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VARI ABLE FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS
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NOTE: This guide specification is issued by the
Atlantic Division, Naval Facilities Engineering
Command for regional use in Italy.
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NOTE: This gui de specification covers the
requirenents for variable frequency drive for notors
rated up to 575 volts, for use on electric power
systens of 600 volts or less, 50/60 hertz. Pulse

wi dth nodul ated (PWW) is the predom nant type of
vari abl e frequency drive (VFD). Oher VFD types

i nclude current source inverter (CSlI), voltage
source inverter (VSlI), and flux vector drive (FVD)
For a description of each type of VFD, basic

i nformati on on the principles of operation of VFD s,
gui dance of the proper application of VFD s, and
installation guidelines, refer to Appendi x D of

M L- HBDK- 1003/ 3, Heating, Ventilating, Ar

Condi tioning, and Dehum dificati on Systens.
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Conmment s and suggestion on this specification are

wel cone and should be directed to the technica
proponent of the specification. A listing of _
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Use of electronic comunication is encouraged.
Brackets are used in the text to indicate designer

choi ces or locations where text nust be supplied by
t he desi gner.
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PART 1 GENERAL
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1

1 REFERENCES

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

EUROPEAN COVMUNI TY QUALI TY MARKS ( CE)
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NOTE: CE (European Community) is a European
quality marking systemindicating that the

equi pnent or product confornms to EEC (European
Econoni ¢ Community) standards concerning quality
of safety and health and conforns with all the
Italian technical standards in force. Al
products (El ectrical, Mechanical and El ectronic
Equi pnent and sinmilar itens) that are marked CE
conformto the standards and Laws enforced in
Europe. In Italy, the CE marking is a nandatory
requi renent and nust be shown on all applicable
equi pnent and products attesting to the confornity
with the EEC standards.

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

CE European Quality Mark

| TALI AN ELECTROTECHNI CAL COVM TTEE STANDARDS ( CEl)
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NOTE: A CEl Normis an Italian technica

normative for electrical systens recogni zed by
Italian Law, subnitted by a private organization
"Conmitato Elettrotecnico Italiano" for the Italian
territory, available in the Italian | anguage and
only in some cases in English
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CEl 64-8 (1998) Electrical installations of
bui | di ngs

| TALI AN/ EUROPEAN HARMONI ZATI ON STANDARDS (UNI EN) (UNI ENV) (CEl EN)
(UNI EN 1SO) (UNI |SO)
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NOTE: A UNI EN, UNI ENV, CEI EN, UNI EN I SO or

UNI ISOis a European Standard with a coi nci dent
Italian National Standard or Internationa
Standard. The two standards are identical, with
nost (but not all) EN s available in the English

| anguage and the UNI available only in the Italian
| anguage.
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CEl EN 50178 (1999) El ectronic equipnent for use in
power installations

CEl EN 60099-4 (1998) Surge arresters - Part 4:
Met al - oxi de surge arresters without gaps
for a.c. systens

CEl EN 60529 (1997) Degrees of protection provided by
encl osures (1P Code)

CEl EN 60947-4-1 (1998) Low-vol tage swi tchgear and
control gear - Part 4: Contactors and
notor-starters - Section 1 -

El ectromechani cal contactors and
notor-starters

CEl EN 60947-4-2 (1999) Low-vol tage swi tchgear and
control gear - Part 4: Contactors and
notor-starters - Section 2: AC
sem conductor notor controllers and
starters

CEl EN 61800-2 (1999) Adjustable speed el ectrical power
drive systenms - Part 2: Cenera
requirenents - Rating specifications for
| ow vol t age adj ustabl e frequency a.c.
power drive systens

CEl EN 61800-3 (1996; Amend. 2000) Adjustable speed
el ectrical power drive systens - Part 3:
EMC product standard including specific
test nethods

CEl EN 133200 (1996) Sectional Specification: Passive
Filter Units for El ectromagnetic
Interference Suppression (Filters for
whi ch safety tests are required)

.2 RELATED REQUI REMENTS

Section 16050, "Basic Electrical Mterials and Methods", and Section 16402,
"Interior Distribution Systenf apply to this section with additions and

nodi fications specified herein.

.3 SYSTEM DESCRI PTI ON

. 3.1 Per f or mance Requi renents

.3.1.1 El ectromagnetic Interference Suppression

El ectromagnetic Interference Suppression shall be in accordance with CEl EN

133200. Equi pnent shall be CE | abel ed and shall conply with
el ectronagnetic interference Suppression Norns.
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1.3.1.2 El ectromechani cal and El ectrical Conponents

El ectrical and el ectromechani cal conmponents of the Variable Frequency Drive
(VFD) shall not cause el ectromagnetic interference to adjacent electrica
or el ectromechani cal equi pnent while in operation

1.3.2 El ectrical Requirenents
1.3.2.1 Power Line Surge Protection

CEl EN 60099-4. Control panel shall have surge protection, included within
the panel to protect the unit from danmagi ng transi ent voltage surges.

Surge arrestor shall be nmounted near the incom ng power source and properly
wired to all three phases and ground. Fuses shall not be used for surge
protection.

1.3.2.2 Sensor and Control Wring Surge Protection

I/ O functions as specified shall be protected agai nst surges i nduced on
control and sensor wiring installed outdoors and as shown. The inputs and
out puts shall be tested in both normal node and commbn node using the

foll owi ng two wavef or ns:

a. A 10 microsecond by 1000 microsecond waveformwi th a peak voltage
of 1500 volts and a peak current of 60 anperes.

b. An 8 microsecond by 20 microsecond waveformwi th a peak vol tage of
1000 volts and a peak current of 500 anperes.

1.4 SUBM TTALS
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NOTE:

Submittals nmust be linmted to those necessary for
adequate quality control. The inportance of an item
in the project should be one of the primary factors
in determining if a subnmttal for the itemis

required.
A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone

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

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G
designation to indicate the approving authority.
Recommended codes for Arny projects are "RE" for

Resi dent Engi neer approval, "ED' for Engi neering
approval, and "AE" for Architect-Engi neer approval
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Codes following the "G' typically are not used for
Navy projects.

Submittal itens not designated with a "G' are
considered as being for information only for Arny
projects and for Contractor Quality Control approval
for Navy projects.
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Submit the following in accordance with Section 01330, "Submttal
Procedures."

SD- 02 Shop Drawi ngs
Schenmati ¢ di agrans; G
I nt erconnecting di agrans; G
Submit draw ngs for governnent approval prior to equi pnent
construction or integration. Mdifications to original draw ngs
made during installation shall be i mediately recorded for
inclusion into the as-built draw ngs.
SD- 03 Product Data
Vari abl e frequency drives; G
I nclude data indicating conpatibility with notors being driven.
SD- 06 Test Reports
VFD Test ; G
Performance Verification Tests
SD- 08 Manufacturer's Instructions
Installation instructions
SD- 10 Operation and Mai ntenance Data
Vari abl e frequency drives, Data Package 4
Submit operation and nmi ntenance nanuals in accordance with
Section 01781, "QOperation and Mai ntenance Data." Provide service
and nai ntenance information including preventive nmintenance,
assenbly, and di sassenbly procedures. |Include electrical draw ngs
fromelectrical general sections. Subnmit additional infornmation
necessary to provide conplete operation, repair, and nai ntenance
information, detailed to the smallest replaceable unit. |Include
copies of as-built submittals. Provide routine preventative
mai nt enance instructions, and equi prent required. Provide

instructions on how to nodify program settings, and nodify the
control program Provide instructions on drive adjustnent,
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troubl e-shooting, and configuration. Provide instructions on
process tuning and systemcalibration

1.5 QUALI TY ASSURANCE
1.5.1 Schenati ¢ D agrans

Show circuits and device el enents for each replaceabl e nodule. Schematic
di agranms of printed circuit boards are pernmitted to group functiona
assenbl i es as devices, provided that sufficient information is provided for
gover nment mai nt enance personnel to verify proper operation of the
functional assenblies.

1.5.2 I nt erconnecting Di agrans

Show i nt erconnecti ons between equi prent assenblies, and externa
i nterfaces, including power and signal conductors. Include for enclosures
and external devices.

1.5.3 Installation instructions

Provide installation instructions issued by the manufacturer of the
equi pnent, including notes and recomendati ons, prior to shiprment to the
site. Provide operation instructions prior to acceptance testing.

1.6 DELI VERY AND STORAGE

Equi pnent delivered and placed in storage shall be stored with protection
fromthe weather, hum dity and tenperature variations, dirt and dust, or
ot her contam nants.

PART 2 PRODUCTS
2.1  SOURCE MANUFACTURERS
2.1.1 Vari abl e Frequency Drives

The foll owi ng nanufacturers provide VFD s that generally conply with these
speci fications:

GE Power Controls Italia S.p. A
Via Tortona, 27

20144 M1 ano

Tel : 02-42421

Fax: 02-4242502

Schnei der Electric S.p. A
20041 Agrate (M) Italia
Tel : 039-6558111
Fax: 039-6056900

2.2 VAR ABLE FREQUENCY DRI VES ( VFD)
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NOTE: Variable frequency drives can operate single
phase or three phase AC notors fromO0.4 kWto 630
kKW Indicate notor sizes controlled on the draw ngs.
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CEl EN 50178, CElI EN 60947-4-1, CEl EN 60947-4-2, CEl EN 61800-2, CEl EN

61800-3, and shall be CE | abel ed. Provide frequency drive to control the
speed of induction notor(s). The VFD shall include the follow ng m ni num
functions, features and ratings.

a. Input circuit breaker per CEl EN 60947-4-1, or CEl EN 60947-4-2,
as applicable, with a m ninumof [10,000] [22,000] [65,000] anps
symmetrical interrupting capacity and door interlocked externa
operator.

b. A converter stage shall change fixed voltage, fixed frequency, ac
line power to a fixed dc voltage. The converter shall utilize a
full wave bridge design incorporating diode rectifiers. Silicon
Controlled Rectifiers (SCR) are not acceptable. The converter
shal |l be insensitive to three phase rotation of the ac line and
shal | not cause displacenent power factor of |ess than 0.95
| aggi ng under any speed and | oad condition.

c. An inverter stage shall change fixed dc voltage to variable
frequency, variable voltage, ac for application to a standard
squirrel cage notor. The inverter shall be switched in a nmanner
to produce a sine coded pul se width nodul ated (PWW) out put
wavef orm
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NOTE: |If constant torque required nodify to 150
percent of rated full |oad.
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d. The VFD shall be capable of supplying 120 percent of rated ful
| oad current for one minute at nmaxi mum anbi ent tenperature.

e. The VFD shall be designed to operate froma [__ ] [400] volt, +
or - 10 percent, three phase, 50 Hz supply, and control notors
with a correspondi ng vol tage rating.

f. Acceleration and deceleration tine shall be independently
adj ustabl e from one second to 60 seconds.
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NOTE: Mbodify this paragraph if constant torque
required.
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g. Adjustable full-tinme current Iimting shall limt the current to a
preset val ue which shall not exceed 120 percent of the controller
rated current. The current limting action shall nmintain the
V/IHz ratio constant so that variable torque can be nmintai ned.
Short tinme starting override shall allow starting current to reach
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175 percent of controller rated current to nmaxinmze starting
t or que.

The controllers shall be capabl e of producing an output frequency
over the range of 3 Hz to 60 Hz (20 to one speed range), w thout

| ow speed cogging. Over frequency protection shall be included
such that a failure in the controller electronic circuitry shal
not cause frequency to exceed 110 percent of the nmaxinum
control l er output frequency sel ected.

M ni rum and naxi num out put frequency shall be adjustable over the
followi ng ranges: 1) Mninmum frequency 3 Hz to 50 percent of

maxi mum sel ected frequency; 2) Maxi num frequency 40 Hz to 60 Hz.

The controller efficiency at any speed shall not be | ess than 96
percent.

The controllers shall be capable of being restarted into a notor
coasting in the forward direction w thout tripping.

Protection of power seniconductor conponents shall be acconplished
wi t hout the use of fast acting seniconductor output fuses.
Subj ecting the controllers to any of the follow ng conditions
shall not result in conponent failure or the need for fuse
repl acenent :

1. Short circuit at controller output

2. Gound fault at controller output

3. Open circuit at controller output

4. Input undervoltage

5. I nput overvoltage

6. Loss of input phase

7. ACIline switching transients

8. I nstantaneous overl oad

9. Sustained overl oad exceeding 115 percent of controller rated
current

10. Over tenperature

11. Phase reversa

Solid state notor overload protection shall be included such that
current exceeding an adjustable threshold shall activate a 60
second timng circuit. Should current renmain above the threshold

continuously for the timng period, the controller wll
autonmatically shut down.

SECTI ON 16261 Page 8



n. A slip conpensation circuit shall be included which will sense
changi ng notor | oad conditions and adjust output frequency to
provi de speed regul ation of notors to within +/ - 0.5 percent of
maxi mum speed wi thout the necessity of a tachoneter generator

0. The VFD shall be factory set for manual restart after the first
protective circuit trip for nalfunction (overcurrent,
undervol t age, overvoltage or overtenperature) or an interruption
of power. The VFD shall be capable of being set for automatic
restart after a selected tine delay. |If the drive faults again
within a specified tine period (adjustable 0-60 seconds), a manua
restart will be required.

p. The VFD shall include external fault reset capability. Al the
necessary logic to accept an external fault reset contact shall be
i ncl uded.

g. Provide critical speed |lockout circuitry to prevent operating at
frequencies with critical harnonics that cause resonant
vi brations. The VFD shall have a mnimum of three user selectable
bandwi dt hs.

r. Provide the follow ng operator control and nonitoring devices
nmounted on the front panel of the VFD

1. Manual speed potentioneter.

2. Hand-Of-Auto ( HOA ) switch. The controller shall accept an
i nput signal of 0 - 10 vdc, 4 - 20 ma dc or 20.7 - 103.4 kPa as an
aut onati c speed reference signal when the controller is in the

aut onati ¢ node of operation. The nanual speed potentioneter will
control the AC drive frequency when the switch is in manual node

3. Power on light.

4, Drive run power light.
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NOTE: Edit the foll owi ng paragraph to include
readouts for the application required.
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5. Local display. An al phanuneric status and di agnostic displ ay,
consisting of a front panel readout shall indicate: real tine
out put frequency, output voltage, output current, notor speed,

i nput sensor readings, elapsed tine, and fault conditions. The
fault conditions shall include the follow ng: bus shoot through

i nst ant aneous overcurrent, ground fault, overload, option fault,
overtenperature, overvoltage and drive | ockout. The faults shal
be stored in nonvolatile nenory. A reset/scan push button shal

be included for reviewing data and resetting the stored fault

i nformation.
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s. Provide an RS-232 or RS-422/485 interface card which can both
control and nonitor the VFD

t. The cycle tine and characteristics of the input signal fromthe
control systemshall be fully conpatible with the variable speed
controller. Sensor wiring shall be installed as control wring
covered in other sections of this specification. Coordinate the
requirenents with the provided equi pnent.

.3 ENCLOSURES

Provi de equi pnent encl osures conformng to CEl EN 60529.

.4 NAMVEPLATES

Nanmepl ates external to enclosures shall conformwi th the requirenents of
Section 16050, "Basic Electrical Mterials and Methods." Nanepl ates
internal to enclosures shall be manufacturer's standard, with the exception
that they nmust be pernmanent.

.5 SCQURCE QUALI TY CONTROL

.5.1 VFD Qual ity Assurance

To ensure quality, each and every VFD shall be subject to a series of
in-plant quality control inspections before approval for shipment fromthe
manufacturer's facilities. Al conponents shall be tested prior to
assenbly and the conplete unit shall be tested under full |oad conditions
to ensure nmaxi num product reliability.

.5.2 St andard Production Unit

The VFDs shall be current standard production unit with at |east 10
identical units already in the field. The VFD shall be of continuous
design series from4 kWto 200 kw

.5.3 VFD Manuf act ur er

The VFD s shall be physically built by the nanepl ated and narketing
manuf act urer.

.5.4 Support

Engi neering support shall be available fromthe factory of the VFD. Phone
support shall be free of charge to the end user for the |ife of the
equi pment. Factory support shall be available in the English | anguage.

PART 3 EXECUTI ON

3.

1 | NSTALLATI ON
Per CElI 64-8, install equipnment in accordance with the approved

manufacturer's printed installation drawi ngs, instructions, wiring
di agranms, and as indicated on project drawings and the approved shop
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drawings. A field representative of the drive manufacturer shall supervise
the installation of all equipnment and wring.

3.2 FI ELD QUALI TY CONTRCL

Speci fied products shall be tested as a systemfor conformance to
specification requirements prior to scheduling the acceptance tests.
Contractor shall conduct performance verification tests in the presence of
Government representative, observing and docunenting conpl ete conpliance of
the systemto the specifications. Contractor shall submt a signed copy of
the manufacturer's field test results, certifying proper system operation
bef ore schedul ing perfornmance verification acceptance tests.

3.2.1 VFD Test

A proposed test plan shall be submitted to the contracting officer at |east
28 cal endar days prior to proposed testing for approval. The tests shal
conformto CEl EN 60947-4-1, CEl EN 60947-4-2, and CEl EN 61800-2, as
applicable, and all nanufacturer's safety regul ations. The Government
reserves the right to witness all tests and review any docunentation. The
contractor shall informthe Governnent at |east 14 working days prior to
the dates of testing.

3.2.2 Per f ormance Verification Tests

"Perfornmance Verification Test" plan shall provide the step by step
procedure required to establish formal verification of the perfornance of
the VFD. Conpliance with the specification requirenments shall be verified
by inspections, review of critical data, denonstrations, and tests. The
Government reserves the right to witness all tests, review data, and
request other such additional inspections and repeat tests as necessary to
ensure that the system and provi ded services conformto the stated

requi renents. The contractor shall informthe Governnent 14 cal endar days
prior to the date the test is to be conduct ed.

3.3 DEMONSTRATI ON
3.3.1 Trai ni ng

Coordinate training requirements with the Contracting Oficer
3.3.1.1 Instructions to CGovernment Personne

Provi de the services of conpetent instructors who will give full

instruction to designated personnel in operation, nmintenance, calibration
configuration, and progranm ng of the conplete control system Oient the

training specifically to the systeminstalled. Instructors shall be
thoroughly famliar with the subject matter they are to teach. The
CGover nment personnel designated to attend the training will have a high

school education or equivalent. Provide a training manual for each student
at each training phase which describes in detail the material included in
each training program

3.3.1.2 Operating Personnel Training Program
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Provide one 2 hour training session at the site at a tinme and pl ace
nmut ual |y agreeabl e between the Contractor and the Governnent. Provide
session to train 4 operation personnel in the functional operations of the
system and the procedures that personnel will follow in system operation.
This training shall include:

a. System overview

b. General theory of operation

c. System operation

d. Aarmformats

e. Failure recovery procedures

f. Troubl eshooti ng

-- End of Section --
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