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PART 2 PRODUCTS

1 270 VDC CONVERTER
2.1.1 El ectrical Characteristics
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SECTION 26 35 44

270 VDC SOLI D STATE CONVERTER
08/ 21, CHG 1: 05/24

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification has been
specifically limted to cover the requirenents for

t he procurenent, installation, and testing of 72 kW
270 VDC solid state converters.

For Navy projects, the use of any other size
converter is no longer authorized. |If a different
size unit is required for a specific project,

contact NAVFAC Atlantic (LANT), Code DC 44 -
Electrical Criteria Manager at (757) 322-4327 for
aut horization, and for the additional requirenments
necessary to appropriately nodify this specification

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

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

NOTE: These converters are used to supply 270 VDC
and |imted anmobunts of 28 VDC el ectrical power to
aircraft in shore facility environments. Typica
applications include aircraft operating in flight
line conditions or in hangars, avionics shops,

| aboratories, training buildings, flight sinulators,
and computer roons.
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This specification is not to be used for procurenent
of power converters installed on board aircraft or
shi ps wi thout specific authorization from Naval Air
Warfare Center Aircraft Division (NAWAD Power and
Energy Division (AB43) at (301) 342-4161), and from
the Naval Sea Warfare Comand (contact the Technica
Warrant Officer for the appropriate ship
classification).

This specification is not intended for
nmedi um vol t age appl i cati ons.

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For Navy projects, incorporate the special
SUBM TTAL REVI EW PROCESS par agraph in the SUBM TTALS
section. Coordinate with NAVAIR NAVFAC, and the
Activity to see whether the "review and approval ",

or the "surveillance only" options are required.

1) |If "review and approval" (reach-back support) is
desired, for a specific NAVFAC project, the

techni cal representative (electrical engineer)
editing this docunent for that project nust contact
NAVFAC LANT for consultation during the design stage
of the project, prior to including the requirenent
in the specification. Point of Contact (POC)
information is included in the first introductory
technical note

2) If "surveillance only" is agreed to, it requires
the submittal information to be sent to NAVAIR and
NAVFAC LANT for review and comment at the sane tine
as the information is being sent to the Designer of
Record for Review and Approval. The surveillance
node woul d gi ve NAVAI R or NAVFAC LANT t he
opportunity to confirm conpliance, without

i nadvertently holding up the project if the
appropriate personnel are not available to do the
reviewin a timely manner.

The El ectrical Designer of Record nust also insure
that the Division 1, Section 01 33 00 SUBM TTAL
PROCEDURES, par agraphs FORWARDI NG SUBM TTALS

REQUI RI NG GOVERNVENT APPROVAL and SUBM TTALS
RESERVED FOR NAVFAC [ ] APPROVAL of the project
docunent are edited to identify the agreed upon
speci al process.

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordination is required between this section
and the project power systens study to detern ne

whi ch of the standardized Arc Flash Warning | abel s
are required on the equi pnent. These |abels

(G aphics) are available in netric (SI) and U. S
Customary (I P) system di nmensions. Use these files
to devel op project specific draw ngs.
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Fi | e Nane Description
ARCFLASH Arc Fl ash Varni ng Label

NOTE: To downl oad UFGS Fornms, G aphics, and Tabl es,
go to: https://ww. wbdg. org/ffc/dod/unified-
facilities-guide-specifications-ufgs/fornms-graphics-tables

Go to the specification section nunber, select the
appropriate Electrical.zZIP file(s) and extract the
desired details.

Do not include the Arc Flash Warning Labels in the

project specifications. |Insert the appropriate
details on drawi ngs and nodi fy optional and bl ank
itens.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

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

NOTE: To the Project Specification Editors: The
following two Attachnments are included with the pdf
version of this specification section and are

ref erenced several times.

File Nane |Description

Fi gure Transi ent Vol tage Recovery Rev 07 26 21
263544-1 Limts for 270 VDC

Fi gure Transi ent Vol tage Recovery Rev 07 26 21
263544-2 Limts for 28 VDC

VWhen devel opi ng your final project docunents, you
must downl oad and attach the pdf versions of both
figures to the end of this edited Section 26 35 44
270 VDC SOLI D STATE CONVERTER.

NOTE: To downl oad UFGS Fornms, G aphics, and Tabl es,
go to: https://ww. wbdg. org/ffc/dod/unified-
facilities-guide-specifications-ufgs/fornms-graphics-tables

Go to the specification section nunber, select
Figure 263544 -1 and Figure 263544-2 and downl oad.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The follow ng infornation nust be shown on
t he project draw ngs:

1. Show location of all equipnment including
converter, paralleling controls when required, and
renote nonitoring and control panels.

2. Provide functional block diagram single line

di agrams, power, and control w ring interconnection
di agrams, wiring diagranms, conduit entry di agrans,
equi prent el evati ons, mai ntenance envel ope, limting
di mensi ons, and equi prent ratings which are not
covered in the specifications.
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3. Design equipnment roons with working spaces as
requi red by NFPA 70 and manufacturers extra
[imtations. Provide ventilation for equi prment
roonms based on converter conponents heat | oad
gener at ed when operating at 100 percent | oad.
Provi de 60 Hz conveni ence receptacles.

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Ensure that the 270 VDC distribution systens
are properly coordinated including the ratings of

t he power cables, ground cables, circuit breakers,
transformers, filters, rectifiers, and control

equi prent. Provide cal culations in Basis of Design
per UFC 3-501-01, Electrical Engineering, including
vol tage drops, which can be critical in DC systens.

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

PART 1 GENERAL

1.1 REFERENCES

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

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

t hi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (R D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference 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 fication when you choose to reconcile
references in the publish print process.

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

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

ASTM | NTERNATI ONAL (ASTM

ASTM D709 (2017) Standard Specification for
Lam nated Thernosetting Materials

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE 100 (2000; Archived) The Authoritative
Dictionary of | EEE Standards Terns

| EEE 519 (2022) Standard for Harnonic Control in
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El ectri cal Power Systemns

| EEE 1159 (2019) Recommended Practice on Mnitoring
Electric Power Quality

| EEE C2 (2023) National Electrical Safety Code

| EEE C62.41.1 (2002; R 2008) Cuide on the Surges

Envi ronnment in Low Voltage (1000 V and
Less) AC Power Circuits

| EEE C62.41.2 (2002) Reconmended Practice on
Characterization of Surges in Low Voltage
(1000 V and Less) AC Power Circuits
| NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)
NETA ATS (2021) Standard for Acceptance Testing
Specifications for Electrical Power
Equi pnent and Systens
| NTERNATI ONAL ELECTROTECHNI CAL COWM SSI ON (| EC)
| EC 60947-4-1 (2023) Lowvoltage Switchgear and
Control gear, Part 4-1: Contactors and
Motor Starters - El ectronechani cal
Contactor and Motor Starters
NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NENMA 250 (2020) Enclosures for Electrical Equi prent
(1000 Vol ts Maxi mun

NENVA ST 20 (2014) Dry-Type Transformers for GCeneral
Appl i cations

NENVA Z535. 4 (2023) Product Safety Signs and Labels
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (2023; ERTA 7 2023; TIA 23-15) National
El ectrical Code

NFPA 70E (2024) Standard for Electrical Safety in
t he Workpl ace

SCClI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)
SAE AS7974 (2010; Rev A) Cable Assenblies and
Attachabl e Plugs, External Electrical
Power, Aircraft
SAE AS7974/5 (2017; Rev A) Cable Assenbly, External
El ectrical Power, Aircraft,
Si ngl e- Jacketed 270 VDC, 90 KW
U. S. DEPARTMENT OF DEFENSE ( DOD)

M L- STD- 704 (2016; Rev F; Change 1; Notice 3 2021)
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Aircraft Electric Power Characteristics
UNDERWRI TERS LABORATORI ES (UL)

UL 467 (2022) UL Standard for Safety G ounding
and Bondi ng Equi pnent

UL 489 (2016; Rev 2019) UL Standard for Safety
Mol ded- Case Circuit Breakers, Ml ded-Case
Swi tches and Circuit-Breaker Encl osures

UL 506 (2017; Reprint Jan 2022) UL Standard for
Safety Specialty Transforners

UL 1012 (2010; Reprint Apr 2016; Rev Mar 2021) UL
Standard for Safety Power Units O her than
Cass 2

UL 1449 (2021; Reprint Dec 2022) UL Standard for

Safety Surge Protective Devices

[1.2 RELATED REQUI REMENTS

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

NOTE: Include this optional reference to Section

26 08 00 APPARATUS | NSPECTI ON AND TESTI NG when it is
al ready being used and referred to for other

el ectrical equiprment on the project. Coordinate

wi th optional paragraph in PART 3.

Coordi nate converter equi pnment with Governnent's
cybersecurity requirenents and i nterpretations.
Include this optional reference to Section 25 05 11
CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS
if the 270 VDC systemincludes renote control or
renote access capability.

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

Section [26 08 00 APPARATUS | NSPECTI ON AND TESTING [and 25 05 11
CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS] applies to this
section, with the additions and nodifications specified herein.

]11.3 DEFI NI TI ONS

Unl ess ot herwi se specified or indicated, electrical and electronics terns
used in these specifications, and on the draw ngs, nust be as defined in
| EEE 100.

1.4 SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the subnmittals
required for the project. The Guide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G'. GCenerally, other
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submittal items can be reviewed by the Contractor's
Quality Control System Only add a "G' to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

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

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

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

NOTE: Ensure the optional bracketed "Renote
Moni toring and Control Panel" is not included when
that equi pment is not included in the body of the

speci fication.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

SD- 02 Shop Drawi ngs
Converter Drawings; G, [ 11

SD- 03 Product Data

Converter; G, [ 1]

270 VDC Aircraft Power Cable Assenbly; ¢, [ 1]
28 VDC Interlock; ¢, [ 11

Renote Monitoring and Control Panel; ¢, [ 11

SD-06 Test Reports

Wrk Plan; ¢, [ 11

SECTI ON 26 35 44 Page 10



Routine Factory Test Plan; G, [ 11

Speci al Factory Test Plan; ¢, [_ 11

Factory Test Schedule; ¢, [ 11

Routine Factory Tests Certification; ¢, [ 11
Speci al Factory Tests Certification; C[, [__ 1]

SD- 07 Certificates
Qualifications of Manufacturer; C[, [

Nati onal | y Recogni zed Testing Laboratory (NRTL) Listing; C,
[ 1]

SD-09 Manufacturer's Field Reports
Field Test Plan; G, [__ 11
Field Test Schedule; ¢, [ 11
Field Test Certification; C[, |
Trai ning Syllabus; ¢, |

SD-10 Operation and Mai ntenance Data

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

NOTE: Coordinate with options under paragraph
OPERATI ON AND MAI NTENANCE MANUALS.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Converter O&W, Data Package 5; C[, |
Prelimnary Converter O&Mv, Data Package 5; C[, [ 11

[ Renote Mnitoring and Control Panel, Data Package 5; C[, [_ 11

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

NOTE: On Navy projects, include at |east one of the
bracketed options below. The first option is for
surveillance only, and the second option is for

conpl ete approval where "reach-back support” has

al ready been coordinated with either NAVAI R or
NAVFAC LANT per the third introductory Techni cal
Note. Add the appropriate information in Section

01 33 00 SUBM TTAL PROCEDURES to coordinate with the

speci al requirenents.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

[1.4.1 CGovernment Submittal Review

[ NAWCAD Air Vehicle Electrical Power Systems G oup (AB43), (301) 342-4161
[and Code DC 44, NAVFAC LANT, Naval Facilities Engi neering Systemns
Conmand] will provide surveillance. |f they have comrents or concerns,
they will contact and coordinate resolution of their coments with the

SECTION 26 35 44 Page 11



appropriate approvi ng agent.

[ (NAWCAD Air Vehicle Electrical Power Systems G oup (AB43), (301)
342-4161][ Code DC 44, NAVFAC LANT, Naval Facilities Engi neering Systens
Conmand] [ ] will review and approve all submittals in this section
requi ri ng Governnment approval .

11.5 QUALI TY ASSURANCE

1

1

.5.1 Regul at ory Requi renents

In each of the publications referred to herein, consider the advisory
provisions to be mandatory, as though the word, "nust" had been
substituted for "shoul d' wherever it appears. Interpret references in

t hese publications to the "authority having jurisdiction," or words of
simlar meaning, to mean the Contracting O ficer. Equipnent, materials,
installation, and workmanshi p must be in accordance with the mandatory and
advi sory provisions of NFPA 70 unless nore stringent requirenents are
speci fied or indicated.

.5.2 St andard Products

Provide material s and equi prent that are products of manufacturers

regul arly engaged in the production of such products which are of equa
materi al, design and workmanshi p. Products nust have been in satisfactory
commercial or industrial use for 5 years prior to bid opening. The 5-year
peri od nust include applications of equipnent and materials under simlar
circunmstances and of simlar size. The product must have been on sale on
t he conmerci al market through advertisements, manufacturers' catal ogs, or
brochures during the 5-year period. Were two or nore itens of the sane
cl ass of equipnment are required, these itens nust be products of a single
manuf acturer; however, the conponent parts of the item need not be the
products of the sane manufacturer unless stated in this section

.5.2.1 Alternative Qualifications

Products having | ess than a 5-year field service record will be acceptable
if acertified record of satisfactory field operation for not |ess than
6000 hours, exclusive of the manufacturers' factory or |aboratory tests,

i s furnished.

.5.2.2 Mat eri al and Equi pnent Manufacturing Date

Products manufactured nore than 1 year prior to date of delivery to site
must not be used, unless specified otherw se.

5.3 Converter Draw ngs

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

NOTE: Provide a detail on the draw ngs that
identifies the location, mounting and permtted
mai nt enance access areas for each converter

For Navy projects, include the bracketed options

that require surface mounting against the wall, and

prohi bits rear access to converter
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Furni sh scal ed drawi ngs of enclosure outline including front, top, side
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1

1

vi ews, and overall dinensions. Include "naintenance envel ope" di nensions
confirmng space limtations identified on the draw ngs[, and surface
mounting flush against the wall.[ Rear access for maintenance and repair
purposes is prohibited]]. The "mai ntenance envel ope" draw ngs nust al so

i ndi cate adequate cl earance for operation, maintenance, and repl acenent of
operating equi pnent devices. Provide external power and control wring,
cabling, connector, and backpl ane i nterconnect draw ngs. Provide single
line, schematic, and wiring diagrans. Draw ngs nust include details of

i nput and output circuit breakers, contactors, rectifiers, surge
protectors, control devices and conduit entry and exit locations. |If
paral |l el operation is included, provide an interconnection diagram
Submittals must include the naneplate data, size, and capacity.

5.4 Qualifications of Manufacturer

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

NOTE: The experience clause in this section has
been approved by a Level | Contracting Oficer in
accordance with the requirenents of Naval Facilities
Acqui sition Supplenent (NFAS). NFAS can be found at
the follow ng |ink:

https://ww. navfac. navy. m |/ products _and _servi ces/ sbh/
opportunities/guidelines/navfac. htm

This clause may be used without further approval or

request for waiver.
B R 2 R R R

Submit a certification stating that the manufacturer has a nini mum of five
years' experience in the design, manufacturing, and testing of a 270 VDC
solid state converter at the equivalent or greater kWand voltage ratings
for direct connection to aircraft electrical |oads. Wen specifications
require multiple converters operating in parallel, the manufacturer mnust
provi de specific experience with equal or greater kWrated converters.

Experience in manufacturing notor generator sets does not qualify as
equi val ent. Experience in manufacturing portabl e engine-driven 28 VDC
power units does not qualify as equivalent. The nmanufacturer nust be
experienced in producing units for installation in permanent buildings, in
environnental |y cl osed spaces, or in weatherproof enclosures as
applicable. The nmanufacturer nust furni sh docunented experience with
converters in various environmental conditions including exterior flight
line, hangar, and environnmentally encl osed spaces within buildings.

.5.5 Work Pl an

Submit a witten work plan with the initial shop drawing submttal, which
consi sts of a schedule of dates of the routine and special factory tests,
installation of equipnment, field tests, and operator training for the
system Furnish a list of the test instrunentation equi pment conplete
with the docunented calibration program for the factory and the field
tests.

5.6 Routine Factory Test Pl an

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordi nate cal endar day requirements with
Activity and with special review requirenents.
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EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

Submit test plan and procedures at |east [21]] ] cal endar days prior
to the tests being conducted. Provide detailed description of test
procedures, including test equi pment and setups conplete with their
current calibration dates, to be used to ensure the converter neets this
specification and explain the test nethods used. As a mninmm include
the tests required under the paragraph ROUTI NE FACTORY TESTS

.5.7 Speci al Factory Test Pl an

Submit the Special Factory Test Plan and procedures with the Routine
Factory Test Plan. Provide detailed description of test procedures,

i ncludi ng test equi pnent and setups conplete with their calibration dates,
used to ensure the converter neets this specification and explain the test
nmet hods used. As a minimum include the tests required under the

par agr aph SPECI AL FACTORY TESTS.

.5.8 Field Test Pl an

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordi nate cal endar day requirements with
Activity and with special review requirements. For
Navy projects, use 30 days to coordinate with NAVAI R
requi renent to have time to arrange attendance.

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

Submit test plan and procedures at |east [30][15]][ ] cal endar days
prior to the start of field tests. Provide detailed description and dates
and tinmes schedul ed for perfornance of tests, and detail ed description of
test procedures, including test equipnent and setups of the tests to be
conducted to ensure the systemneets this specification. List make,

nodel , and current calibration dates, and provide functional description
of the test instruments and accessories. Explain the test nethods to be
used. As a minimm include the tests required under the paragraph Fl ELD
QUALI TY CONTROL. Test reports must include power quality measurenment data
col l ected in accordance with | EEE 1159.

5.9 Nati onal | y Recogni zed Testing Laboratory (NRTL) Listing

270 VDC converters nmust be identified with a nationally recogni zed testing
| aboratory (NRTL) | abel or UL |abel prior to shipping.

.5.9.1 Currently Listed Products

Submit NRTL or UL certification or UL file number for the actual converter
to be shipped with the initial submittal to verify conpliance of equipnent.

5.9.2 Proposed Listed Products
Submit NRTL or UL certification or UL file number for sane or sinilar
rating or product size range of like design unit with the initia

submttal to verify conpliance of equipnent.

5.10 Routine Factory Tests Certification

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordi nate cal endar day requirements with
Activity and with special review requirenents.
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Submit within [45]] ] cal endar days after conpletion of tests.
Recei ve approval of test prior to shipping unit. Certify tests were
conduct ed on each converter in accordance with the requirenments set forth
i n paragraph ROUTI NE FACTORY TESTS and certify converter satisfactorily
operated within specified lints. Include copies of the test procedures,
test configuration diagrans and schematics, test data, and results.

1.5.11 Speci al Factory Tests Certification

Certify tests were conducted on a converter of the sane design
construction, kWrating, and voltage rating to be provided. Tests nust be
in accordance with the requirenments set forth in paragraph SPECI AL FACTORY
TEST and certify converter operated w thout mal functioning within
specified limts. Include copies of the test procedures, test
configuration diagrans and schematics, test data, and results.

1.5.12 Field Test Certification

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordi nate cal endar day requirements with
Activity and with special review requirenents.

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

Submit report of test results as specified by paragraph FIELD QUALITY
CONTROL within [15]] ] cal endar days after conpletion of tests.
Certify tests were conducted on each converter in accordance with the

par agraph FlI ELD QUALI TY CONTROL and certify converter satisfactorily
operated within specified linits. Include copies of the test procedures,
test configuration diagrans and schematics, test data, and results.

1.6 OPERATI ON AND MAI NTENANCE MANUALS

Submit converter Operation and Mintenance Manuals (O&VWM in accordance
with Section 01 78 23 OPERATI ON AND NMAI NTENANCE DATA.

1.6.1 Additions to Converter OSVM

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Include the paralleling bracketed option when
paral | el i ng has been included as a requirenent of
t he equi pnent.

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

In addition to requirements of Data Package 5, include the follow ng on
t he actual converter provided:

a. A "one-line diagram fromthe building service entrance panel to the
converter and out to the end utilization point(s).

b. A concise, duplicatable, single page data sheet with operating
instructions for each unit including startup[, paralleling,] and
shut down procedures.

c. Routine and field test reports.

d. NRTL or UL certification or UL file nunber.
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e. Alist of all code required identification and warni ng si gnage and
| abel s that have been provided on the converter

1.6.2 Prelim nary Converter O&MM

Prior to scheduling Field Tests, two bound copies of a Prelimnary O&WM
nmust be subnmitted to and approved by the Contracting O ficer

1.6.3 Spare Parts Information
Furni sh recommended manufacturer's spare parts list, quantities, lead tine
to receive after ordering, and a schedule of prices, (guaranteed for one
year after warranty expires), for each type of converter and ot her
equi pment specified in this section. Include the follow ng:
a. Fuses
b. Human Machine Interface (HM)
c. Indicator |anp/LED
d. CQutput sw tching nodul es
e. Plug-in logic cards
f. Power filter capacitors
g. Power seni-conductors
h. Ventilation systemfilters
i. 270 VDC Aircraft Power Cable Assenbly
j. 28 VDC Aircraft Power Cable Assenbly
1.7 VWARRANTY
The equi pnent itens nmust be supported by service organi zati ons which are
nost convenient to the equipnent installation in order to render
sati sfactory service to the equi pmrent on a regul ar and energency basis
during the warranty period of the contract in accordance with Section
01 78 23 OPERATI ON AND NMAI NTENANCE DATA.
PART 2 PRODUCTS

2.1 270 VDC CONVERTER

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

NOTE: Do NOT edit this paragraph to specify the
internal architecture of the converter (e.g. type of
power supply, rectifier type or sw tching technol ogy
to be utilized). Specifying this type of technol ogy
may make this a sole source specification which
requires justification and approval per federa
contract |aw.

For the options: Choose 50 or 60 Hz based on the

exterior power distribution systemat the project
| ocation. Choose 24,000 for the MIBF unless the

SECTION 26 35 44 Page 16



proj ect has docunented, nore stringent requirenents.

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

Provi de converter consisting of nmodul ar construction solid-state
conponents for [50][60] Hz to 270 VDC conversion, input/output devices,
and ancillary control devices. Converter nust be a standard product of

t he manufacturer and the manufacturer's | atest design that conplies with
the specification requirements. The converters provided under this
contract nust be products of the sanme nmanufacturer. Each unit nust have a
cal cul ated Mean Tinme Between Failures (MIBF) exceedi ng [ 24, 000]] ]
hours as cal cul ated when the converter is provided with yearly servicing
and nmai ntenance. Provide converter with NRTL or UL listing conplying with
UL 1012. The converter nust have mninmum 12 pul se, active input
rectification circuit or a denonstrated design achi eving equal or better
performance characteristics. Circuit breakers operating at 270 VDC and 28
VDC nmust be designed and UL tested for [50][60] Hz operation [and derated]
for the applicable VDC operation, as appropriate. Provide startup and
shutdown instructions posted on the front of the unit using engraved
plastic or aluminumplate. Provide a plastic encapsul ated schematic

di agram attached to the inside of the unit in clear view of maintenance
per sonnel

2.1.1 El ectrical Characteristics

The 270 VDC out put and the associated 28 VDC Interl ock voltage, neasured
at the aircraft end of the servicing cable, must be in accordance with

M L- STD- 704, nust be controlled to the voltage regul ation requirenents
within this docunent throughout all |oadings defined, and nust conply with
the additional nodifications identified herein

2.1.1.1 | nput Vol t age

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Using input voltage other than 480 volts (US)
or 380 volts (European) will increase the cost and
wei ght and decrease the efficiency of the

converter. Show input voltage on the construction
dr awi ngs.

Choose 60 or 50 Hz based on the exterior power

di stribution systemat the project |ocation. Choose
10 percent voltage variation unless specific project
docunents require a hi gher percentage input
variation to be permtted.

A vol tage changing transformer is not permtted at
the input of the converter unit on any new
facilities. Adding a voltage changi ng transforner
at the input is only permitted in the rare case when
retrofitting an existing facility and there is no

ot her voltage available. In this exception, renove

the | ast sentence in the section bel ow.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

[480] [ 380] [ ] V, three phase, three wire, grounded, [60][50] Hz.
Converter must provide rated output voltage when input voltage is varied
plus or mnus [10][ ] percent. A voltage changing transforner is not

permtted at the input of the converter unit.
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2.1.1.2 | nput Power Factor

Bet ween 0.8 | agging and unity, under all conditions of steady state |ine
and | oad variations specified herein

2.1.1.3 Surge Protection

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

NOTE: Sel ect Location Category C for outdoor

| ocations only.
EE IR I Sk S I I S S S I R R R Rk I I S kS kR Sk Ik S S I R Sk I O

Provi de converter capable of sustaining an i nput surge described in and
tested in accordance with UL 1449, and | EEE C62.41.1 and | EEE C62. 41. 2,
Location Category [B][C], and continue to operate with no alarnms within
the specified tol erance.

2.1.1. 4 I nrush Current

The inrush current nust not exceed 100 percent of the rated full |oad
i nput current.

2.1.1.5 I nput Current Distortion

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

NOTE: \Where total connected converter load is a
smal | percentage (less than 40 percent) of the total
connected facility |oad, use 12 percent Tot al
Harmoni ¢ Distortion (THD)and 8 percent individual
For large converters (e.g. 312 kWor larger) or
where total connected converter load is a
significant percentage of the total connected
facility load, use 5 percent THD and 3 percent

i ndi vi dual

For installation in shipboard environments using
Type 1 power (60 hertz per M L-Std-1399-300, Part 1
(2018) Low Voltage Electric Power, Alternating
Current), use 5 percent THD and 3 percent individual

Not e that per NAVAIR request, the converter Special
Tests paragraph requires data to be provided at the
25, 50, 75 and 100 percent |load points. This is

intentionally nore stringent than the "full | oad"
requi renent below, and is intended for data
acquisition only. It will be used to help develop a

resolution to known field problens.

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

I nput current Total Harnmonic Distortion (THD) nust not exceed [12][5]
percent of the fundanmental frequency with nom nal input voltage at ful

| oad. Individual harnonic content nmust not exceed [8][3] percent of the
fundanment al frequency.

2.1.1.6 Qut put Vol t age
As an exception to the requirements of M L-STD 704, the 270 VDC converter

must sinmultaneously provide and regul ate (when neasured at the cabl e head)
to the followi ng steady state voltage limts:
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a. 270 VDC (plus or minus 3 VDQ
b. 28 VvDC (plus 1 VDC or mnus 2 VDC).
2.1.1.7 Power Qut put
The 270 VDC converter nust have a power output rating of:

a. 270 VDC. 267 anmperes (72 kW with overload / transient capability as
defined herein.

b. 28 VDC. 15 amperes (0.42 kW with overload / transient capability as
defined herein.

2.1.1.8 Load Range
The 270 VDC converter nust be capable of neeting the follow ng | oad ranges:

a. 270 VDC. 0 to 72 kWof any conbination of resistive and constant
power |oads with overload / transient capability as defined herein, in
parallel with up to 2,500 nicrofarads of capacitance, with a mini num
current demand rate of 200 Anperes per millisecond.

b. 28 VDC. 0 to 0.42 kWof any conbi nation of resistive and constant
power | oads with overload / transient capability as defined herein, in
parallel with up to 100 microfarads of capacitance, with a m ni mum
current demand rate of 60 Anperes per mllisecond.

2.1.1.9 Ef fi ci ency

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

NOTE: For the Navy, the use of any size converter
other than 72 kWis no | onger authorized. If a
different size is required for a specific project,
contact NAVFAC LANT for approval and for the
appropriate efficiency nodifications. The PCC
information is |located at the beginning of this

speci fication.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Provide 72 kWunits with a mininumefficiency of 89 percent at 50 percent
| oad and 92 percent at 100 percent | oad.

2.1.1.10 No Load I nput Losses

Provi de converter with no-load input | osses no greater than 7 percent of
t he output kWrating.

2.1.1.11 Overl oad

The converter outputs, both 270 VDC and 28 VDC, nust have overl oad
capabilities in accordance with the following table. The satisfactory
overl oad operating tinme is based on no nore than one overload of the sane
or longer conditions, within the followi ng specified tinme between
over | oads.
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Percent of Full Load Sati sfactory Ti ne Bet ween Overl oads
(Rated Qutput) Operating Tinme
110 percent 30 m nutes 2 hours
Note: Unit nust still be
capabl e of wi thstandi ng any
of the other conditions for
their respective operating
tines. e.g. Unit can still
do 150 percent for |less than
10 seconds, before tripping,
etc.
125 percent 5 m nutes 10 mi nutes
150 percent 10 seconds 10 minutes
200 percent 2 seconds 5 mnutes
250 percent 100 mlliseconds 5 m nutes

After mninmumoperating tine is achieved, unit nust interrupt output
power. Unit nust be capable of sustaining the overload w thout danmmge
until the protective device interrupts the overl oad.

.1.1.12 Short Circuit

When a bolted positive to negative fault is applied to the unit, unit mnust
be capabl e of sustaining the short circuit current w thout damage until
the protective device interrupts the fault. The output transient voltage
recovery time and thresholds are nore stringent than those required by

M L- STD- 704, and must conply with the foll ow ng:

a. During a bolted fault the current output nust be regul ated between 485
and 550 Anps for 5 seconds. |If the fault condition clears in |ess
than 5 seconds, the power source nust recover to the voltage range of
250 to 280 volts within 40 mlliseconds, and then settling out to the
regul ated voltage levels of 270 VDC (plus or minus 3 VDC) within 10
mlliseconds, as shown in Figure 263544-1: Transient Voltage Recovery
Limts for 270 VDC.

b. During this 270 VDC bolted fault condition, as well as for any high
di/dt load or overload condition (e.g. over voltage, over current,
under voltage, ripple), the 28 VDC interl ock power output must not be
di srupted and power quality nust remain as defined in Figure 263544-2:
Transi ent Voltage Recovery Limts for 28 VDC, throughout the fault
i sol ati on event.

.1.1.13 Ri ppl e Anplitude

Ri ppl e anplitude is the maxi num absol ute val ue of the difference between
the steady state and the instantaneous DC voltage. The naximum al | owabl e
ripple anplitude for the 270 VDC output is nore stringent than what is
required by ML-STD 704. The maxi num al |l owabl e ripple anplitude for the
28 VDC out put nmust be in accordance with M L-STD 704 These nust conply
with the follow ng:
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2.

a. 270 VDC output: 1.5V (peak to nean).

b. 28 VDC output: 1.5V (peak to nean).

.1.1.14 Di stortion Spectrum

The converter output distortion spectrum nust neet the follow ng
requi renents:

a. 270 VDC. M L-STD- 704 Figure 18, inclusive of the fundanental voltage
ri ppl e conponent.

b. 28 vDC. M L-STD 704 Figure 15.

.1.1.15 Di storti on Factor

The DC distortion factor is the ratio of the DC distortion to the DC
steady state voltage. The naximum allowabl e distortion factor for the 270
VDC converter must be as follows per Table IV of M L-STD 704:

a. 270 VDC output: 0.015.

b. 28 VDC output: 0.035.

.1.1.16 Transi ent Qut put Vol tage Recovery

The transient output voltage recovery tine and thresholds are nore
stringent than those required by M L-STD-704. NMNonitor and record out put
voltage at the load end of the cable. Conmply with the foll ow ng:

a. The 270 VDC output nust remain within the range of 220 to 330 VDC for
any step | oad change as defined in paragraph LOAD RANGE herei n.

b. The 270 VDC out put nust begin recovery fromthe worst case transient
excursion within 10 mlliseconds and nmust be recovered to within the
st eady-state operating range specified in paragraph OUTPUT VOLTAGE
within 40 milliseconds per Figure 263544-1: Transi ent Voltage Recovery
Limts for 270 VDC

c. The 28 VDC output nust remain within a range of 26 to 40 VDC for any
step | oad change as defined in paragraph LOAD RANGE herein. The
vol tage nust not drop below 26 VDC for nore than 50 m croseconds.

d. The 28 VDC output nust begin recovery fromthe worst case transient
excursion within 15 nilliseconds and rmust be recovered to within the
st eady-state operating range specified in paragraph OUTPUT VOLTAGE
within 100 nilliseconds per Figure 263544-2: Transient Voltage
Recovery Linmts for 28 VDC

1.2 Envi ronnental Rating

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Sel ect 55 degrees C 130 degrees F for the
anbient tenperature rating unless in areas subject
to extrenme tenperatures (e.g. Mddl e East and desert
environnents.). Use 0-95 percent relative humdity
unl ess extrenme condensation such as in a jungle
climte.
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Use 915 neters 3000 feet |evel unless |ocation of

installation will be at higher elevations.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

The converter nust be rated for continuous operation fromno load to rated
full load under the follow ng conditions:

a. Anbient tenperatures ranging from -20 to [55][60][65] degrees C. -4 to
[ 130] [ 140] [ 150] degrees F.

b. Relative humdity from[O to 95] | ] percent noncondensi ng
c. Anbient pressures fromsea |level to [915] [ ] meters [3,000]
[ ] feet.

. 1.3 Moni t ori ng and Control Panel

Provi de converter with a control panel that is equipped with the follow ng
controls, indicators, instrunentation, data | ogging, diagnostics, and
al arm functions.

.1.3.1 Controls

Controls nust be nounted on the front of the control panel, accessible
wi t hout opening any doors or covers. Specific sequencing, or the

requi renent for sinultaneous pushbutton operation, is not acceptable for
any input or output control.

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

NOTE: Include the renpote control panel option when
unit is platformmunted or |ocated out of sight of
aircraft.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

a. Start/stop pushbutton for input device control (circuit breaker or
contactor).

b. Lanp/light emtting diode (LED) test - A push-to-test button or switch
to test indicator |anmps/LEDs. If panel lights all blink as part of the
startup Built-in-Test (BIT) sequence, then a separate push to test
button is not required.

c. Enmergency power off - A separate pushbutton for emergency power off.

d. CQutput device OV OFF.

e. Alarmsilence and "silence" indicator - A switch that nust disable the
audi bl e al arm wi t hout clearing the al arm codes.

f. Additional individual controls for the follow ng functions (Note -
t hese may be included as part of the Human- Machine Interface (HM) as
descri bed i n paragraph HUVMAN MACHI NE | NTERFACE REQUI REMENTS)
- Qutput voltage adj ust

- Alarmreset - resets and clears the silenced audi ble alarm
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2.1.3.2 I ndi cators
a. The followi ng are mandatory indicators. They nmust be included on the
control panel on the exterior of the unit[, and on the exterior of the
renote control panel] in addition to any that are included in the HM:

- Input power available - Lanp/LED to indicate that the supply voltage
is avail able.

- Qutput power On/Of - Lanmp/LED to indicate that the converter output
vol tage is avail able.

- Qutput device "ON'.
- Audi ble alarm

- Aircraft interlock bypass - Lanp/LED to indicate that the Aircraft
Interl ock has been bypassed.

b. In addition, include the follow ng additional indicators, if they are
not included in the HM:

- Systemalarm- Lanp/LED to indicate that a fault has been detect ed.
This indicator nust be latched in the "ON' position whenever an al arm
condition described in paragraph ALARM ANNUNCI ATOR, is detected and
nmust remain "ON' until the alarmreset pushbutton is pressed.

- Indicating |lanp/LED to indicate that the alarmsilence switch is in
t he di sabl e position.

- Elapsed tine neter in hours; (may be internal or visible externally).
2.1.3.3 Human Machine Interface (HM) Requirenents

Provide an HM with a mni num of four by twenty (4 x 20) character backlit

LED display for presenting the digital instrunmentation, diagnostic system

and fault indicating systemdata. The HM display nust be viewable in

direct sunlight and the HM nust be rated for harsh environnents.

a. Digital Instrumentation. Provide true RVS, plus/mnus one percent
accuracy, mcroprocessor-based readings that include the follow ng
functions:

(1) CQutput voltage.
(2) Qutput current.

(3) Inverter tenperature. This function is desired for field
di agnostics, but is not mandatory.

b. Al arm Annunciator. The unit nust be capabl e of detecting and
di spl aying the foll owi ng abnormal conditions:

(1) I'nput overvoltage.
(2) Input undervoltage.

(3) CQutput undervoltage.
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(4) CQutput overvoltage.

(5) CQutput overl oad.

(6) System al arm

(7) Control logic failure.

(8) Over-temperature.

(9) Logic power supply failure.

2.1. 4 | nput / Qut put Devi ces

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordinate 50 Hz vs 60 Hz requirement wth
Activity. Provide appropriate short circuit ratings
in accordance with Basis of Design Cal cul ati ons per
UFC 3-501-01, Electrical Engineering.

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

Provide fully-rated, UL approved devices for control of [60][50] Hz input
and for control of DC outputs fromthe converter. Derate devices and
cabl es operating at 270 VDC i n accordance with | EEE 519.

2.1.4.1 | nput Devi ce

Provi de converter with a UL listed input device (circuit breaker
conformng to requirenments of UL 489 or contactor) as an integral part of
the converter. Device nust be operable fromthe front of the converter
Devi ce nust have a short-circuit current rating of | ] anperes
symmetrical m ni mum

2.1.4.2 CQut put Cont act or

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

NOTE: Include option for |IEC on Cconus projects.

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

Provi de converter output with an automati c magnetical |l y-hel d contactor
with interlock circuit. CQutput contactor nust have sufficient capacity to
handl e rated | oad, overload, and avail able short circuit current.

Contactor must additionally be rated for nake / break operation into a
2,500 microfarads capacitance w thout damage to the converter

Cont act or must open when any circuit identified in the paragraph SAFETY
FUNCTI ONS causes the systemto shut down. Electrically interlock
contactor with OVOFF circuitry so that when the converter is shut down,
the contactor opens i mediately and renmains open.[ Conformto the

requi renents of | EC 60947-4-1.]

[2.1.4.3 Qutput Circuit Breaker

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

NOTE: Only add an output circuit breaker, (and

del ete the OUTPUT CONTACTOR paragraph above), if the
converter is supplying a downstream distribution
panel board (such as in a shop or |aboratory), or
multiple outputs with distribution internal to the
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converter.
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Provi de converter output(s) with non-automatic manual circuit breaker(s),
with appropriate frame size and a shunt trip coil rated for DC operation.
Trip circuit breaker by the unit's OFF circuit [local or renotely
activated] and when any circuit identified in the paragraph SAFETY

FUNCTI ONS causes the systemto shut down. CQutput breaker(s) nust be
operable fromthe front of the unit.

12.1.4.4 Aircraft Interlock Crcuit
The 270 VDC out put power contactors nust be interlocked with the unit's
fault indicators, alarns, and the 28 VDC interl ock power circuit. Wen
the 28 VDC interl ock power source is "broken" (e.g. when the power cord is
renoved fromthe aircraft receptacle), the 270 VDC out put power source
nmust be di sabl ed.

2.1.5 Saf ety Functions

2.1.5.1 270 VDC Power Source

The 270 VDC power source internal 270 VDC buss must automatically
di scharge to below 12 VDC within 2 seconds after the follow ng:

a. 270 VDC power source has been turned off.

b. \Whenever any access panel is opened on the equi pnent. Under this
condition, the interlock circuitry nust open the input device and the
270 VDC out put device, and not allow the input or output device to
cl ose. For nai ntenance purposes, provide an internal bypass switch to
defeat the interlock circuitry.

c. Detection of systemfault that results in a converter shut down
condition, including the foll ow ng:

(1) I'nput undervoltage.
(2) Input overvoltage.
(3) Loss of input phase.
(4) Loss of input power.
2.1.5.2 270 VDC CQut put Cabl e

The 270 VDC power must be renmpoved fromthe output cable within 100
mlliseconds after one of the follow ng occurs:

a. Receiving a stop comrmand.
b. Loss of 28 VDC interl ock power.

c. Detection of a fault that results in an output shut down, including
the foll ow ng:

(1) CQutput overvoltage - Protect by tripping output devices for

i nst ant aneous overvol tage of 30 percent or nore and for 10 to 30
percent overvoltage |asting nore than 0.25 seconds.
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(2) CQutput undervoltage - Protect by preventing the closing of the
out put di sconnect until the output voltage is 95 percent of the
rated output. |If, after closing, the voltage decreases to bel ow
90 percent for longer than 5 seconds, provide relaying to trip
out put devices utilizing a field-adjustable tine-delayed circuit
with a range of 4 to 10 seconds.

(3) CQutput overl oad.
(4) Converter overtenperature protection
1.6 Automatic Line Drop Conpensation
Provi de automatic |ine drop conpensati on (ALDC) fromzero to ten percent

adjustable internally. Separate ALDC functions are required for the 270
VDC power source and for the 28 VDC interl ock power source.

[2.1.7 Auto Restart

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Auto restart shoul d be considered when the
converter is installed in a renote |location that is
not readily accessible to operating personnel and
mai ntai ning 270 VDC power is critical to
operations. Use of auto restart should be studied
carefully to ensure that it does not create a
potential personnel safety hazard.

This is an additional cost item and should not be
speci fied unl ess specifically requested by the user

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

After a total input power outage the unit nust be capable of automatically
restarting and re-energizing | oads upon restoration of normal power.
Provide units with a manual/auto restart switch and with backup battery
power supply if it is needed to neet the auto restart requirenment. Wen
interlock circuit has been interrupted or when interlock is in the

mai nt enance position (manual restart), the systemshould not restart.

1[2.1.8 Built-1n Test Equi prent
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NOTE: Built-in test equi pnent (BIT) should be

consi dered when the converter is installed in a
renote | ocation that is not readily accessible to
operating personnel and maintaining 270 VDC power is
critical to operations. It nay also be needed when
high reliability is a defined concern

This may be an additional cost item and although
sone manufacturers include it at no cost, it should
not be required unless specifically requested by the
user.
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Converter must include Built-in test equiprment(BIT), which nonitors both
primary circuits and protection circuits of the unit. Provide visua
i ndi cation to assist diagnosis of unit failures to a nodul ar |evel.
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Provi de visual indication of converter status using cabinet nounted |ight
em tting di odes and Hunman Machine Interface (HM). As a mininumthe

i ndicator lights must include a "machine on" |ight, and an "out put
faulted" indicator light that cones on when the unit has shut down.

12.1.9 Magneti ¢ Conponents
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NOTE: Magnetic conponents are used within the
converter unit. Do not delete this information. It
is not included to inply permission to utilize
transformers for nodifying the input voltages to the
converter.
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Provi de C ass 180 power magnetic transformer and inductors in accordance
with NEMA ST 20 and UL 506. The limts of Cass 180 nust not be exceeded
at the naxi mum speci fi ed anbi ent tenperature and at 100 percent | oad.

2.1.10 Acousti cal Noise

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Converters are inherently noisy.

Manuf acturers standard for a 72 kWconverter is 72
dBa, and their |owest attainable value is 68 dBa.

If 68 dBa is specifically required by the Activity
because of the location of the converter, include
the "optional Acoustical Noise Test" in paragraph
SPECI AL FACTORY TESTS, to verify that the equi pnent
furni shed neets the nore stringent requirenment. The
test paraneters (height and range) are included in

t hat paragraph.

If a different size converter is required for a
specific project, contact NAVFAC LANT for approval
and for the appropriate acoustical noise

nodi fications. The POC information is |ocated at

t he begi nning of this specification
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Provide unit with a maxi num conti nuous acoustical noise |evel |ess than
[72][68] dBa (A weighted scale).

2.1.11 Assenbly Construction

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Per manufacturers, all converter enclosures
require ventilation. Per NEMA 250 Tables 1 and 2
only NEMA Types 1,2,3R and 3RX are perm ssible to be
ventilated. Verify availability by nmultiple

manuf acturers before using other enclosure types.

VWhen | ocation is outdoors, include the appropriate
out door | ocation coating and pai nting options.

When | ocation is indoors, initema

- For Navy and Air Force, choose first option
requiring flush wall nounting.

- For Arny, choose second option and identify if
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pedestal mounted in hangars or floor nmounted in |ab
or other |ocations.
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Provi de encl osures suitable for [indoor][outdoor][corrosive][ ]
environnents in accordance with NEMA 250, Type [I][2][3R][3RX]. Arrange
to provide required | ouvers, cooling air, entry and exit provisions for
equi prent wit hin encl osures.

a. [Units rmust be mounted flush against the wall, nust not require back
access for maintenance, and nust conply with the "Maintenance
Envel opes" identified on the drawings.][Units nust be
[ pedestal J[fl oor] nobunted as indicated and conply with the
"Mai nt enance Envel opes” identified on the draw ngs.]

b. Construct unit(s) so that components, with the exception of contro
and nonitoring conponents, are totally enclosed within the encl osure.
El ectronic circuits including power circuits nust be nodul ar
construction readily accessi ble for naintenance, repair and nodul e
repl acenent fromthe front of the enclosure.[ For units installed
outdoors or in corrosive environments, [provide a confornma
(rust-inhibiting) coating for the printed circuit boards][encl ose
electronic circuits in a sealed electronics conpartnent that is not
provided with direct cooling ventilation or forced air cooling].]

c. Provide pernanent identification tags for wiring. Uniquely identify
each wire. Use the sane identification systemin the wring diagrans
in the Operation and Mintenance Manual . Encl osures must be painted
i n accordance with paragraph FACTORY APPLIED FI NI SH and as specified
herein. Provide each enclosure with a finish coat over a rust
i nhibiting substrate or a substrate that has been provided with a rust
inhibiting treatnment.[ For outdoor enclosures, if the unit is not
pai nted using the powder coating process, provide two finish coats on
the unit.]

d. Provide units with a Mean Tinme To Repair (MITR) of 30 minutes fromthe
time of the diagnosed failure based on docunented manufacturer's
historical data for the average tine of repair for their top ten
faults. Provide the supporting data with the equi pnent subnittal

2.2 Al RCRAFT PONER CABLE ASSEMBLY

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

NOTE: Coordinate cable assenbly requirenments with
unit voltage requirenents, aircraft requirenments,
and wi th paragraph Al RCRAFT | NTERLOCK Cl RCUI T.

Poi nt of use systens are required. Distributing
through pits is not permitted on new installations.
Distributing through other areas that increase tota
| engt h beyond 43 neters 140 feet is not permtted on
new i nstall ati ons.

For the Navy:

1) Use the 333 Amperes option and the 25 neters 83
feet length for all cable assenblies.

2) If adifferent anperage is specifically
identified in the project requirenents, or a |longer
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length is required due to a specific aircraft

| ayout, approval must be obtained from NAVFAC LANT.
The PCC information is |ocated at the begi nning of
this specification.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Provi de a single-jacketed 270 VDC aircraft power cable assenbly in
conpliance with SAE AS7974 and SAE AS7974/5. The 270 VDC out put cable
assenbly nust be constructed and tested to neet the power requirements of
this specification, to mnimze cross coupling, to neet current denand
rates and to ensure power regulation, ripple, distortion, and transient
vol tage recovery, as defined herein, is not exceeded.

Rate cable for [333]] ] anperes. Cable |length nust be

[43]] Jmeters [83]] ]feet. Provide control cabling included
within the jacket for interlock circuit. Ternminate control wiring on
accessible terminal blocks in unit. Provide cable assenbly with
integrally nolded 270 VDC connector capabl e of connecting to the aircraft
receptacle. Provide cabl e/connector assenbly suitable for severe duty,
with crinped contact terminations. Banded cables are not pernmitted. In
addition, the assenbly must conply with the follow ng:

a. The 270 VDC and 28 VDC returns nust be tied together only on the
aircraft side of the on-aircraft external power receptacle.

b. The 28 VDC interlock output positive will be on pin "1" and out put
negative voltage will be on pin "2".

c. Pins "3" and "4" nmust be internally connected within the cable
connector end to provide a "junper" for interlock control (less than
0.1 ohmns).

d. The contact section of the nmolded aircraft servicing connector nust be
capabl e of being repaired in the field. The contact section rmust be a
one- pi ece, nol ded, replacenment section or have individually
repl aceabl e pins and a nol ded one-piece cover. Installation of the
repl acenent contact section nust restore watertight integrity to the
nol ded aircraft servicing connector. Repair nust not include
repl acenent of the entire aircraft servicing connector.

. 2.1 28 VDC I nterl ock
The 28 VDC interl ock power nust be within ML-STD 704 "Nornmal Qperating
Limts", be avail able on power initiation, and nust renmain present

t hr oughout the duration of connection of power to the aircraft.

a. The 28 VDC interlock power must provide at |east 15 anps of power
capacity for aircraft equipnent use.

b. The 270 VDC out put nust only be enabl ed when the 28 VDC interlock is
present.

¢ Power nust only be avail able when the plug is fully seated in the
aircraft receptacle.

d. The sensing back of the 28 VDC interlock fromthe aircraft nust
i ndi cate a proper connection of the receptacle.
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[2.3 REMOTE MONI TORI NG AND CONTROL PANEL
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NOTE: Delete this paragraph unless plans clearly
i ndi cate requirement for renote nonitoring and
control panel
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Provide renote nonitoring and control panel and circuitry. Connect to
clearly and permanently | abeled term nal bl ocks |ocated inside the
converter's enclosure. Provide the circuitry such that indicator |anp/LED
i nfornmati on and control function(s) can be extended fromthe termnals to
a renmote location in the future

a. Pushbutton or switch for de-energizing the output term nals.

b. Indicator |anmp/LED showing the unit status (energized or not
ener gi zed) .

c. Indicator |anp/LED showi ng the output control device position (open or
cl osed) .

d. Systemalarm
12.4  MANUFACTURER S NAMEPLATE

Each frequency converter, each nmajor conponent within the frequency
converter, and each item of other equi pment must have a namepl ate bearing
t he manufacturer's name, address, nodel number, and serial nunber securely
af fixed in a conspi cuous place; the naneplate of the distributing agent
wi Il not be acceptable

2.5 FACTORY APPLI ED FI NI SH
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NOTE: This paragraph covers only the basic painting
requi renents for nost electrical equipnent. |nclude
any special finishes for high or |ow tenperatures
and extrenely corrosive atnospheres. Use

manuf acturer's standard color unless the Activity
requires a special color
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El ectrical equi pment nust have factory-applied painting systens which
must, as a mininum neet the requirenents of NEMA 250 corrosion-resistance
test and the additional requirenments as specified herein. Interior and
exterior steel surfaces of equipment encl osures nust be thoroughly cleaned
and then receive a rust-inhibitive phosphatizing treatnent, a priner
powder coat, or equivalent treatnent prior to painting. Exterior surfaces
nust be free from holes, seanms, dents, weld marks, |oose scale or other

i nperfections. Interior surfaces nmust receive not |ess than one coat of
corrosion-resisting paint or powder coating process in accordance with the
manuf acturer's standard practice. Wen enclosure is alumnum interior
may optionally be coated with rust inhibiting treated film Exterior
surfaces nust be prinmed, filled where necessary, and given not |ess than
two coats baked enanel with semigloss finish, or finished with a powder
coating process.[ Color nust be the manufacturer's standard color.]]

Equi prent | ocated i ndoors nust be ANSI Light Gray,[ and equi prent | ocated
outdoors nust be ANSI[ Light Gray][ Dark Gay]].] Provide manufacturer's
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coatings for touch-up work and as specified in paragraph Fl ELD APPLI ED
PAI NTI NG

.6 SOURCE QUALI TY CONTROL

.6.1 Factory Test Schedul e

The Governnent reserves the right to witness tests and reserves the right
to request the raw data fromthe tests whether wi tnessed or not. Provide
the converter test schedule for tests to be performed at the

manuf acturer's test facility. Submt required test schedule and | ocation
and notify the Contracting O ficer 30 cal endar days before schedul ed test
date. Notify Contracting Oficer 15 cal endar days in advance of changes

to schedul ed date

Test Instrunent Calibration

a. The manufacturer nust have a docunented calibration program which
assures that all applicable test instruments are naintained within
rated accuracy.

b. The accuracy must be directly traceable to the National Institute of
St andards and Technol ogy.

c. Instrument calibration frequency schedul e nust not exceed 12 nonths
for both test floor instruments and | eased specialty equi pnent.

d. Provide dated calibration |abels, that are visible on all test
equi prent .

e. Calibrating standard nust be of higher accuracy than that of the
i nstrument tested.

f. Keep up-to-date records that indicate dates and test results of
instruments calibrated or tested. For instruments calibrated by the
manufacturer on a routine basis, in lieu of third party calibration
i nclude the follow ng:

1) Maintain up-to-date instrunent calibration instructions and
p
procedures for each test instrunent.

(2) lIdentify the third party/laboratory calibrated instrunent to
verify that calibrating standard is net.

6.2 Routi ne Factory Tests

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Include the bracketed option, "As an
exception..." when there are multiple, identically
sized (in kW converters on the same contract.
Intent is to only do the "automatic |line drop
conpensation test' on the first converter

Initemc, the aircraft power cable assenbly is
normally included in the project. [If for sone
reason it is not part of the contract, nodify the
item and provide additional appropriate cable
information (e.g. length and type) that the

manuf acturer should use for tests.
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Performroutine tests by the manufacturer at the factory, on each of the
actual converter(s) prepared for this project to ensure that the design
performance is maintained in production.[ As an exception, test automatic
line drop conpensation on only one unit on multiple unit orders of the
same kWrating. |If there are nultiple units with different kWratings,
then testing one of each of the kWratings is acceptable.] Submt test
reports, by serial nunmber and receive approval before delivery of

equi pment to the project site. Include a list of the current test

equi prent calibration dates. Required tests, test conditions, and testing
sequence is as follows:

a. For tests which require full |oad, use the naneplate full |oad kW of
the unit being tested unl ess ot herw se noted.

b. Al neasurenments must be true RVS neasurenents. Obtain nmeasurenents
in accordance with | EEE 1159. Mnitor and record all data at the | oad
end of the cable.

c. Connect loads to the converter with the specified aircraft power cable
assenbl y.

d. No adjustnents to the frequency converter are all owed between | oad
tests.

.6.2.1 Test Conditions

Tests nust include the follow ng conditions:

a. Initial Safety Verification: Performtests and checks to validate the
safe and tinely shutdown for each condition (for the power source and
the output cable) identified in paragraph SAFETY FUNCTI ONS

b. Input current and power factor: Operate converter at |ow, nonmi nal and
hi gh i nput voltage at full |load. Measure and record input voltage,

i nput power factor and input current in each phase.

c. CQutput voltage, output current, and voltage regulation. Operate
converter at nom nal input voltage unless otherw se specified.

(1) 50 percent of rated capacity.
(2) 100 percent of rated capacity.

percent of rated capacity with the |oads as specified in the
3) 50 f d [ ith the | oad ified i h
par agraph LOAD RANGE

(4) 100 percent of rated capacity at | ow and hi gh input voltage.

(5) 100 percent of rated capacity with the |loads as specified in the
par agraph LOAD RANGE

(6) Note - Qperate for not less than 10 minutes at each test condition
in (1), (2), (3) and (4) above, and for not less than 30 ninutes
at test condition in (5) above.

(7) Note - Monitor and record each of the follow ng at the begi nning
and end of each test condition: output voltage, output voltage

SECTION 26 35 44 Page 32



wavef orm output voltage ripple (peak-to-peak, distortion factor
and distortion spectrunm), output current, output current waveform
out put current ripple (peak-to-peak, distortion factor and

di stortion spectrum). Verify output remains within specified
regulation linmts at each |oad | evel by overlaying the graphs of
Figure 263544 - 1 with the 270 VDC test data, and Figure 263544 -
2 with the 28 VDC test data

d. Efficiency: Operate at nom nal input voltage at half |oad and ful
| oad. Measure and record input voltage, input current, output
vol tage, and output current. Calculate the unit efficiency.

e. No load |osses: Qperate at no |load and nom nal input voltage.
Measure and record i nput voltage, input current, input power, input
power factor, and output voltage. Calculate the no |oad |osses.

f. Overload: Operate at nominal input voltage and output voltage with
| oads and in sequence |isted bel ow

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

NOTE: For the Navy: Coordinate with NAVAIR (PCC
information is at front of specification), to see if
the NAVAIR Digital File Information has been
conpl et ed before including the bracketed
docunent ati on option

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

Percent of Full Load Ti me Ti re Bet ween Overl oads Iterations
250 percent 50 mlliseconds 5 m nutes 3
200 percent 2 seconds 5 m nutes 1
150 percent 10 seconds 10 mi nutes 1
125 percent 5 m nutes 10 mi nutes 1
110 percent 30 m nutes 2 hours 1

(1) Monitor output to confirmthere is no 270 VDC power interruption

(2) Provide graph showi ng current nmagnitude over time[ in accordance
with NAVAIR Digital File Information] for each condition above.

(3) Provide graph showi ng Qutput Voltage Response is in accordance
wi t h paragraph TRANSI ENT OQUTPUT VOLTAGE RECOVERY tinme and
t hr eshol ds.

(4) After mininmumoperating time is achieved, unit nust interrupt
out put power.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Utilize the identified burn-in hours, unless
a val i dated reason has been identified by the
Activity (such as a requirenment for a higher uptine
confidence linmt) to either reduce or increase the
nunber of hours.

The | ast sentence in the BURN-I N TEST paragraph
permts not using the Aircraft power cable assenbly
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t hat has been nandated for all the other tests.
Thi s exception has been added because the specified
cable may not withstand the current draw for this
length of time wthout overheating.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

g. Burn-in Test: Before delivery, burn-in all units[ under full |oad
conditions for at |least [24]] ] hours][ by cycling units
[6]] ] hours "ON' under full load conditions and [3]][ ] hours
"OFF" at no load conditions for at |east [4]] ] conmplete "ON'
cycles]. Performburn-in test wth the converter enclosure doors

cl osed, | oad connected directly to the output terninals, and al
ventilation in the final operating condition. The specified aircraft
cable is not required to be used for this test.

h. I nclude harnonic frequency spectrum anal ysi s depi cti ng harnoni c order
across the range of individual harnmonic occurrence, and harnonic
magni t ude for each load condition in the test reports. Conduct tests
at the unit's input termnals (to the 37th harnonic) per |EEE
standards. Qutput voltage distortion spectrum anal ysis nust be
nmeasured out to 16, 000 Hz.

i. Automatic line drop conpensation: Operate converter at nom na
voltage and verify specified performance of the Iine drop conpensation
at the foll ow ng | oads.

(1) No-I oad.
(2) 50 percent of rated capacity.
(3) 100 percent of rated capacity.

j. 28 VDC Interlock. Performeach of the above tests (a through h) at 50
percent and 100 percent of full 28 VDC |oad. Verify operation within
specified limts. However, the burn-in test (itemg) mnust be
perfornmed only at full |oad, and not at 50 percent |oad of 28 VDC

k. Post Routine Test Safety Verification: Repeat tests conducted under
itema. Initial Safety Validation to confirmsafety features were not
af fected by previous tests.

6.3 Speci al Factory Tests (Design Tests)
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NOTE: Include the bracketed option "each of" when
there are multiple sizes of converters in the
proj ect.
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Submit special factory test (design test) reports (conplete with test

data, expl anations, formulas, results, setup and cable information, and
the Iist of the calibration dates of the test equi pnent used), in the sane
submi ttal package as the catal og data and drawi ngs for [each of] the
specified converter(s). Tests nust be certified and signed by a

regi stered professional engineer or by a "conpany certified professiona
desi gnee" within the manufacturers' organization. Subnit designee's
credentials with the initial design test report for approval. Tests nust
be on file based on a production nmodel of converters of the sane design
construction and kWrating provided.
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NOTE: Include the first bracketed option below, "As
an exception..." unless there are nore than 5 units
on the project, or the units are going to a severe
or hard to reach environment / strategic |ocation
When choosi ng the second option instead of the
first, coordinate with the Activity to determine the
nunber of "production units" that nust be tested.
The "As an exception..." sentence has al ways
permtted the Special Factory Tests to be done on
one of the first units produced, at the sane tine
schedul ed for the Routine Tests. However it was
rarely used, since it only applies when the

manuf acturer already neets the experience

requi renents in the QUALI FI CATI ONS OF MANUFACTURER
paragraph in Part 1 of this specification, but was
building a slightly different unit wi thout the
specific design tests already on file.

Wth the new requirenents in this specification,

this exception may beconme nore frequently used since
test data may not be on file. The nanufacturer

still has to neet the QUALIFI CATI ONS OF MANUFACTURER
par agraph, and all of the Special Factory Tests will
still be subject to being witnessed by the

government with the Routine tests.
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[As an exception, when the manufacturer does not have the special factory
tests for the specific unit characteristics already on file, the
manuf act urer nay conduct the special factory tests on the first
"production unit" along with the routine tests.][ The nanufacturer nust
test [one][ ] unit[s] at the sanme tinme scheduled for routine tests, of
each rating and size converter.] To assure conpliance with the
specification, these tests are al so subject to governnment w tnessing at
the sane tine as the routine tests. For all tests which require ful

| oad, use the nameplate full |oad kWof the unit being tested, unless
otherwi se noted. For all tests that are "not already on file", connect

| oads to the converter with an aircraft power cable assenbly, 43 neters
140 feet long, simlar to the specified project aircraft power cable
assenbly. Monitor and record all data at the |oad end of the cable,

unl ess ot herwi se noted. The tests conducted on the unit mnust include the
fol | owi ng:

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Sel ect Location Category C for outdoor
| ocations only.

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

a. Initial Safety Verification: Performtests and checks to validate the
safe and tinely shutdown for each condition (for the power source and
the output cable) identified in paragraph SAFETY FUNCTI ONS

b. Surge protection: Apply input surges in accordance with | EEE C62.41.1
and | EEE C62.41.2, Location Category [B][C] and nonitor output.
Conduct a m ni mum of three consecutive successful tests on each unit
listed. Confirmthere is no interruption to 270 VDC out put power and
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vol tage stays within specified regulation tol erances. Surge
protection tests nmust be applicable on all converter units utilizing
same surge protection device by manufacturer and part nunber

regardl ess of converter kWsize.

c. Input current: Performthe followi ng tests at nominal input voltage.
Conduct each test a ninimumof three tines. Mnitor the input and
out put power to denonstrate the duration of the transients until the
converter reaches steady state. Provide copies of waveforns and
analysis in test report.

(1) Measure inrush current when initially turning on machine with no
| oad.

(2) After applying power and unit is at steady state, conduct | oad

application test, going fromO to full |oad to nmeasure affect on
i nput .
d. Input current distortion: Operate at nomi nal input voltage at 0, 25,
50, 75, and 100 percent of rated full load. Measure and record the

i nput current THD for the current in each phase.

e. Input current and power factor: Operate converter at |ow, nom nal and
hi gh i nput voltage at full |load. Measure and record input voltage,
i nput power factor and input current in each phase and neutral if the
neutral conductor is connected to the converter input.

f. Qutput voltage, output current, and voltage regulation. Operate
converter at nom nal input voltage unless otherw se specified.

(1) 50 percent of rated capacity.
(2) 100 percent of rated capacity.

(3) 50 percent of rated capacity with the | oads as specified in the
par agr aph LOAD RANGE

(4) 100 percent of rated capacity at | ow and high input voltage.

(5) 100 percent of rated capacity with the |loads as specified in the
par agr aph LOAD RANGE

(6) Note - Qperate for not |less than 10 minutes at each test condition
in (1), (2), (3) and (4) above, and for not |ess than 30 ninutes
at test condition in (5) above.

(7) Note - Monitor and record each of the follow ng at the begi nning
and end of each test condition: output voltage, output voltage
wavef orm output voltage ripple (peak-to-peak, distortion factor
and distortion spectrunm), output current, output current waveform
out put current ripple (peak-to-peak, distortion factor and
di stortion spectrum). Verify converter is operating within
specified regulation limts at each |load |l evel by overlaying the
graph of Figure 263544 - 1 with the 270 VDC test data, and Figure
263544 - 2 with the 28 VDC test data.

g. Include harnonic frequency spectrum anal ysis depi cti ng harnoni c order

across the range of individual harnmonic occurrence, and harnonic
magni t ude for each load condition in the test reports. Conduct tests
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at the unit's input termnals (to the 37th harnonic) per
st andar ds.
nmeasured out to 500,000 Hz per

| EEE

Qut put voltage distortion spectrum anal ysis nust be

M L- STD- 704.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:
information is at front of specification),

the NAVAIR Digital File Information has been

For the Navy:

Coordi nate with NAVAI R (PCC
to see if

conpl et ed before including the bracketed

docunent ati on opti on.

File Requirements (stil

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

h. Overl oad:

Qperate at nomi na

| oads as |isted bel ow

I ncl ude bracketed option once
NAVAI R has established a defined version of Digita
i n progress).

i nput voltage and output voltage with

Percent of Full Satisfactory Operating Ti ne Bet ween Overl oads Iterations
Load Time
110 percent 30 m nutes 2 hours 3
125 percent 5 m nutes 10 mi nutes 3
150 percent 10 seconds 10 mi nutes 3
200 percent 2 seconds 5 m nutes 3
250 percent 50 mlliseconds 5 m nutes 3

Moni tor output to confirmthere is no 270 VDC power interruption
After mninmumoperating tine is achieved, unit nust interrupt output

power. Provide voltage and current waveforns [in accordance with
NAVAIR Digital File Information] docunenting the unit's response for
each test.

Apply a bolted positive to negative fault directly to
the output terminals of the unit. Conduct a m nimum of three
consecutive successful tests on each unit. Provide unit capabl e of
carrying the fault current until the integral system protective
devices interrupts the fault with no damage to the unit. Provide
waveforms of short circuit current during short circuit tests.

i. Short-circuit:

j. Transient Qutput Voltage Recovery: Qperate at the follow ng | oad
steps: 0 to 100 percent, O to 50 percent, 100 to O percent and 50 to O
percent. Measure and record recovery tinme and output voltage
deviation limts. Provide recordings or display of output voltage
during transient recovery test. Verify converter is operating within
specified regulation limts at each |load | evel by overlaying the graph
of Figure 263544 - 1 with the 270 VDC test data, and Figure 263544 -

2 with the 28 VDC test data

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Del ete bracketed acoustical noise test unless
converter is installed in special |ocations such as
test |laboratories or other confined spaces and a

| ower than 72 dBa val ue is specified.

The test paranmeters (Height and Range)identified

bel ow, neet the ANSI Sl 4 requirenents. However the
standard is not referenced because it "allows units
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2.

to be averaged over a certain production range
/quantity", whereas we want each unit to be
i ndi vidually conpliant.

The optional paralleling test has been renmpoved from
this version of the specification. If it is

requi red because of a critical |ocation, approval
and specific verbiage nust be obtai ned from NAVFAC
LANT. The POC information is |located at the

begi nning of this specification

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

k. Acoustical noise: Operate at no |oad, 50 percent and 100 percent of
full load. Measure continuous steady sound pressure |evel 1525 nm 5
feet horizontally fromthe center of each side of the converter at a
poi nt 1525 mr 5 feet above the floor. Decibels (dB) are referenced to
20 mi cropascal

I. Post Special Test Safety Verification: Repeat tests conducted under
itema. Initial Safety Verification, to confirmsafety features were
not affected by previous tests.

7 ARC FLASH WARNI NG LABEL

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

NOTE: Include the Arc Flash Warning Label detail on
the drawi ngs. See the technical notes at the

begi nning of this section to obtain the Aut oCAD
drawi ng file of the I abel

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

Provide arc flash warning labels for arc flash protection in accordance

wi th NFPA 70E and NEMA 7535.4 for the enclosures of electrical equipnent
that are likely to require exan nation, adjustment, servicing, or

mai nt enance while energi zed. Locate this self-adhesive warning |abel on

t he outside of the equi pnent conpartnent doors warning of potentia

el ectrical arc flash hazards and appropriate PPE required. Provide |abe
format as indicated. The marking nmust be clearly visible to everyone,

i ncluding qualified persons, before exani nation, adjustment, servicing, or
mai nt enance of the equi pnment.

. 8 FI ELD FABRI CATED NAMEPLATES

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

NOTE: Use the follow ng paragraph where namepl at es
are fabricated to identify specific equi pnment
designated on the drawi ngs. Provide note on

panel board schedul es to indicate where other than
bl ack center core labels are required

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

ASTM D709. Provide | anmi nated plastic naneplates for each equi pnent

encl osure, relay, switch, and device; as specified or as indicated on the
drawi ngs. Each naneplate inscription nust identify the function and, when
applicable, the position. Naneplates nust be nelamne plastic, 3 mr 0.125
inch thick, white with [black] [ ] center core. Surface nust be matte
finish. Corners nmust be square. Accurately align lettering and engrave
into the core. Mninmmsize of naneplates nmust be 25 by 65 nr 1 by 2.5
inches. Lettering nmust be a m nimum of 6.35 mr 0.25 inch high norma
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bl ock style.

2.9 GROUNDI NG AND BONDI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Include the reference to Section 33 71 02
UNDERGROUND ELECTRI CAL DI STRI BUTI ON when equi prrent

is al so being provided outside.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

UL 467. Provide grounding and bonding as specified in Section 26 20 00
| NTERI OR DI STRI BUTI ON SYSTEM and for exterior work, in Section 33 71 02
UNDERGROUND ELECTRI CAL DI STRI BUTI QN .

[2.10 CAST- | N- PLACE CONCRETE

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Include concrete requirenents when equi pnent
is al so being provided outside on concrete pads.

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

Provi de concrete associated with electrical work for other than encasenent
of underground ducts rated for 30 MPa 4000 psi m ni num 28-day conpressive
strength unl ess specified otherwise. Conformto the requirenents of
Section 03 30 00 CAST-I N PLACE CONCRETE

] PART 3 EXECUTI ON
3.1 | NSTALLATI ON

Install products to operate at 270 VDC in the sanme manner as specified in
ot her sections of this specification for products operating at [50] [60]
Hz, unless indicated or specified otherwise. Conformto the requirenents
of NFPA 70 and | EEE C2 and to manufacturer's instructions and
recomendat i ons.

3.2 EQUI PVENT
3.2.1 Fl oor Mount ed

Provi de proper floor mounting channels and install in accordance with the
manuf acturer's drawi ngs and instructions and as indicated. Align, |evel,
and bolt units to channels to allow easy w thdrawal or insertion of
renovabl e conponents and to pernit proper operation and nai ntenance of
equi prent. Wen in a Cass 1, Division 2 area, nmount units at |east 18

i nches above finished floor

[3.2.2 Wal | Mount ed

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

NOTE: Wall mpount units 5 kWor less. Floor npunt

all other units.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

Bracket mount, but otherwise install as required for floor-nounted units.

1[3.2.3 Mai nt enance Pl atf or m Mount ed

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: When used, verify drawi ngs identify:

1) An appropriate nmaintenance platformwith safety

details including the maintenance envel ope.
2) The location of the rempte control panel
i nterconnecting conduit and wiring.

and

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

Install as required for floor-nounted units.

13.2.4 Groundi ng and Bondi ng

In accordance with NFPA 70 and as specified in Section 26 20 00 | NTERI OR

DI STRI BUTI ON SYSTEM

[3.2.5 Groundi ng and Bondi ng - Exterior Equipnent

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: When equiprment in the project is |ocated

out doors, include the optional groundi ng and

foundati on (concrete pad) requirenments. Use 25 ohns

unl ess the project requires nore stringent
requirenents.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NFPA 70 and | EEE C2, except provide grounding systens with a resistance to

solid earth ground not exceeding [25]] ] ohns.

3.2.5.1 Groundi ng El ectrodes

Provi de driven ground rods as specified in Section 33 71 02 UNDERGROUND

ELECTRI CAL DI STRI BUTI ON

3.2.5.2 Pad- Mount ed Equi prrent Groundi ng

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Ensure plans show the pad details and ground
connections nmatching how this paragraph is edited.
Converter is to have a ground ring and the nornal
nunber of ground rods is twd. The one ground rod
option should only be chosen if required by Ioca

installation requirenents.

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

Provide a ground ring around the equi prment pad with 4/ 0 AWG bare copper. |
Provide two ground rods in the ground ring at opposite corners.][ Provide
one ground rod in the ground ring with the ground rod | ocated in the

equi prent cabinet.] Install the ground rods at |east 3000 nr 10 feet
apart fromeach other. Provide separate copper groundi ng conductors and
connect themto the ground |loop as indicated. Wen work in addition to
that indicated or specified is required to obtain the specified ground
resi stance, the provision of the contract covering "Changes" applies.

3.2.5.3 Connecti ons

Connect ground conductors to the upper end of ground rods by exothermc
wel d or conpression connector. Provide conpression connectors at
equi prent end of ground conductors. Make joints in groundi ng conductors

and | oops by exothernic weld or conpression connector.

I nstall

exot herm c

wel ds and conpressi on connectors as specified in Section 33 71 02
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UNDERGROUND ELECTRI CAL DI STRI BUTI ON

3.2.6 Foundati on for Equi pment and Assenblies

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Mounting slab connections nmay have to be
given in detail depending on the requirenents for
the seismic zone in which the requirenent is

| ocated. Include construction requirenents for
concrete slab only if slab is not detailed on
dr awi ngs.

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

Mount equi prent on concrete slab as foll ows:

a. Unless otherw se indicated, provide the slab with dinensions at |east
200 mr 8 inches thick, reinforced with a 152 by 152 mm MM9 by MAM9 6
by 6 inches - W2.9 by W2.9 nesh placed uniformy 100 nv 4 i nches from
the top of the slab.

b. Place slab on a 150 mr 6 inch thick, well-conpacted gravel base.

c. Install slab such that top of concrete slab is approximately 100 mr 4
i nches above the finished grade with gradual slope for drainage.

d. Provide edges above grade with 15 nm 1/2 inch chanfer

e. Provide slab of adequate size to project at |least 200 mm 8 i nches
beyond the equi prment.

Stub up conduits, with bushings, 50 mr 2 inches into cable wells in the
concrete pad. Coordinate di nensions of cable wells with equi pnent cabl e
trai ni ng areas.

3.2.6.1 Cast-1n-Pl ace Concrete

Provi de cast-in-place concrete work in accordance with the requirenents of
Section 03 30 00 CAST-I N PLACE CONCRETE

[3.2.6.2 Seal i ng

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

NOTE: Require sealing of cable wells (w ndows) in

the concrete pad if rodent intrusion is a problem
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

VWen the installation is conmplete, seal all entries into the equi pment
encl osure with an approved sealing nmethod. Provide seals of sufficient
strength and durability to protect all energized live parts of the

equi pnrent fromrodents, insects, or other foreign matter.

113.2.7 Wring and Conduit

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

NOTE: Designers of Record nust provide cal cul ations
and ratings for conductors, circuit breakers (50Hz /
60Hz), and devi ces operating at 270 VDC and at 28
VDC.
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Use of a distributed 270 VDC power system (i nstead
of a Point of Use systen), is prohibited on new
projects, and is limted to making nodifications to
exi sting systems. |If used, a distributed system may
requi re additional special calculations.

See UFC 3-555-01 (Draft in progress) for additiona
i nformation.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Provide wiring and conduit as specified in Section 26 20 00 | NTERI OR
DI STRI BUTI ON SYSTEM  Use copper conductors for DC systens.

. 2.8 Manuf acturer's Representative

The manufacturer's representative must place the systemin operation and
make necessary adjustnments to ensure optinum operation of the equi pnent.
The manufacturer's representative nust have at |east 2 years of practica
experience in the installation and testing of 270 VDC solid state
converters.

.3 FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Provi de nunber, |ocation, and letter designation of naneplates as
i ndi cated. Fasten naneplates to the device with a mninumof two
sheet-netal screws or two rivets.

.4 WARNI NG SI GN MOUNTI NG

Provi de the nunber of signs required to be readable from each accessible
side. Space the signs in accordance with NFPA 70E

.5 FI ELD APPLI ED PAI NTI NG

VWere field painting of enclosures is required to correct danage to the
manufacturer's factory applied coatings, provide nanufacturer's
recommended coatings and apply in accordance to nmanufacturer's

i nstructions.

.6 FI ELD QUALI TY CONTRCL

.6.1 Fi el d Test Schedul e

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

NOTE: Include the bracketed options bel ow on Navy
projects where "reach-back support" has al ready been
coordi nated with NAVAIR / NAVFAC LANT per the third
i ntroductory Technical Note at the beginning of this
speci fication section

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

G ve Contracting Oficer[ and (NAWCAD Air Vehicle Electrical Power Systens
Group (AB43) (301) 342-4161] 30 days notice of dates, tines and schedul ed
tests which require the presence of the Contracting Officer. The
Contracting O ficer will coordinate with the using activity[ and NAVAIR /
NAVFAC LANT,] and schedule a tine that will elinm nate or mninze
interruptions and interference with the activity operations.
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3.

6.2 I nstrunents

Provide test instruments capable of neasuring and recordi ng or displaying
test data at a higher resolution and greater accuracy than specified for
the converter's performance. The test instrunents used in the field tests
nmust have current valid calibration stickers issued by an approved
calibration |aboratory. Verify calibration and adjustnents of converter
instrunments provided prior to field tests. Calibrate instrunents for 270
VDC operati on when neasuring 270 VDC si gnal s.

.6.3 Initial Inspection and Tests

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

NOTE: Include the bracketed option for the NETA ATS
Representati ve when Section 26 08 00 APPARATUS

| NSPECTI ON AND TESTING i s included in the project.
Ensure that the list of identified specification
sections that the NETA inspector is responsible for

i ncludes this section (see bracketed options in
Section 26 08 00 APPARATUS | NSPECTI ON AND TESTI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Performin accordance with the manufacturer's recommendati ons and incl ude
the foll owi ng visual and nechani cal inspections and electrical tests.[ In
addition, coordinate with the NETA ATS representative to w tness,

docunent, and validate the converter Field Quality Control.]

a. Conpare equi pnent nameplate information with specifications and
approved shop draw ngs.

b. Inspect physical and nmechanical condition. |nspect cables and wiring
harnesses for damage and strain relief.

c. Inspect all bolted electrical connections for high resistance using
| owresi stance ohmeter, verifying tightness of accessible bolted
el ectrical connections by calibrated torque-wench nethod, or
perform ng thernographic survey. Performthernographic survey while
the unit is at full |oad during the | oadbank test.

d. Performspecific inspections and nmechanical tests as recomended by
manuf act urer.

e. Verify correct equi pnent groundi ng.

.6.4 Fi el d Performance Checks and Tests

Conduct converter field checks and tests under the supervision of the
manuf acturer's representative. Provide |abor, equipnent, test
instrunments, and incidentals required for the tests including | oad banks,
except the Governnent will furnish the electricity.

Al tests must be perforned with the | oad connected to the | oad end of the
specified aircraft cable assenmbly. The cable nust be laid out / uncoiled
to provide heat dissipation. No adjustnment to the converter is allowed
bet ween tests. Successfully conplete the safety verification, prelimnary
operation, and the control and protective devices check prior to
perform ng | oad and transient tests. Load tests nust be perforned with
the converter doors closed and the 28 VDC at full load. |If the converter
fails to operate within the specified linmts during any of the tests,
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di scontinue the test, nmake necessary repairs to correct the failure, and
restart testing of the converter. Repeat all previously conpleted tests
and document the respective failed test data and new dat a.

3.6.4.1 Initial Safety Verification

Performtests and checks to validate the safe and tinely shutdown for each
condition (for the power source and the output cable) identified in

par agr aph SAFETY FUNCTI ONS. As an exception, a representative fault test
will be sufficient at this tine.

3.6.4.2 Prelimnary Operation

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

For the Navy: NAVAIR is working on and will provide
the requirenents for a "digital nmanual" / type of
"Data Acquisition system" Al Mnufacturers should
al so al ready have one of their own. The future goa
is to include the standardi zed requirenent as part
of the specification so that NAVAIR wi || have the
various manufacturer's equiprment information, in a
consi stent format, submitted and then on file in the
NAVAI R Dat abase system for mai ntenance and probl em
solving. At that time, we will determ ne whether it
will be possible to include as an attachnent /
sanple in the specification or possibly as a
reference to a UFC Appendi x.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

I nspect the converter and nake adjustnents necessary to assure proper
operation in accordance with the nanufacturer's instructions. Qperate
converter at 0, 25, 50, 75, and 100 percent of rated full load. On the
i nput measure and record the voltage, current, frequency, and THDs
(voltage and current) at each load. On both the 270 VDC and the 28 VDC
out puts, neasure and record the voltage, current, DC ripple, distortion
spectrum and distortion factor at each load. Verify converter is
operating within specified regulation [imts at each |oad | evel by
over |l ayi ng the graph of Figure 263544 - 1 with the 270 VDC test data, and
Figure 263544 - 2 with the 28 VDC test data. Verify the operation of the
28 VDC Interl ock Power.

Test data nust include i nput voltage and current harnonic distortion
anplitudes of all individual harnmonics presented in a spectrum anal ysis
format up to the 15th order at the 50 percent and 100 percent | oad
points. CQutput voltage distortion spectrum analysis nmust be measured out
to 6,000 Hz.

3.6.4.3 Control and Protective Devi ce Checks

Operate each control, switch, input/output device that is capable of being
operated manual ly a minimum of three times, denonstrating satisfactory
operation each tine. Performoperation test on each protective device to
ensure that devices function properly. After each operation measure and
record the converter output voltage and current. Verify converter is
operating within specified limts.

3.6.4.4 Load (Burn-in) Test

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: Include the bracketed option "For converters
used ..." only when one of the converters, on a
multi converter project, will not be connected to
the aircraft cable assenbly when in service; e.g.
used in a lab setting instead.

In the rare condition, where there is only the one
converter in a lab setting, then delete the entire

sentence before the bracketed option as well.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Qperate each unit continuously a mninmumof 1 hour at 100 percent rated
full load. Performa concurrent |oad (burn in) test for the 270 VDC and
the 28 VDC | oads. Measure and record the converter output voltage and
current (both 270 VDC and the 28 VDC Interl ock Power), at begi nning, 30

m nutes, and 1 hour. Verify converter is operating within specified
limts. Load test nmust be perforned with the converter doors cl osed and
the test | oad connected to the converter at the cable head with specified
aircraft cable assenbly.[ For converters used to supply test bench | oads,
performload tests with the converter doors closed at the output of the
converter.]

3.6.4.5 Post Load Test Verification

Repeat tests identified in paragraph PRELI M NARY OPERATION, to validate
converter was not affected by the Load test. However apply |loads in the
reverse order (e.g. 100, 75, 50, 25, and O percent of the rated full |oad).

Conduct tests on each converter with the | oad connected to the | oad end of
the specified aircraft power cable assenbly. No adjustment to the
converter is allowed between |load tests. NMonitor and record out put
voltage at the load end of the cable. Verify converter is operating
within specified regulation linmts at each |oad | evel by overlaying the
graph of Figure 263544 - 1 with the 270 VDC test data, and Figure 263544 -
2 with the 28 VDC test data. In addition, verify specified performance of
the Iine drop conpensati on.

3.6.4.6 Final Safety Verification

Repeat tests conducted under paragraph I N Tl AL SAFETY VERI FI CATION to
confirmsafety features were not affected by previous tests.

3.6.5 Groundi ng System

I nspect groundi ng system for conpliance with contract plans and
speci fications.

3.7 DEMONSTRATI ON

3.7. 1 I nstructing Governnent Personne

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For Navy: Include bracketed option requiring
coordi nation with NAVAIR and coordination with
Activity on availability of aircraft for conducting

traini ng.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Provide field training to Government personnel on the operation and
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mai nt enance of the converter provided at the sane tine as the Field
Acceptance Testing.[ For Navy projects contact NAWCAD Air Vehicle

El ectrical Power Systems Group (AB43) at (301) 342-4161 to obtain the nane
and e-mail of the NAVAIR point-of-contact so they can attend the

training. Coordinate with the Activity to establish availability and
non-availability to train on actual aircraft.] |Include up to a maxi mnum of
2 hours of instruction on operation and up to a maxi mum of 4 hours of
repai r and mmi ntenance of the converters. The instructor nust be approved
by the manufacturer of the unit provided. Submit training syllabus

i ncludi ng each topic of training and a brief outline of each topic to the
Contracting Officer at |east 4 weeks prior to training for approval.

Trai ni ng nust be approved by the Contracting Oficer at |east 2 weeks in
advance. The Governnent nay record, video and audi o, the training

sessi ons and use these recordings to train personnel on the operation and
mai nt enance of the converter system Provide two copies of video or audio
DVDs, and of any supplenental information and exanpl es covered in the
training sessions, to the Contracting Oficer

-- End of Section --
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