-4W2

105°C dry 60°C wet BC-5W1
105°C dry 75°C wet BC-5W2

105°C (dry only)
125°C (dry only)
200°C (dry only)

(11) Welding cable rated 600V is investigated for use in 75°C dry or wet locations.

(12) 90°C dry and damp location. 150°C dry locations for special applications in locations where environmental 
conditions require maximum conductor operating temperatures above 90°C.

(13) 200°C in dry locations for special applications.

(14) The temperature rating of the cable is the rating marked on the cable or implied by the conductor type in 
the cable.

(15) Indicates minimum temperature rating. Suitable for use at higher temperatures if marked on the cable or 
cord. The higher temperatures (above 60°C) only apply to dry applications.

(16) May be rated 600 volts when employing 45 mil insulation.

(17) Cable evaluated for wet location use is marked "wet" or "wet location."

(18), (19) Notes not used.

Jwilli
Highlight
(15) Indicates minimum temperature rating. Suitable for use at higher temperatures if marked on the cable or
cord. The higher temperatures (above 60°C) only apply to dry applications.
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VOLTAGE (V)

Indicates voltage rating. If the rating is not marked on the product, the wire or cable has been evaluated for the
rating entered in the table. If marked higher than the rating in the table, it is rated as marked. Notes in the tables
indicate the following:

(20) The voltage rating (kV) is one of the following, as marked: 5, 8, 15, 25, 28 or 35.

(21) 600V or 2kV. Type MC cable containing Type MV conductors has the voltage rating of the conductors. 
Type MV cable in Type MC cable armor is surface or tape marked “Type MV Type MC” and it has a Type MV 
cable Listing Mark.

(22) Type designation indicates suitability for use in accordance with the appropriate NEC® Article, with respect 
to voltage and power limitations.

(23) Note not used.

(24) Rating is indicated by number in the Type designations as follows:

Suffix Rating (V)
-1 300
-2 600

(25) The wire or cable may be evaluated for various voltage ratings. The rating is marked on the product, a tag
attached to the reel or smallest unit container.

(26) Voltage rating is indicated on the product by a suffix after the Type designation as follows:

Suffix Rating (kV)
-5 5
-10 10
-15 15

(27) Some Mineral-Insulated cable may be rated 300V for use in Class 1 remote control and signaling circuits 
not exceeding 300V.

(28), (29) Notes not used.

OUTDOOR USE

“Yes” indicates that the wire or cable has been evaluated for direct exposure to outdoor conditions. Generally, 
there is no marking indicating outdoor use coverage. Notes in the tables indicate the following:

(30) A product evaluated for outdoor use has a “W” in its Type designation, e.g. “SJTW.” It may additionally 
have the word “OUTDOOR.” For a cord evaluated and marked for recreational vehicle or mobile home use, 
outdoor use always applies and the marking “W” is optional.

(31) Type UF and UF-B cables evaluated for installation above-ground are marked “SUNLIGHT RESISTANT.”

(32) Cable evaluated for outdoor use is marked "outdoor" or "outdoor use".

(33) Cable evaluated for outdoor use is marked “SUNLIGHT RESISTANT” or “SUN. RES.” plus “60°C WET” or
“75°C WET.”

Jwilli
Highlight
32) Cable evaluated for outdoor use is marked "outdoor" or "outdoor use".
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(30) A product evaluated for outdoor use has a “W” in its Type designation, e.g. “SJTW.” It may additionally
have the word “OUTDOOR.” For a cord evaluated and marked
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“Yes” indicates that the wire or cable has been evaluated for direct exposure to outdoor conditions. Generally,
there is no marking indicating outdoor use coverage. Notes in the tables indicate the following:
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(34) Type CMX cable marked “Outdoor” is suitable for installation outdoors on dwellings.

SUNLIGHT RESISTANCE

“Yes” indicates that the outer nonmetallic covering of the product has been evaluated for direct exposure to 
ultraviolet (UV) radiation from the sun. This coverage is not generally marked on the product. Cables with an
overall metallic covering are always considered suitable for exposure to sunlight. The use limitations and 
associated markings are specified in the tables by the following:

(35) A product evaluated for sunlight resistance is marked “SUNLIGHT RESISTANT”, “SUN. RES.”, or "SR."

(36), (37), (38), (39) Notes not used.

CABLE TRAY USE

“Yes” indicates that the cable has been evaluated for use in cable trays in accordance with NEC® Articles 310, 
318 and other applicable Articles. Generally, this coverage is not marked on the product. Notes in the tables 
indicate the following:

(40) When evaluated for use in cable trays, the product is marked “for cable tray use,” “for CT use” or “for use in
cable trays.”

(41) For trays dedicated to welding cable only, per NEC® Article 630, Part E. Generally not marked on the 
product.

(42), (43), (44) Notes not used.

OIL RESISTANCE

“Yes” indicates that the product has been investigated for use in locations exposed to mineral oil at a 
temperature of 60°C or less. Generally, this coverage is not marked on the product. If the product has been 
investigated for oil resistance at higher than 60°C temperatures, it is rated as marked.

(45) A product evaluated for 60°C oil resistance is marked “OIL RESISTANT I”, “OIL RES I”, “OIL RESISTANT”,
or "PR1." A product evaluated for 75°C oil resistance is marked “OIL RESISTANT II”, “OIL RES II”, or "PR2."

GASOLINE RESISTANCE

“Yes” indicates that the product has been evaluated for use in locations exposed to liquid gasoline, gasoline 
vapors and vapors from similar light petroleum solvents. Generally, this coverage is not marked on the product. 
Notes in the tables indicate the following:

(46) A product evaluated for 60°C oil resistance and for gasoline resistance is marked “GASOLINE AND OIL
RESISTANT I”, or "GR1." Similarly, for 75°C oil and for gasoline resistance, the product is marked “GASOLINE
AND OIL RESISTANT II” or "GR2."

(47) When evaluated for gasoline resistance only, the insulated conductors are marked “GASOLINE 
RESISTANT.”
If this marking appears on the outer covering of the cable, “GASOLINE RESISTANT” is followed by “CDRS,”
“CONDS” or “CONDUCTORS.”

(48), (49) Notes not used.
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FLAT CONDUCTOR CABLE, TYPE FCC (IKKT)

GENERAL
This category covers flat conductor cable, Type FCC, which is an assembly of three or more solid, flat, parallel,
insulated copper conductors. The cable is intended for installation in accordance with Article 324 of ANSI/NFPA 
70, "National Electrical Code." The cable is marked for use with specific fittings [see Flat Conductor Cable 
Fittings (IKMW)] to make up a particular flat conductor cable, Type FCC, wiring system.
The cable is marked on both sides with the manufacturer's identification, wire size in AWG, Type FCC, 300 V, 
temperature rating and ampacity. Type FCC cable always has one conductor identified as the grounding
conductor and one conductor identified as the grounded conductor. The identification means shall be printing or 
striping the conductor green (grounding) or white (grounded).

Installation instructions are supplied by the manufacturer for use by the general contractor, erector, electrical 
contractor, electrical inspector and others concerned with the installation.

ADDITIONAL INFORMATION
For additional information, see Electrical Equipment for Use in Ordinary Locations (AALZ).

UL MARK
The Listing Mark of Underwriters Laboratories Inc. on the product is the only method provided by UL to identify 
products manufactured under its Listing and Follow-Up Service. The Listing Mark for these products includes 
the UL symbol (as illustrated in the Introduction of this Directory) together with the word "LISTED," a control 
number, and the product name "Flat Conductor Cable, Type FCC."

FLEXIBLE STAGE AND LIGHTING POWER CABLE (ILPH)

USE AND INSTALLATION
This category covers flexible stage and lighting power cable constructed for use in accordance with Article 400 
of ANSI/NFPA 70, "National Electrical Code" (NEC). Flexible stage and lighting cable consists of either a single 
insulated conductor or two or more insulated conductors, with or without fully insulated equipment grounding
conductors, with an overall jacket.

RATINGS
The cable is rated 600 V, 60°C, 75°C, 90°C or 105°C. The cable is intended for use at ampacities in accordance 
with Table 400.5(B) of the NEC. Cable rated 105°C has the same ampacities assigned to 90°C rated cable in 
Table 400.5(B) and is so marked.
Flexible stage and lighting power cable employs flexible stranded copper conductors in a size range of 8 AWG 
to 250 kcmil and is designated as Type SC (thermoset insulation and jacket), Type SCT (thermoplastic 
insulation and jacket) and Type SCE (thermoplastic elastomer insulation and jacket).

PRODUCT MARKINGS
Cable marked "Oil Resistant 60C" is suitable for exposure to oil at 60°C. Cable marked "Oil Resistant 75C" is 
suitable for exposure to oil at 75°C.

Cable marked "water resistant" is suitable for immersion in water.

This cable may be marked "-40C." If so marked, the cable complies with a bend test (not a suppleness test) at -
40°C. Cable marked "-50C," "-60C" or "-70C" complies with a bend test (not a suppleness test) at -50°C, -60°C
or -70°C, as applicable .

ADDITIONAL INFORMATION
For additional information, see Electrical Equipment for Use in Ordinary Locations (AALZ).

REQUIREMENTS
The basic requirements used to investigate products in this category are contained in Subject 1680, "Outline of 
Investigation for Stage and Lighting Cables." 
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FLEXIBLE STAGE AND LIGHTING POWER CABLE (ILPH)
USE AND INSTALLATION
This category covers flexible stage and lighting power cable constructed for use in accordance with Article 400
of ANSI/NFPA 70, "National Electrical Code" (NEC). Flexible stage and lighting cable consists of either a single
insulated conductor or two or more insulated conductors, with or without fully insulated equipment grounding
conductors, with an overall jacket.
RATINGS
The cable is rated 600 V, 60°C, 75°C, 90°C or 105°C. The cable is intended for use at ampacities in accordance
with Table 400.5(B) of the NEC. Cable rated 105°C has the same ampacities assigned to 90°C rated cable in
Table 400.5(B) and is so marked.
Flexible stage and lighting power cable employs flexible stranded copper conductors in a size range of 8 AWG
to 250 kcmil and is designated as Type SC (thermoset insulation and jacket), Type SCT (thermoplastic
insulation and jacket) and Type SCE (thermoplastic elastomer insulation and jacket).
PRODUCT MARKINGS
Cable marked "Oil Resistant 60C" is suitable for exposure to oil at 60°C. Cable marked "Oil Resistant 75C" is
suitable for exposure to oil at 75°C.
Cable marked "water resistant" is suitable for immersion in water.
This cable may be marked "-40C." If so marked, the cable complies with a bend test (not a suppleness test) at -
40°C. Cable marked "-50C," "-60C" or "-70C" complies with a bend test (not a suppleness test) at -50°C, -60°C
or -70°C, as applicable .
ADDITIONAL INFORMATION
For additional information, see Electrical Equipment for Use in Ordinary Locations (AALZ).
REQUIREMENTS
The basic requirements used to investigate products in this category are contained in Subject 1680, "Outline of
Investigation for Stage and Lighting Cables."
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UL MARK
The UL symbol on the product and the Listing Mark of Underwriters Laboratories Inc. on the attached tag, coil, 
reel or smallest unit container in which the product is packaged is the only method provided by UL to identify 
products manufactured under its Listing and Follow-Up Service. The Listing Mark for these products includes 
the UL symbol (as illustrated in the Introduction of this Directory) together with the word "LISTED," a control 
number, and the product name "Flexible Stage and Lighting Power Cable."

INSTRUMENTATION TRAY CABLE (NYTT)

GENERAL
This category covers Type ITC instrumentation tray cable for use only in industrial establishments in accordance 
with Article 727 of ANSI/NFPA 70, "National Electrical Code" (NEC). The cable consists of two or more insulated 
copper or thermocouple alloy conductors enclosed within a nonmetallic jacket. The cable may have a metal 
sheath or armor over the nonmetallic jacket, and may contain grounding conductors and/or optical fiber 
members.

The cable is rated 300 V and is intended for use on circuits rated 150 V or less and 5 A or less. The cable is 
Listed in conductor sizes 22 to 12 AWG. Conductor sizes within a cable may be mixed.

Regarding cable seals outlined in Article 501 of the NEC, Type ITC cable has a sheath considered to be 
gas/vapor tight but the cable has not been investigated for inability to transmit gases through its core.

PRODUCT MARKINGS
The cable identification "TYPE ITC" and other markings are visible on the surface of the nonmetallic jacket.
Cable with thermocouple alloy conductors is intended for thermocouple extension use only and is so marked or 
has the marking "THCPL EXTN."

The temperature rating of the cable is 60°C unless otherwise marked on the cable.
Cable containing optical fiber members is identified with the suffix "OF."
Cable investigated in accordance with the Limited Smoke Test requirements specified in UL 1685, "Vertical-Tray
Fire-Propagation and Smoke-Release Test for Electrical and Optical-Fiber Cables," is marked with the suffix "-
LS."

Cable investigated for direct burial in the earth is marked "DIRECT BURIAL" (or "DIR BUR").

Cable permitted to be used between cable trays and utilization equipment in accordance with Section 727.4(6) 
of the NEC is surface marked with the supplementary letters "-ER" (formerly marked "Open Wiring").

Cable marked "Wet" or "Wet Location" is suitable for use in wet locations. 

Cable for use in hazardous (classified) locations, Class I, Division 1, Groups A, B, C and D, and Class I, Zone 1, 
Groups IIA, IIB and IIC in accordance with the NEC is marked "Type ITC -HL."

ADDITIONAL INFORMATION
For additional information, see Electrical Equipment for Use in Ordinary Locations (AALZ).

REQUIREMENTS
The basic standard used to investigate products in this category is ANSI/UL 2250, "Instrumentation Tray Cable."
The basic standard used to investigate cable marked "Type ITC -HL" is ANSI/UL 2225 "Cables and Cable 
Fittings for Use in Hazardous (Classified) Locations." 

UL MARK
The Listing Mark of Underwriters Laboratories Inc. on the product is the only method provided by UL to identify 
products manufactured under its Listing and Follow-Up Service. The Listing Mark for these products includes 
the UL symbol (as illustrated in the Introduction of this Directory) together with the word "LISTED," a control 
number, and the product name "Instrumentation Tray Cable" or "Type ITC."
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UL MARK
The UL symbol on the product and the Listing Mark of Underwriters Laboratories Inc. on the attached tag, coil,
reel or smallest unit container in which the product is packaged is the only method provided by UL to identify
products manufactured under its Listing and Follow-Up Service. The Listing Mark for these products includes
the UL symbol (as illustrated in the Introduction of this Directory) together with the word "LISTED," a control
number, and the product name "Flexible Stage and Lighting Power Cable."
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Safety Bulletin #23 
Guidelines for Working with Lighting 

Systems and Other Electrical 
Equipment 

All electrical systems and electrically energized equipment are 
potentially hazardous; whether AC or DC: whether 50 volts, 120 volts 
or higher. 

Only employees authorized by the employer to do so should 
connect, disconnect, or operate electrical systems or equipment. 

This Safety Bulletin is intended to warn of potential hazards and 
to recommend safe practices for trained personnel. This Safety 
Bulletin is not intended as a design specification nor an instruction 
manual for untrained persons. 

The City of Los Angeles Department of Building and Safety has 
published BASIC ELECTRICAL SAFETY AND INSPECTION 
GUIDELINES FOR MOTION PICTURE AND TELEVISION 
OFF STUDIO LOT PRODUCTION LOCATIONS. Those 
Guidelines are included with this Safety Bulletin for your information.

GENERAL SAFETY MEASURES 

PLUGGING AND UNPLUGGING ELECTRICAL EQUIPMENT

Visually inspect the condition of the plug, cable, and equipment for 
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any signs of excess wear, frayed cables or exposed current-carrying 
parts. DO NOT USE any equipment in this condition. Return this 
equipment for repair. 

All grounded equipment should be tested for continuity between the 
ground pin on the plug and the metal parts of the lighting equipment 
before it is put into service. Turn off power whenever possible. Be 
sure that all equipment that is being plugged and un-plugged is in the 
off position to avoid creating an arc at the receptacle. Wear protective 
gloves to avoid getting burned from a flash created by a short-circuit 
in the equipment. 

Do not pull on the cord when un-plugging equipment. This can cause 
the ground wire to pull out of its termination in the plug. Always grasp 
the plug firmly to un-plug. 

Check to be certain that you are not plugging Alternating Current 
(AC) to Direct Current (DC). 

REPLACING FUSES AND CIRCUIT BREAKERS 

Over-current protection is one of the most vital parts of the electrical 
circuit since improper protection leads to fire and/or damage to 
equipment. 

When replacing a blown fuse, be sure to select a fuse of proper 
voltage, interrupting capacity, and amperage for the application. Fuses 
come in a wide variety (i.e., one-time, time delay, slo-blow, dual 
element, etc.), and you should obtain fuse catalogs to become familiar 
with the different types. 

Over-current protection must be sized according to the ampacity of the 
conductors and equipment served. Use table 310-16 of the National 
Electrical Code for selecting the proper size for interior permanent 
wiring. Use table 400-5A or B for flexible cords and cables. 

If a circuit keeps tripping or blowing fuses, then you have an overload 
or equipment failure. You must correct the problem by adding more 
circuits, balancing the load, or repairing the equipment. NEVER use 
oversized fuses or circuit breakers or use a copper slug or tubing to 
replace fuses. 

Proper over-current protection must be used whenever there is a 
change in wire or cable size or receptacle rating in the distribution 
system. Adapters that reduce the receptacle rating from the plug that 
feeds them, such as a 100 amp "Bates" to 5-20 amp "Bates", must 
contain a 20 amp fuse or circuit breaker for each of the 20 amp 
receptacles. 

There is one exception to this rule which allows the over-current 
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device to be located 25 feet after a change in cable size. This rule is 
commonly referred to as the "25 foot tap rule". (see Sections 240-21, 
210-19(a), and 520-69 of the NEC) 

POWER TOOLS 

Power tools are dangerous unless they are handled with care and 
respect. If a power tool is treated roughly, dropped, banged around, or 
gets wet, the insulation may weaken and present the possibility of a 
shock hazard. If the operator is standing on a wet conductive surface, 
the shock can be fatal. Secondary wounds can occur even during mild 
shocks if the operator loses control of his tool. 

Power tools should never be carried by their cords and they should 
never be shut off by yanking the cord from the receptacle. This puts 
too much stress on the cord and other connections. Insulating 
platforms, rubber gloves, and rubber mats provide an additional safety 
factor when working with electrically powered tools in damp 
locations. 

Regular inspection and maintenance is important. Check the tool over 
before using it. Is it clean? Is it grounded? The answer to both these 
questions should be "yes". Make sure the cord is in good condition. 
Check the trigger. Make sure it works easily, that it doesn't stick, and 
that the power goes off quickly when the trigger is released. 

When using power tools during construction, Ground Fault Circuit-
Interrupter (GFI) protection is required. Test the GFI device to see if it 
is functioning properly. Portable GFI devices are available and should 
be used when operating tools while standing on an outdoor grade or 
damp concrete. 

ELECTRICAL SYSTEMS SAFETY MEASURES 

RIGGING A SYSTEM 

Use proper lifting techniques when lifting or moving heavy objects 
such as cable or lighting equipment. Do not step directly on equipment 
such as cable. It can roll underfoot and cause a slip or fall. 

When rigging the power distribution equipment, do so with all power 
off whenever possible. Start at the point furthest from the power 
source and work your way back. Ring out the system with a continuity 
tester to check for short circuits or crossed wires before tying on to the 
power source. 

CONNECTING ORDER OF SINGLE CONDUCTORS 

All single conductor connections shall be made in the following order:
1st - Grounds (all AC, and on DC where used) 
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2nd - Neutrals 
3rd - Hots 

Disconnect in the reverse order: 
1st - Hots 
2nd - Neutrals 
3rd - Grounds (all AC, and on DC where used) 

All multi-pole connectors used on AC shall provide for "first make, 
last break" of the ground pole. 

COLOR CODING 

Portable cables and conductors should be color coded in such a way 
that the equipment cannot be improperly connected. 

Neutral conductors shall be permitted to be identified by marking at 
least the first 6 inches from both ends of each length of conductor with 
white or natural gray. 

Grounding conductors shall be permitted to be identified by marking 
at least the first 6 inches from both ends of each length of conductor 
with green or green with yellow stripes. Phase conductors (hots) shall 
be permitted to be identified by marking at least the first 6 inches from 
both ends of each length of conductor with any color other than green, 
green with yellow stripes, white, or natural gray. 

Where more than one nominal voltage exists within the same 
premises, each ungrounded system conductor shall be identified by 
system. This can be done by separate color coding, marking tape, 
tagging, or other equally effective means. 

Where color coding is used to distinguish between different lengths or 
owners of cable, it must be done so that there is no confusion created. 
Yellow should not be used, as it appears white under sodium lighting. 

DEVICES AND CABLES 

Cables and devices must be protected from foot and automobile 
traffic. All electrical distribution systems should be elevated in such a 
manner that they will not come in contact with running or standing 
water. 

When it is necessary to have electrical distribution systems which 
come into contact with water, such systems shall be designed and 
approved for use in water. 

Alligator clips or clamps shall not be used in conjunction with any 
electrical system or equipment. 2-wire, non-polarized DC plugging 
boxes, paddle plugs, and porcelain boxes are not permitted on AC 
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systems. This applies even with the use of an external ground. 

All gang boxes that are supplied by a connector plug that is rated 
higher in ampacity than the receptacles in the gang box shall contain 
fuses sized according to the ampacity of those receptacles. 

All AC multi-pole connectors shall be grounded and polarized. 

All cable shall be listed by an approved testing laboratory. Only types 
"G", "W", or Entertainment Industry Stage Lighting Cable (EISL, SC, 
SCE) is acceptable for single conductor feeder cables. Welding cable 
can be used only for equipment grounding conductors. 

Single conductor connectors used on "hots" and "neutrals" shall be 
connected to the conductors by means of solder, set-screw, or 
crimping. Some methods of preventing pull on a cable from being 
transmitted to joints or terminals are: 

1. winding with tape,  
2. applying heavy-duty heat shrink, or  
3. fittings designed for the purpose.  

Equipment Grounding conductor connection devices or fittings that 
depend solely on solder shall not be used. 

GUARDING OF LIVE PARTS 

Any part that is live or non-insulated must be covered with appropriate 
insulation material or protected or barricaded to protect it from any 
possible contact by person or objects to a point of danger. 

When branching off a system that is tied in, shut off the power if 
possible, and lock-out and/or tag-out all switches that may energize 
the circuit that you are working on. Appropriate precautions shall be 
taken when tying on to an energized system. Be sure that all 
equipment being hooked up is in the `off' position. Be sure to tie on in 
the same order as shown above. Wear safety glasses and gloves, and 
use insulated "T" wrenches and tools. Have someone at the main 
switch standing by in case of an emergency when doing the actual 
hook-up. 

PORTABLE AND VEHICLE MOUNTED GENERATORS 

Read thoroughly any operational manuals provided with the generator. 
If you do not understand any of the instructions, do not attempt to 
operate the generator. Only a qualified operator shall operate a 
generator with an amperage rating in excess of 200 amps. Contact 
your supervisor. The generator should have as much open space as 
possible on all sides to allow maximum ventilation and minimum 
interference. It is important that all generating sets be protected from 
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the elements and from unauthorized access.

Extra precaution must be taken when re-fueling the generator. Use 
U.L. listed fuel nozzles to prevent the build-up of static electricity, 
which could create a spark and explosion. Make sure that all exhaust 
fumes are ventilated away from closed areas, personnel, and air 
conditioning intake ducts. Be aware of hot surfaces and moving parts 
when servicing the generator. 

One of the most obvious and serious dangers associated with electrical 
generating equipment is the potential for electric shock. Even a small 
current can produce severe shock or can prove fatal. There should be 
suitable barriers between buss-bars, and a substantial mat of non-
conductive material or cover over the completed connections to 
prevent accidental contact. 

When tying on to a portable AC generator, the non-current carrying 
metal parts of equipment and the equipment grounding conductor 
terminals of the receptacles shall be bonded to the generator frame. 
The Neutral conductor shall be bonded to the frame, and if the 
generator is mounted on a vehicle, the frame of the generator shall be 
bonded to the frame of the vehicle. 

Generators mounted on trucks or trailers shall be completely insulated 
from earth by means of rubber tires, rubber mats around metal 
stairways and rubber mats under any type of lift gate or jacking 
device. Metal supports for trailers shall be insulated by means of 
wooden blocks. Safety tow chains shall be secured so as to not touch 
the ground. If complete insulation is not possible, a grounding 
electrode system shall be installed per the California Electrical Code, 
Article 250-83(c) or (d). 

Generator Grounding Connections (When Required) 

Interior water pipes, interior metal fixtures, metal frames of 
buildings, and the building grounding electrode system SHALL 
NOT BE USED as a grounding connection for mobile 
generators supplying power EXCLUSIVELY to location 
production systems.  
When mobile generators supply power to location production 
systems IN ADDITION to the building’ s electrical system, the 
generator’ s grounding connection SHALL BE BONDED TO 
THE MAIN BUILDING GROUNDING ELECTRODE 
SYSTEM AT THE SERVICE.  
Multiple generators shall have their grounding connections 
bonded to each other when located within 20 feet of each other 
or when one supplies equipment which might possibly come 
within 20 feet of equipment supplied by the other(s).  
Bonding connectors shall be sized per the California 
Electrical Code, Article 250-96.  
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As the generator operator, you are responsible to ensure that all 
personnel are clear of the equipment before the distribution system is 
energized. 

GROUNDING DIRECT CURRENT/DC SYSTEMS AND 
EQUIPMENT 

Direct current supplied equipment, operating at not over 150 volts 
between the hot and neutral, does not have to be grounded, although it 
is not prohibited. Care should be taken to provide a barrier, either of 
material or space, between grounded and non-grounded devices. 

It is recommended that direct current supplied HMI ballasts be bonded 
together if they are operated within 10 feet of each other. 

If you are using 2-wire, ungrounded equipment on DC, be sure that 
when you rig a set that you do not unintentionally ground any metal 
surface such as hanging green beds from water pipes, etc. This can be 
tested by checking continuity between a "known" ground and any 
metal surfaces that you are likely to come into contact with during 
normal working duties. A "no continuity" reading on the meter 
indicates that there is no ground to that piece of equipment. 

GROUNDING ALTERNATING CURRENT/AC SYSTEMS AND 
EQUIPMENT 

All AC systems used by the motion picture and television industry 
shall be grounded. This generally means that the neutral conductors of 
the various systems shall be the conductor that is permanently 
grounded. 

All AC supplied equipment shall have all non-current carrying metal 
parts grounded by a continuously connected equipment grounding 
conductor, back to the source of power. 

This conductor shall be sized according to Table 250-95 of the 
National Electrical Code. When tying onto house power, the 
grounding conductor must originate from the ground bus in the same 
panel board or switchboard that you tied in to for power. 

CONNECTING TO PREMISES/HOUSE ELECTRICAL 
POWER SOURCE 

Connecting (tying onto) a premises/house electrical power source such 
as a panel board or switch board can create the risk of a serious or fatal 
accident. Such connections should only be made by a qualified person 
specifically authorized to do so. 

In most cases, an electrical permit must be obtained before such work 
is done. If the building employs a house electrician, the connection 
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should be done by or under the direction of that electrician. 

First, you must calculate the existing demand on the electric panel and 
determine if there is sufficient capacity left for your equipment. This 
will prevent over-loading the panel, tripping the main, and shutting 
down the building. Use a spare circuit breaker or disconnect switch 
whenever possible. Use only approved lugs or devices when tying on 
to the panel bus. "Alligator" clamps are not an acceptable device for 
this work. NEVER tie on ahead of the main circuit breaker, fuse box, 
or meter. 

Remember, when removing a panel cover, there will be exposed, live 
parts. Use suitable matting of non-conductive material and barriers to 
protect against accidental contact. Attach the cables in the proper 
order: GROUND, first; NEUTRAL, second; LINE or HOT, last. 
Disconnect in the reverse order. 

Be sure that your portable distribution system has a sufficient 
interrupting rating in the event of a short circuit. Fault currents due to 
ground faults or short circuits from premises/house power can be at 
extremely high levels. Be certain your distribution equipment, 
including the overload protection, is sufficient to handle such high 
currents. After you have finished with the house power and you have 
disconnected your cables, put back all covers and screws that you 
removed. 

   
Copyright © 2004  
IATSE Local 363. 
All Rights Reserved.
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Crawford Studio Generators



Crawford Studio Generators

For nearly half a century, MQ Power’s Crawford studio generators have provided the entertainment industry with

the dependable, long-lasting power it needs to keep the lights on, the music playing and the cameras rolling.

Our studio generators can be customized to meet the 
individual needs of the application and each can be mounted 

on a tandem-axle trailer for easy hauling

The Crawford line is offered in 250-, 500-, 800-, 1400-, and 2400-amp models all powered by reliable Volvo or

Cummins engines for movies, concerts, parades and any other special event. They can be customized to meet the

individual needs of the application and each can be mounted on a tandem-axle trailer for easy hauling. The line

boasts extremely clean power with the electronic governor and voltage regulator holding frequency to +/- 0.25%

and voltage to +/- 1%.



Each Crawford generator places a premium on a 

quiet, powerful performance. Lightweight aluminum

sound-silenced housing and automatic overhead doors

keep noise to a minimum. The units also have a critical

grade exhaust silencer, an oversized radiator, two layers

of acoustic insulation, engine-mounted isolators to

reduce sound transfer and vibration, and engines that

satisfy all EPA emissions standards.

Each unit contains analog or 
digital control panels configured 

to meet the operator’s needs 

The Crawford line of studio generators contains analog

or digital control panels configured to meet the operator’s

needs while an overhang panel protects the instrumen-

tation. Large doors on each generator allow technicians

easy access to all internal parts. Our portable design

also facilitates easy transportation to and from any

entertainment or special event. 

Since many entertainment events are outdoors, the

generators feature weather-tight enclosures to withstand

the elements and promote a longer life. And to keep

up with the changing tastes and fashion within the

entertainment industry, custom colors and a wide range

of other unique options are also available. 

So the next time your favorite band takes the stage, 

a musical hits broadway, or filming begins on next

summers blockbuster hit, you can always count on

MQ Power’s Crawford Studio Generators never 

skipping a beat. 

MQ Power. Perfecting power generation.
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Crawford Studio Generators — Specifications

Model EGS250H EGS500C EGS800V EGS1400V EGS2400V

Generator
Design Revolving Field, Self-Ventilated, Drip-Proof, Single Bearing

No. of Poles 4 Poles

Excitation Brushless with AVR

Prime Output kW (kVA) 30 (37.5) 60 (75) 100 (125) 175 (218.75) 283 (353.75)

Generator RPM 1800

Voltage – 3 phase 208, 220, 240, 416, 440, 480

Voltage – 1 phase 120, 127, 139, 240, 254, 277

Armature Connection 12-Lead WYE

Voltage Regulation
(No Load to Full Load)

Power Factor 0.8

Frequency 60 HZ

Insulation Class H

Diesel Engine
Make/Model Hatz Air Cooled Cummins Volvo Volvo Volvo

4L41C 4BTA3.9-G4 TAD630VE TWD731VE TAD1240GE

Starting System Electric Motor, Solenoid Shift

Design Direct Injection Direct Injection Direct Injection Direct Injection Direct Injection 
Naturally Aspirated Turbocharged Turbocharged Turbocharged Turbocharged 

Aftercooled Aftercooled Air To Air
Aftercooled

Displacement 3432 cc 3900 cc 5480 cc 6700 cc 12,130 cc

No. of Cylinders 4 4 6 6 6

Bore x Stroke In (mm) 4.02 x 4.13 4.02 x 4.72 3.88 x 4.72 4.12 x 5.12 5.16 x 5.91
(102 x 105) (102 x 120) (98 x 120) (104 x 130) (131 x 150)

HP at Rated Speed 50 93 189 178 408

Fuel Consumption
at Full Load Gph (lph) 2.5 (9.5) 4.8 (18.2) 8.1 (30.7) 11.7 (44.3) 22.9 (86.7)
at 3/4 Load Gph (lph) 1.9 (7.2) 3.2 (12.1) 6.1 (23.1) 9.1 (34.4) 17.5 (66.2)
at 1/2 Load Gph (lph) 1.12 (4.23) 2.3 (8.7) 4.3 (16.3) 6.2 (23.5) 12.3 (46.6)
at 1/4 Load Gph (lph) 0.8 (3.0) 1.4 (5.3) 2.6 (9.8) 3.4 (12.9) 7.1 (26.9)

Coolant Capacity Gal (liters) N/A 4.1 (15.5) 4.8 (18) 4.2 (15.9) 7.3 (27.6)

Oil Capacity Gal (liters) 3.0 (11.4) 2.9 (11) 5.0 (19) 7.6 (29) 8.2 (31)

Battery 12 VDC System 24 VDC System

Size
L x W x H In (cm) 65 x 39 x 45 96 x 48 x 46 96 x 48 x 87 96 x 48 x 87 120 x 60 x 109

(165 x 99 x 114) (244 x 122 x 117) (244 x 122 x 221) (244 x 122 x 221) (305 x 152 x 227)

Approx Net Wt Lbs (kg) 1200 (448) 3500 (1306) 5500 (2053) 6480 (2419) 9000 (3359)

Amps
Single Phase 120V 250A 500A 833A 1458A 2333A

Single Phase 240V 125V 250A 416A 729A 1166.5A

Three Phase 208V 104A 208A 347A 607A 982A

Three Phase 240V 90A 180A 300A 526A 851A

Three Phase 480V 45A 90A 150A 263A 426A

Optional Trailers
Dimensions In (cm) 167 x 72 x 24 180 x 90 x 22 180 x 90 x 22 180 x 90 x 22 209 x 72 x 26

(424 x 183 x 61) (457 x 229 x 56) (457 x 229 x 56) (457 x 229 x 56) (531 x 183 x 66)

No. of Axles Single Axle Tandem Axle, Electric or Hydraulic Brakes

Fuel Tank Capacity Gal (liters) 60 (227) 160 (606) 160 (606) 160 (606) 350 (1325)

±1%
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Standard Distros   
The Standard DistroBox models are designed around a system approach to power distribution. By combining a number of these boxes the user can easily 
distribute 1200A. of 3 Phase power down to multiple 20, 60 and 100A. circuits. DistroBox enclosures are anozied 5052-H32 marine grade aluminum. All 
wiring devices are UL Listed grounding type. Each outlet is proteced by a UL Listed 10,000 AIC branch rated breaker. All DistroBoxes are UL listed for use in 
the United States and Canada.

Rubber Distros   
The Union Connector Rubber DistroBox is designed for applications that can be challenging for standard aluminum boxes. Movie location and set lighting 
often occur in adverse weather conditions. The use of these new rubber boxes provides the lighting crew with a usable and durable distro in a compact 
package. The entire enclosure is hard rubber molded into a box shape. Wiring devices and breakers are securely mounted inside the enclosure, and 
connected with copper conductors.

Rack Mount Distros   
The RackBox distro is a specialized unit designed to be mounted in a standard 19” EIA rack. This type of distro can have a rating from 30A. single phase to 
400A.three phase. A touring case fitted with a set of EIA rails is the best way to provide a rack mount for the RackBox. The case can be provided by Union 
Connector, or one can be shipped to our factory by the customer for installation by Union Connector electricians.Each RackBox is built to customer 
requirements. 
 
• All units are UL Listed. 
 
• Enclosure materials : Aluminum, Stainless Steel, Galvanized Steel, Steel. 
 
• Meters: Analog, Digital, Multi. 
 
•All circuits are protected by 10,000 AIC branch rated breakers.  
 
•Connector options: Stage Pin, Straight Blade, Twist lock, Cam, 19 Pin, Pin & Sleeve.  
 
•All componets are UL Listed or Recognized.

Custom Distros   

Many power distribution applications require customized solutions. The Spec type DistroBox is that solution. These boxes are custom built to match the 
needs of the user. 
 
• All units are UL Listed. 
 
• Enclosure materials : Aluminum, Stainless Steel, Galvanized Steel, Steel. 
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• Meters: Analog, Digital, Multi. 
 
•All circuits are protected by 10,000 AIC branch rated breakers.  
 
•Connector options: Stage Pin, Straight Blade, Twist lock, Cam, 19 Pin, Pin & Sleeve.  
 
•All componets are UL Listed or Recognized.

Cable / Cable Assemblies   
These are the standard cable sizes available. All extension cables are built using UL Listed Extra Hard Usage cable. Cable size and type is listed for each 
ampacity. Connectors used on these assemblies are UL Listed . Prices for custom lengths and / or connector configurations are available upon application.
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CONNECTORS 
Products | Connectors 
Union Connector is both a distributor and manufacturer of connectors used in the entertainment industry. From 20 Amp pin connectors through 400 
Amp sequential interlock connector panels, Union Connector can provide the electrical connectors you need. We are the one-stop-connector-shop. 
 

Stage Pin   
The 2P&G pin connector manufactured by Union Connector is the standard electrical connector used in theatrical lighting. The pedigree for this device goes 
back to the first pin connectors made by Kleigl Bros. in the 1920's. It is sometimes referred to as a "Bates" connector. This stems from the years that Union 
Connector manufacturered connectors for Bates. Electric in California. Today, the 2P&G connector is the most widely used pin connector in the world. 
 

NEMA   
Union Connector is the distributor for NEMA wiring devices in the entertainment lighting industry. Connectors are available from Leviton, Bryant and Hubbell. 
We keep a large stock of Leviton connectors on our warehouse shelved. If it's not in our stock, we can get a direct shipment to you from a Leviton warehouse
overnight. We are the one-stop-connector-shop. 
 

CAM   
Union Connector is the distributor for CAM connectors in the entertainment lighting industry. Connectors are available from Leviton / ECT and Crouse-Hinds 
Cam-Loc.. We keep a large stock of Leviton/ECT connectors on our warehouse. If it's not in our stock, we can get a direct shipment to you from a Leviton 
warehouse overnight. We are the one-stop-connector-shop. 
 

Multi Pin   
Union Connector is the distributor for CEEP 19-pin and 37-pin connectors in the entertainment lighting industry. Connectors are imported from Spain, and we
keep a large stock of CEEP connectors on our warehosue shelves. In addition to these standard devices, CEEP manufactures a wide variety of multi-pin 
connectors. Contact us for a solution to your multi-pin requirements. We are the one-stop-connector-shop. 
 

Pin and Sleeve   
Union Connector is the distributor for Pin & Sleeve wiring devices in the entertainment lighting industry. Connectors are available from Leviton, Bryant and 
Hubbell. If it's not in our stock, we can get a direct shipment to you from a Leviton warehouse overnight. We are the one-stop-connector-shop. 
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Audio   
Union Connector is the distributor for NEUTRIK wiring devices in the entertainment lighting industry. We keep a stock of connectors on our warehouse 
shelves. We are the one-stop-connector-shop. 
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