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SECTI ON 26 35 33. 00 40

PONER FACTOR CORRECTI ON EQUI PMENT
08/ 10
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NOTE: This gui de specification covers the

requi renents for netal -encl osed shunt capacitor

equi prent. Drawi ngs shoul d show vol t age and kil ovar
rati ngs and nounting and connection details.

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

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

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

Subnit recommended changes 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
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
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t he i ssue 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.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

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.

ASTM | NTERNATI ONAL (ASTM

ASTM A 1008/ A 1008M (2009a) Standard Specification for Steel,
Sheet, Col d-Rolled, Carbon, Structural,
H gh-Strength Low Al l oy and Hi gh-Strength
Low-Alloy with I nproved Formability,
Sol uti on Hardened, and Bake Hardened

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGQ NEERS (| EEE)
| EEE 18 (2002) Standard for Shunt Power Capacitors
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

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

FED- STD- 595 (Rev C) Colors Used in Government
Pr ocur enment

1.2 SUBM TTALS

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Review Submittal 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. Keep submittals to the

m ni mum required 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
submittal 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 followi ng 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
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(Engi neering Division or other organization in the
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 following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Submit Connection Diagrans for the followi ng in accordance wth
par agraph entitled, "General Requirenents," of this section.

Met al Encl osed Shunt Capacitor Equi pnent
Pol e Line Capacitors
Met al Encl osed Low Vol tage Capacitors

Submit Fabrication Drawings for the following itens in accordance
wi th paragraph entitled, "General Requirenents," of this section.

Capaci t or Equi pnent
Submit Installation Drawings for the capacitor equi pment in
accordance with the paragraph entitled, "Installation," of this
secti on.

SD- 03 Product Data
Submit equi pnent and performance data for the following itens
including life, test, systemfunctional flows, safety features,
and mechani cal automated details.
Met al Encl osed Shunt Capacitor Equi prent
Pol e Line Capacitors
Met al Encl osed Low Vol tage Capacitors
Submit manufacturer's catalog data for the follow ng itens:
Met al Encl osed Shunt Capacitor Equi pnent
Pol e Line Capacitors

Met al Encl osed Low Vol t age Capacitors

SD- 06 Test Reports
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Submit test reports for the follow ng tests on Capacitor Equi pnent
in accordance with the paragraph entitled, "Field Testing," of
this section.

Hi gh- Vol t age Tests
I nsul ati on- Resi st ance Test
Capaci tance Val ue Test

SD- 07 Certificates

Submit Certificates for Capacitor Equi pment in accordance with
paragraph entitled, "General Requirenents," of this section

SD- 08 Manufacturer's Instructions

Subnit manufacturer's instructions for Capacitor Equi pnent
i ndi cating the manufacturer's reconmended operation instructions.

SD- 10 Operation and Mai ntenance Dat a

Submit Operation and Mai ntenance Manuals for the foll ow ng
equi prent :

Met al - Encl osed Shunt Capacitor Equi prent

3 GENERAL REQUI REMENTS

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

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 therefore
shoul d be inserted and the foll ow ng paragraph
del et ed.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

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

Submit Connection Diagrans indicating the relations and connections of the
followi ng itens by showing the general physical |ayout of all controls, the
i nterconnection of one system (or portion of system) with another, and
internal tubing, wiring, and other devices.

Submit Fabrication Drawings for the following itens consisting of
fabrication and assenbly details to be perfornmed in the factory.

Submit Certificates for Capacitor Equi prent show ng conpliance with the
ref erenced standards contained in this section.

.4 FACTORY TESTI NG

Tests on capacitor equipnent nmust include electrical and mechanica
operational tests and dielectric tests. Conduct dielectric tests in
accordance with Testing Standards of | EEE 18 with 60-hertz withstand
voltage rating equal to that of the swi tching device.
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Certified copies of previous tests on simlar equipnent under actua
conditions my be submitted for inmpulse tests, tenperature-rise tests, and
short-circuit tests in lieu of factory tests on actual units furnished.

5 PREDI CTI VE TESTI NG AND | NSPECTI ON TECHNOLOGY REQUI REMENTS

EE IR R R I I R R I I R R I R R Ok S R kR R I Rk I R S O

NOTE: The Predictive Testing and | nspection (PT&l)
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 mi ssion 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 ABILITY CENTERED
ACCEPTANCE FOR ELECTRI CAL SYSTEMS for additiona
information regarding cost feasibility of PT&

EE SRR I Ik S S I S S S I R Sk I I kR Sk I S R Ik S S I kR Sk I S O

Thi s section contains systens and/or equi prent conponents regul ated by
NASA's Reliability Centered Buil ding and Equi prent Acceptance Program
This programrequires the use of Predictive Testing and | nspection (PT&)
technol ogi es 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 conponents. Satisfactory conpletion of all acceptance
requirenents is required to obtain Governnent approval and acceptance of
the Contractor's work

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

PART 2 PRODUCTS

2.

1 METAL- ENCLOSED SHUNT CAPACI TOR EQUI PVENT

Met al - encl osed shunt capacitor equi pnent for connection to 2,400-, 6,900-,
and 13, 200/ 13, 800-volt, three-phase, 60-hertz circuits nust consist of a
conpl ete assenbly of capacitor units including buses, connectors,
current-limting fuses, ventilating fans, sw tching devices, and controls
housed i n a weat herproof metal enclosure in accordance with | EEE 18.
Control and protective devices nust be in accordance with Section

26 05 70.00 40 HI GH VOLTAGE OVERCURRENT PROTECTI VE DEVI CES and Secti on

26 05 71.00 40 LOW VOLTAGE OVERCURRENT PROTECTI VE DEVI CES

Capacitor units nust consist of polypropylene filmand al um num f oi
sections with series-parallel connections and di scharge resistors contained
in hermetically seal ed wel ded steel cases with mounting flanges, immersed
in a nonflammuable liquid dielectric inpregnant. Capacitor housings nmust be
bonded zi nc-coated steel, resistant to corrosion, weather, and abrasion.
Seal two insulating bushings with clanmp tunnel connectors to the case of
each unit and electrically connected to the capacitor section assenbly.
Characteristics of capacitor bushings nust be in accordance with | EEE 18.

Di scharge resistors nmust reduce the residual voltage of the capacitor unit
to 50 volts or less within 5 m nutes after disconnection fromthe source of
supply. Each capacitor nust have an individual insulating fuse.

Capacitors nmust operate satisfactorily at 135 percent of rated kil ovars

SECTION 26 35 33.00 40 Page 6



(kvar), 110 percent of rated voltage, and at anbi ent tenperatures between
m nus 40 degrees and plus 46 degrees C. Voltage and kvar ratings for

encl osed outdoor capacitor units rated at 60-hertz nust be in accordance
with | EEE 18.

House pad- nount ed capacitor equi prrent in weatherproof, self-supporting,
ventilated unit sheet nmetal compartnents joined together to forma
continuous structure, with hinged access doors, base and roof sections,
roof seam covers, and end trims. Access doors must be flanged and nust

cl ose agai nst rubber or simlar weatherproof gasketing material. Provide
ventilated openings with filtered | ouvers and screened vents. Equip doors
with | atches, stops, and door-Ilocking nechanism Base section nust be unit
construction and support capacitor equipnent 150 mllinmeter 6 inches above
the concrete foundation. Design base for jacking and skidding. Provide
lifting lugs for unloading and novi ng equi prent .

Construct sheet metal enclosures fromcold-rolled carbon-steel sheets of
commercial quality with stretcher-level flatness not |ess than 1.9
mllimeter 14 gage, in accordance with ASTM A 1008/ A 1008N. Reinforce each
compartment with structural menbers and wel ded together. Gind welds to a
snooth flat surface before painting. Provide capacitor equipnent with a
ground termnal for grounding the stationary structure and equi pnent.

Provi de capacitor conpartments with racks for nounting individual capacitor
units in one, two, or three tiers, with not nore than two rows of units per
tier. Enclosures having one row of units per tier must be accessible from
one side only.

Phase and neutral buses for the connection and interconnection of capacitor
units rmust be bare rigid solid copper busbar of rectangul ar cross section,
insulated fromthe enclosure. Contact surfaces of all main bus and cable
tap connections nust be silver plated and bolted together to ensure maxi mum
conductivity.

Phase and neutral buses for the connection to underground cabl es and
capacitor units rmust be bare rigid solid copper busbar of rectangul ar
cross-section insulated fromthe enclosure. Contact surfaces of all main
bus connections nmust be silver plated and bolted together to ensure maxi mum
conductivity.

Each capacitor unit nust be individually fused with current-limting fuses
that have an interrupting rating of 60,000 anperes and provide visua
i ndi cation of fuse operation.

Provide top of capacity conpartnents with thernostatically controlled fans
for forced-air ventilation of capacitor units. Provide one 190 watt 1/4
hor sepower notor-driven fan for each 600 kvar of installed capacity or
fraction thereof. Fan nmotors nust be for 115-volt, single-phase, 60-hertz
current and individually fused or thernally protected. Thernostats nust
control the operation of fans within prescribed tenperature limts.

Power entrance conpartnents nust include insul ated phase and neutral bus, a
short-circuiting and grounding switch, and provisions for term nating
under ground cabl es.

Mechani cally interlock short-circuiting and grounding switch with al

capaci tor conpartnent doors to prevent access to capacitor units unless
phase and neutral buses are short circuited and grounded. Short-circuiting
and grounding switch nmust be Kirk key-interlocked with the renote circuit
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2.

di sconnecting and protective device to ensure the proper sequence of
operati on.

.2 PCLE LI NE CAPACI TORS

Pol e |ine capacitors nust be power |ine, power factor connection type for
2.4 kilovolts (kV), 5 kV, and 13.2/13.8 kV, 60 hertz and | ocated and
installed as indicated. Pole supporting hardware rmust be hot-dip

gal vani zed steel designed for NEMA standard capacitor units. Attachnent
hardware nmust be corrosion resistant. Poles supporting capacitors must not
be smaller than 200 nmillineter 8 inches in dianeter at the point of
attachnent.

.3 METAL- ENCLOSED LOW VOLTAGE CAPACI TORS

Met al - encl osed capacitors for 600-volt circuits and bel ow nmust consi st of

i ndi vidual enclosed units with insulators, connectors, and hardware housed
in a protective enclosure. Individual cells nust be fused and provided
with discharge resistors to reduce voltage to 50 volts or less in 1 mnute.

Operate capacitor banks within a range of plus or mnus 40 degrees C

| mpregnat e capacitor cells with a nonflanmable (PCB-free) dielectric.
Provi de capacitor banks in banks with welded, 1.9 mllineter, 14-gage,
ASTM A 1008/ A 1008\ steel, zinc coated. Al other requirenents nust be as
required for high-voltage installation. Paint color nust be in accordance
w th FED- STD- 595.

4 PREVENTI ON OF CORROSI ON

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

NOTE: For all outdoor applications and all indoor
applications in a harsh environment refer to Section
09 96 00 H GH PERFORMANCE COATI NGS. High
perfornmance coatings are specified for all outdoor
applications because ultraviolet radiation will
break down nost standard coatings, causing a
phenonmena known as chal ki ng, which is the first
stage of the corrosion process. For additiona

i nformati on contact The Coatings Industry Alliance,
specific suppliers such as Keeler and Long and PPG
and NACE International (NACE)

EE R R R S I R I R I R I R S R R R R R O S R R I R R R R R S R R R R

Protect netallic materials against corrosion. Equipnent nust have the
standard finish by the manufacturer when used for nost indoor
installations. For harsh indoor environnments (any area subjected to

chem cal and/or abrasive action), and all outdoor installations, refer to
Section 09 96 00 H GH PERFORMANCE COATI NGS

PART 3 EXECUTI ON

3.

1 | NSTALLATI ON

Install and connect Capacitor equi pnent in accordance with the
manuf acturer's installation instructions.

Make ground connections to a driven ground rod or counterpoise, as
i ndi cat ed.
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Submit Installation Drawings for the capacitor equi pnment. Draw ngs mnust
i nclude details of equipnment room | ayout and design.

.2 FI ELD TESTI NG

R R R I R I R R I R R I R I I R I R R I S R R R R R I O

NOTE: |If the specified systemis identified as
critical, configured, or mssion essential, use
Section 01 86 26.07 40 RELI ABI LI TY CENTERED
ACCEPTANCE FOR ELECTRI CAL SYSTEMS to establish
predi ctive and acceptance testing criteria, above
and beyond that |isted bel ow

EE R R I R I R R I I I R R R I R I R R I I R kI I O

Perform PT& tests and provide subnmittals as specified in Section
01 86 26.07 40 RELI ABILITY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS

Di sconnect mmin bus of high-voltage capacitor equiprment fromthe circuit
cabl es, and ground the capacitors and the equi pnment encl osure before
conducting insul ati on and hi gh-voltage tests.

Mai n bus of capacitor equi pnment nmust be given an insul ation-resistance test
with a 5000-volt insulation test set for units 5 KV and above, 2, 500-volt

i nsul ati on-resi stance test set for units 2.4 kVto 5 kV, and 1,000 volts
for units 600 volts and bel ow.

Apply tests for not less than 5 minutes and until three equal consecutive
readings, 1 mnute apart, are obtained. Record readings every 30 seconds
during the first 2 mnutes and every minute thereafter. M ninum acceptable
resi stance nust be 100 negohns.

Upon satisfactory conpletion of the insulation-resistance test, subject
mai n bus to a high-voltage DC (H -pot) test. Test voltage nust be equal to
75 percent of the factory test values and applied for 1 mnute.

Upon satisfactory conpletion of all bus testing, confirmthe capacitor's
val ue by perfornming a Capacitance Value test. Discharge the capacitor and
measure the capacitance per the manufacturer's instructions. The

measur enent nust be between 100 percent and 110 percent of nanepl ate.

Val ues between 90 percent and 100 percent, and 110 percent and 120 percent
require investigation. Values outside these limts indicate a shorted
groups of internal |ayers and the capacitor nust be considered defective.

Upon satisfactory conpletion of the capacitance test, subject the capacitor
to a dielectric strength test using a DC voltage of 75 percent of the
original factory test voltage. Test voltage should be held for 10 seconds.
During application of test voltage listen for any indication of interna
arcing. If any is heard the unit is defective.

Upon satisfactory conpletion of the dielectric test, remeasure the
capaci tance of the capacitor to insure no damage had occurred during the
dielectric test. Results nust not vary nore the 2 percent over the
ori gi nal readings.

Fi nal acceptance nmust depend upon the satisfactory perfornmance of the

equi prrent under test. Capacitor equi pnent nust not be energized unti
recorded test data have been approved by the Contracting Oficer. Provide
final test reports to the Contracting Oficer. Reports nust have a cover
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letter/sheet clearly marked with the System nane, Date, and the words
"Final Test Reports - Forward to the Systens Engi neer/Condition Mnitoring
OficelPredictive Testing Group for inclusion in the Mintenance Dat abase."

-- End of Section --
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