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NOTE: This gui de specification covers the
requi renents for power-distribution panel boards and
Iighting and appliance branch-circuit panel boards.

Drawi ngs nust indicate the anpere rating of

panel boards, the nunber of bus bars, and the voltage
characteristics of the systemto which they are to
be connected. Frane size, trip rating, nunber of

pol es, and cl ass of nol ded-case branch-circuit
breakers nmust be indicated. Interrupting rating
nmust be shown for power distribution panel boards and
for lighting and appliance branch-circuit

panel boards if the latter have an interrupting
rating of nore than 10,000 anperes rns symetri cal

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
i nsert appropriate information

Remove information and requirenments not required in
respective project, whether or not brackets are
present.

Comrent s and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
desi gnation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnitted as
a Criteria Change Request (CCR)
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PART 1 GENERAL

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
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specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ELECTRONI C | NDUSTRI ES ALLI ANCE (EI A)

El A 416 (1974; R 1981) Filters for Radio
Interference

EIAIS 46 (1987) Test Procedure for Resistance to
Sol deri ng (Vapor Phase Techni que) for
Surface Mount Devices
NATI ONAL AERONAUTI CS AND SPACE ADM NI STRATI ON ( NASA)

RCBEA GUI DE (2004) NASA Reliability Centered Buil ding
and Equi pnent Acceptance Gui de

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NENVA 250 (2008) Enclosures for Electrical Equipnment
(1000 Vol ts Maxi mum

NEVA AB 1 (2002) Mbl ded-Case Circuit Breakers,
Mol ded Case Switches, and G rcuit-Breaker
Encl osures
NEVA PB 1 (2006) Panel boards
NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 70 (2008; TIA 08-1) National Electrical Code
U. S. DEPARTMENT OF DEFENSE ( DOD)

M L- HDBK 232 (2000; Rev A; Notice 2) Red/Black
Engi neering - Installation Guidelines

U.S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

FED- STD- 595 (Rev C) Colors Used in Governnent
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1.

1.

Pr ocur emrent
UNDERWRI TERS LABORATORI ES (UL)
UL 67 (2009) Standard for Panel boards

2 GENERAL REQUI REMENTS
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NOTE: If Section 26 00 00.00 20 BASI C ELECTRI CAL
MATERI ALS AND METHODS is not included in the project
specification, applicable requirenents therefrom
shoul d be inserted and the foll ow ng paragraph

del et ed.
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Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS applies to
work specified in this section.

Submit Detail Draw ngs for the panel boards consisting of fabrication and
assenbly drawi ngs for all parts of the work in sufficient detail to enable
the Government to check conformty with the requirenments of the contract
docunents. Include within drawi ngs details of bus |ayout.

Ensure Qutline Drawi ngs for panel boards indicate overall physical features,
di mensi ons, ratings, service requirements, and wei ghts of equiprent.

Statenents signed by responsible officials of a manufacturer of a product,
system or material attesting that the product, systemor material neet
specified requirenents. Statenents nust be dated after the award of this
contract, name the project, and list the specific requirenments which it is
i ntended to address.

3 SUBM TTALS
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NOTE: Review Subnmittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submittals should be kept
to the mininmumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
subnmittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
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District OOfice); "AO" for Area Ofice; "RO' for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.
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CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. When used, a designation follow ng the
"G' designation identifies the office that will review the subnmittal for
the Government.] Submt the followi ng in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
Submit Detail Drawi ngs and Qutline Drawi ngs for panel boards in
accordance with paragraph entitled, "CGeneral Requirements," of
this section.
SD- 03 Product Data
Submit manufacturer's catalog data for the follow ng itens:
Panel boar ds
Directory Card and Hol der
Filtered Panel board

SD- 04 Sanpl es

Ensure that Keys are properly tagged and delivered to the
Contracting Oficer.

SD-06 Test Reports
Submit test reports for the following tests in accordance with the
paragraph entitled, "Site Testing," of this section. Do not
energi ze panel boards until the recorded test data has been
submitted to and approved by the Contracting O ficer.
Continuity Tests
I nsul ation Tests

SD-07 Certificates

Submit Statenents in accordance with paragraph entitled, "GCeneral
Requirements," of this section.

SD- 08 Manufacturer's Instructions
Submit manufacturer's instructions for Panel boards incl uding

special provisions required to install equi pment conponents and
system packages. Special notices shall detail inpedances, hazards
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and safety precautions.

1.4 PREDI CTI VE TESTI NG AND | NSPECTI ON TECHNOLOGY REQUI REMENTS
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NOTE: The Predictive Testing and Inspection (PT&)
tests prescribed in section 01 86 26.07 40
RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL
SYSTEMS are MANDATORY for all [NASA] [_ ] assets
and systens identified as Critical, Configured, or

M ssion Essential. |f the systemis non-critical
non- confi gured, and not nission essential, use sound
engi neering discretion to assess the value of adding
these additional test and acceptance requirenents.
See Section 01 86 26.07 40 RELI ABI LI TY CENTERED
ACCEPTANCE FOR ELECTRI CAL SYSTEMS for additional
information regarding cost feasibility of PT&

R R R I R I R I I I R R R I R R I R I R R I R R R I R I R R O O

Thi s section contains systens and/or equi pment components regul ated by
NASA's Reliability Centered Buil ding and Equi pment Acceptance Program
This programrequires the use of Predictive Testing and Inspection (PT&)
technol ogies in conformance with RCBEA GUI DE to ensure buil di ng equi pnent
and systens installed by the Contractor have been installed properly and
contain no identifiable defects that shorten the design life of a system
and/or its components. Satisfactory conpletion of all acceptance
requirenents is required to obtain Governnent approval and acceptance of
the Contractor's work

Perform PT& tests and provide submttals as specified in Section
01 86 26.07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS

PART 2 PRODUCTS
2.1 PANEL BOARDS

Totally encl ose power-distribution panel boards and |ighting and appliance
branch-circuit panel boards in a steel cabinet, dead-front circuit breaker
type with copper buses, surface- or flush-nounted as indicated. Ensure
panel boards conformto NEMA PB 1 and NEVMA AB 1. Branch circuit panels
shal | have buses fabricated for bolt-on type circuit breakers.

An outer door or cover, hinged on one side, shall be provided on
surface-mount ed panel boards to provide gutter space access. Provide a
center door for circuit breaker/switch access only.

Vol tage and current rating, nunber of phases, and nunber of wires shall be
as indicated. Provide four-wire distribution panel boards and |ighting and
appl i ance branch-circuit panel boards with an isolated full-capacity neutra
bus. Ensure panel boards are rated for [240-volt (maxi num, single-phase]

[ 120/ 208-vol t, three-phase] [277/480-volt, three-phase], 60-hertz current.

Provi de t hree-phase, 4-wire and singl e-phase, 3-wire distribution |ighting
and branch circuit panel boards with an isolated full-capacity bus providing
spaces for single-pole circuit breakers/sw tches and spaces indicated as
spare.

Provi de panel boards with a separate groundi ng bus bonded to the encl osure.
Groundi ng bus shall be a solid bus bar of rectangular cross section
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equi pped with binding screws for the connection of equipnent groundi ng
conduct ors.

Each panel board, as a conplete unit, shall have a short-circuit current
rating equal to or greater than the integrated equi pnent rating shown on
t he panel board schedul e or as i ndicated.

Ensure panel boards and nmain lugs or main breaker have current ratings as
shown on the panel board schedul e.

Bus bar connections to the branch circuit breakers shall be the
"distributed phase" or "phase sequence" type. Single-phase, three-wire
panel board busing shall be such that when any two adjacent single-pole
breakers are connected to opposite phases, two-pole breakers can be
installed in any location. Three-phase, four-wi re busing shall be such
that when any three adjacent single-pole breakers are individually
connected to each of the three different phases, two- or three-pole
breakers can be installed at any location. Current-carrying parts of the
bus assenbly shall be plated. Miins ratings shall be as shown.

Mechani cal 1ugs furnished with panel boards shall be cast copper or copper
al l oys of sizes suitable for the conductors indicated to be connected
t hereto.

[ Boxes shall have the nmanufacturer's standard knockouts and shall be
gal vani zed code-gage sheet steel. Fronts shall be of code-gage sheet stee
furni shed with hinged doors with adjustable trimclanps for securing the
fronts to the boxes.

][ Panel board box shall be [gal vani zed] [rust-resistant] code-gage sheet stee
wi t hout knockouts. Ensure entire panelboard front is hinged on one side
with a piano hinge for the full height and has captive screws opposite the
hi nged side. Were panel boards are installed flush with the walls, the
installation details shall be such that the hinged front can be opened
wi t hout damage to the adjacent wall surfaces. Ensure that the color of the
finished coat of trimand front natches the adjacent walls except when the
box is installed in electrical closets or equipnent roons, the gray finish
as specified is acceptable.

] Panel board encl osures shall be NEVA 250, Type 1. Provide enclosures with
hi nged fronts and corrosion-resi stant steel pin-tunbler cylinder |ocks.
Key | ocks alike and provide two keys for each encl osure.

Fi ni sh panel boards with [baked] [fast drying] enanel. Finish color is to
be No. 61 gray conformng to FED STD-595.

2.2 Cl RCU T BREAKERS
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NOTE: Include Section 26 05 70.00 40 H GH VOLTACE
OVERCURRENT PROTECTI VE DEVI CES and Secti on

26 05 71.00 40 LOW VOLTAGE OVERCURRENT PROTECTI VE
DEVICES in the project specification or include the
requi renents herein.
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Circuit breakers shall be the nol ded-case type as specified in Section
26 05 70.00 40 H GH VOLTAGE OVERCURRENT PROTECTI VE DEVI CES and Secti on
26 05 71.00 40 LOW VOLTAGE OVERCORRECT PROTECTI VE DEVICES. Frane and trip
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rati ngs shall be as indicated.

Interrupting rating of circuit breakers shall be as indicated. |f not
shown, the interrupting rating for circuit breakers in [120/208]
[ ]-volt panel boards shall be not less than [10,000] [__ ] anperes

roms symmetrical, and that for breakers in [277/480] [
panel boards shall be not |ess than [25,000] [

] anperes rns symretri cal

Circuit breakers shall be bolt-on type. Plug-in type is not acceptable.
Provi de shunt trips where indicated.

In branch circuit panel boards, branch circuit breakers feeding convenience
outlets shall have sensitive instantaneous trip settings of not nore than
[10] [___ ] times the trip rating of the breaker to prevent repeated
arcing shorts resulting fromfrayed appliance cords. Single-pole 15- and
20-anpere circuit breakers shall be UL listed as "Swi tching Breakers" at
[120 volts ac] [277 volts ac]. Provide UL Cass A (5-mllianpere
sensitivity) ground fault circuit protection on 120-volt ac branch circuit
as indicated. This protection is an integral part of the branch circuit
breaker that al so provides overload and short-circuit protection for branch
circuit wiring. Tripping of a branch circuit breaker containing ground
fault circuit interruption is not to disturb the feeder circuit to the
panel board. A single-pole circuit breaker with integral ground fault
circuit interruption requires no nore panel board branch circuit space than
a conventional slide pole circuit breaker.

Ensure connections to the bus are bolt-on type.

When multiple wires per phase are specified, furnish the circuit breakers
with connectors nade to accompdate nmultiple wres.

Ensure circuit breaker spaces called out on the drawings are conplete with
nounting hardware to permt ready installation of the circuit breakers.

.3 DI RECTORY CARD AND HOLDER

Mount a directory card on the inside of hinged fronts and doors [under
glass][ 0.76 millinmeter 0.030-inch thick mninmumplastic] in a netal frame,
with spaces for circuit nunbers, outlets controlled, and room nunbers.
Wiere hinged fronts or doors are not required, provide the directory card
[under glass][ 0.76 millinmeter 0.030-inch thick mininmumplastic] in a netal
franme nounted on the |eft-hand side of the front trim Directory card
shall identify each branch circuit with its respective and nunbered circuit
br eaker .

.4 FI LTERED PANELBOARDS
.4.1 Cener al

Desi gn panel boards for the distribution, control, and protection of
electrical circuits, providing filtering and shiel ding perfornmance and,
when specified, conformng to ML-HDBK 232. (Portions of ML-HDBK 232 are
classified and will be available only on classified projects to approved
conpani es and indi vi dual s.)

Panel board cabi net shall be [2.7] millineter [12]-gage [__

mnimum wth corrosion-resistant finish and four external mounting
brackets welded to the case. Front door and trimshall be of code gage

SECTION 26 24 16.00 40 Page 8



steel, with gray finish, equipped with directory, holder, adjustable trim
cl anps, hinges, self-latching catch, tunbler |ock and key and shall bear
the UL label. Provide a red diagonal strip across the outside surface of
door and trim

4.2 RF Shi el di ng

Ensure circuit breaker and filter conpartnments are completely

radi o-frequency (RF) shielded and in conpliance with specified shielding
requirenments with front door open. Case seans shall be continuous inert
gas welded. Fit renovable circuit breaker actuator faceplate and the
filter conmpartnment cover with corrosion-resistant RF gasketing material and
install in place with suitable fasteners having a maxi mum spaci ng of [75]
mllineter [3] inches [__ ] on center. Munt RF filter units to the
internal shield wall with sinmlar RF gasketing to ensure RF shiel ding
integrity.

.4.3 Circuit Breaker Actuators

Design circuit breaker operating mechanisnms to maintain RF shielding
effectiveness without limt to time or nunber of operations.

.4.4 Term nal s

Filter term nals shall be of high-tenperature alum na ceram c, continuously
brazed to filter case. Do not use soft solder. Ceranic termninal shal
incorporate a permanently attached flexible lead, with a suitable electric
lug. |Incomng service connections shall be nade to the filter lead at a
UL- approved, flame-retardant standoff insulator, nounted in the filter
conpart ment .

.4.5 At t enuati on

Ensure each filter provides a mninuminsertion |loss of [100] [__
over the frequency range of [14 kilohertz (kHz) to 10 gigahertz (GHz)]
[ ]. Full rated load insertion loss of [100] [__ ]dB in the
frequency range [14 kHz to 20 megahertz (MHz)], to [14] [ ]kHz shall be
nmeasured by a CGovernnent - approved | aboratory.

.4.6 Current

Each filter unit shall be capable of carrying its full rated current
continuously w thout heat rise exceeding[ 50 degrees C 122 degrees F]
[ ] above ambi ent tenperature. Each filter shall be capabl e of

wi t hstanding a [100] [ ]-percent overload for [30] [ ] seconds
wi t hout dammage.

4.7 Vol t age

Each filter unit shall be capabl e of continuous operation at its full rated
voltage and withstanding an initial voltage test of twice its rated voltage
wi t hout dammage.

.4.8 Circuit Breakers

Ensure circuit breakers are rated a m ni mum 10, 000 anperes asymetrical ac

interrupting capacity, 5,000 anperes dc, and are in accordance with
NEVA AB 1.

SECTION 26 24 16.00 40 Page 9



2.4.9 RF Filters

Design RF filter units to suppress and reduce the anplitude of undesired RF
energy conducted by power service lines. Design RF filter units in
conpliance with the applicable requirements of EIA 416.

Filter cases shall be nmade of steel, 1.6 mllinmeter [16]-gage [__ ]

m ni mum corrosion-resistant finish with a blue |acquer over zinc chromate
primer. Conductive groundi ng surfaces shall be either plated or made of
corrosion-resistant steel. Hernetic seans are to be continuous inert gas
wel ded; do not use soft solder. Firmy nount internal conmponents to

wi t hstand applicabl e shock and vibration test requirenents w thout damage.

Fluid i npregnant shall conformto UL nonflammabl e classification. Interna
components shall be fully inpregnated and intimately imersed in the fluid
to obtain the full benefit of cooling by convection flow through the liquid
nmediumto filter case. Conpletely fill filter case with the fluid

i mpregnant .

2.4.10 Filter Discharge Unit

Install a filter discharge unit for three-filtered circuits on the
panel board. Unit shall neet applicable requirements of EIA/ IS 46, and be
installed in accordance with NFPA 70.

2.5 FACTORY TESTI NG
Test conpl ete panel boards in accordance with UL 67.
2.6 PRECAUTI ONARY LABEL
To ensure persons are aware of imedi ate or potential hazard in the
application, installation, use, or maintenance of panel boards, each
panel board shall be conspicuously marked on the trimor dead front shield
with the text (or equivalent) DANGER synbol. |If the panel is supplied with
a door, ensure the label is visible when the door is in the open position.
PART 3 EXECUTI ON
3.1 | NSTALLATI ON
Install panel boards as indicated and in accordance with the manufacturer's
instructions. Fully align and nount panels so that the height of the top

operating handl e does not exceed 1800 millineter [72]-inches [
the finished floor.

Directory-card information shall be typewitten in capital letters to
indicate outlets controlled and final room nunbers served by each circuit
and shall be mounted in hol ders behind protective covering.

3.2 SI TE TESTI NG
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NOTE: If the specified systemis identified as
critical, configured, or nission essential, use
Section 01 86 26.07 40 RELIABILITY CENTERED
ACCEPTANCE FOR ELECTRI CAL SYSTEMS to establish
predi ctive and acceptance testing criteria, above
and beyond that |isted bel ow
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Perform PT& tests and provide subnmittals as specified in Section
01 86 26.07 40 RELI ABILITY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS

Each panel board encl osure key shall be shown to operate the enclosure | ocks
in the presence of the Contracting Oficer.

Panel boards shall be given continuity and insulation tests after the
installation has been conpl eted and before the panel board is energized.

Provi de test equi pnent, |abor, and personnel as required to performthe
tests as specified. Conduct Continuity tests using a dc device with [bell]
[ buzzer] [__ ].

Conduct insulation tests on 480-volt panel boards using a 1, 000-volt

i nsul ation-resistance test set. Record readings every mnute until three
equal and consecutive readi ngs have been obtained. Resistance between
phase conductors and between phase conductors and ground shall be not |ess
than 50 negohms.

Conduct insul ation tests on panel boards rated 300 volts or less using a
500-volt mnimuminsul ation-resistance test set. Record readings after 1
m nute and until the reading is constant for 15 seconds. Resistance

bet ween phase conductors and between phase conductors and ground shall be
not |ess than 25 negohms.

Record test data and include the location and identification of panel boards
and negohm readi ngs versus tine.

-- End of Section --
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