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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.

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

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

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

Recommended changes to a UFGS should be submitted as
a Citeria Change Request (CCR)
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NOTE: Pul se width nodul ated (PW) is the

predoni nant type of variable frequency drive (VFD).
O her VFD types include current source inverter
(Csl), voltage source inverter (VSI), and fl ux
vector drive (FVD). For a description of each type
of VFD, basic information on the principles of
operation of VFD s, guidance of the proper
application of VFD s, and installation guidelines,
refer to Appendix D of M L-HBDK-1003/3, Heati ng,
Ventilating, Air Conditioning, and Dehum dification
Syst ens.
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PART 1

1.1

GENERAL

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

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

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

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the

ext ent

referenced. The publications are referred to within the text by the

basi ¢ designation only.

| EEE

| EEE

| EEE

NENVA

NEMA

NEMA

NEMA

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

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

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

C62.41.2 (2002) | EEE Reconmended Practice on

Characterization of Surges in Low Voltage
(1000 V and Less) AC Power Circuits

Std 519 (1992; Errata 2004) Reconmended Practices

and Requirements for Harnonic Control in
El ectrical Power Systens

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEVA)

250

ICS 1

ICS 3

ICS 6

(2008) Enclosures for Electrical Equiprent
(1000 Vol ts Maxi mun)

(2000; R 2005; R 2008) Standard for
I ndustrial Control and Systems Cenera
Requi rement s

.1 (1997; R 2003) Industrial Control and

Systens: Handling, Storage and
Installation Guide for AC CGeneral - Purpose
Medi um Vol t age Contactors and C ass E
Controllers, 50 and 60 Hertz

(1993; R 2006) Standard for Industrial
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Control s and Systens Encl osures

NEMA | CS 7 (2006) Industrial Control and Systens:
Adj ust abl e- Speed Drives

NATI ONAL FI RE PROTECTI ON ASSOC!I ATI ON ( NFPA)

NFPA 70 (2007; AMD 1 2008) National Electrical
Code - 2008 Edition

U. S. DEPARTMENT OF DEFENSE ( DOD)
M L- STD- 461 (Rev F) Requirenents for the Control of
El ectromagnetic Interference
Characteristics of Subsystems and Equi prent
U. S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
47 CFR 15 Radi o Frequency Devi ces
UNDERWRI TERS LABORATORI ES (UL)
UL 489 (2002; Rev thru Mar 2009) Standard for
Mol ded- Case Gircuit Breakers, Mol ded-Case

Swi tches and Circuit-Breaker Encl osures

UL 508C (2002; Rev thru Feb 2008) Power Conversion
Equi pnent

.2 RELATED REQUI REMENTS

Section 26 00 00.00 20 BASIC ELECTRI CAL MATERI ALS AND METHODS, and Section
26 20 00 DI STRIBUTI ON W RI NG SYSTEM apply to this section with additions
and nodifications specified herein.

.3  SYSTEM DESCRI PTI ON

. 3.1 Per f or mance Requirements

.3.1.1 El ectromagnetic Interference Suppression

Conputing devices, as defined by 47 CFR 15, M L-STD-461 rul es and

regul ations, shall be certified to comply with the requirenments for class A
computi ng devices and | abel ed as set forth in part 15.

.3.1.2 El ectronechani cal and El ectrical Components

El ectrical and el ectronechani cal conponents of the Variable Frequency Drive
(VFD) shall not cause electromagnetic interference to adjacent electrica
or el ectromechani cal equi prrent while in operation

. 3.2 El ectrical Requirenents

.3.2.1 Power Line Surge Protection

| EEE C62.41.1 and | EEE C62.41.2, |EEE Std 519 Control panel shall have
surge protection, included within the panel to protect the unit from

damagi ng transi ent voltage surges. Surge arrestor shall be nounted near
the incom ng power source and properly wired to all three phases and
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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 induced on
control and sensor wiring installed outdoors and as shown. The inputs and
outputs shall be tested in both normal npbde and conmon nobde using the

foll owi ng two wavef or ns:

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

b. An 8 microsecond by 20 mnicrosecond waveformw th a peak voltage of
1000 volts and a peak current of 500 anperes.

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

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

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

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

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

Rk Ik kb Sk R IR Rk kS e S S b R AR Ik R R R Rk O R I R R R

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Government.] The follow ng shall be submitted in accordance with
Section 01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
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Schematic diagranms[; C[; G |
Interconnecting diagranms[; C[; G [___ 11
Installation drawings[; C[; G [
Submit draw ngs for government approval prior to equi pnent
construction or integration. Mdifications to original draw ngs
made during installation shall be imediately recorded for
inclusion into the as-built draw ngs.
SD- 03 Product Data
Vari abl e frequency drives[; C[; G |
Wres and cabl es
Equi pnment schedul e
Include data indicating conpatibility with nmotors being driven.
SD- 06 Test Reports
VFD Test
Performance Verification Tests
Endur ance Test
SD- 08 Manufacturer's Instructions
Installation instructions
SD- 09 Manufacturer's Field Reports
VFD Factory Test Plan[; CG[; G [
Factory test results
SD-10 Operation and Mi ntenance Data
Vari abl e frequency drives, Data Package 4
Submit in accordance with Section 01 78 23 OPERATI ON AND
MAI TNENANCE DATA. Provide service and mai ntenance infornmation
i ncludi ng preventive maintenance, assenbly, and disassenbly
procedures. Include electrical drawings fromelectrical genera
sections. Submt additional information necessary to provide
conpl ete operation, repair, and mai ntenance information, detail ed
to the smallest replaceable unit. Include copies of as-built
submittals. Provide routine preventative nmintenance
i nstructions, and equi pnent required. Provide instructions on how
to nodify program settings, and nodify the control program
Provi de instructions on drive adjustnent, trouble-shooting, and

configuration. Provide instructions on process tuning and system
cal i bration.
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.5  QUALITY ASSURANCE
.5.1 Schemati ¢ Di agrans

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

.5.2 I nt erconnecti ng 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.

.5.3 I nstal | ati on Drawi ngs

Show fl oor plan of each site, with V.F.D.'s and notors indicated. Indicate
ventilation requirenents, adequate clearances, and cable routes.

.5.4 Equi pnent Schedul e

Provi de schedul e of equi prrent supplied. Schedul e shall provide a cross
reference between manufacturer data and identifiers indicated in shop

drawi ngs. Schedul e shall include the total quantity of each item of

equi prent supplied. For conplete assenblies, such as VFD' s, provide the
serial nunbers of each assenbly, and a sub-schedul e of conponents within
the assenbly. Provide recommended spare parts listing for each assenbly or
conponent.

.5.5 Installation instructions

Provide installation instructions issued by the manufacturer of the
equi prent, including notes and recomendations, prior to shipnent to the
site. Provide operation instructions prior to acceptance testing.

.5.6 Factory Test Results

Docurent test results and submt to governnment within 7 working days after
conpl etion of test.

.6 DELI VERY AND STORAGE

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

7 WARRANTY

The conpl ete system shall be warranted by the manufacturer for a period of
one year, or the contracted period of any extended warrantee agreed upon by
the contractor and the Governnent, after successful conpletion of the
acceptance test. Any conponent failing to performits function as

speci fied and docunented shall be repaired or replaced by the contractor at
no additional cost to the Government. |Itens repaired or replaced shall be
warranted for an additional period of at |east one year fromthe date that
it becones functional again, as specified in the FAR CLAUSE 52. 246-21
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1

1

8 MAI NTENANCE
8.1 Spare Parts

Manuf acturers provide spare parts in accordance with recomended spare
parts list.

.8.2 Mai nt enance Support

During the warranty period, the Contractor shall provide on-site, on-cal

mai nt enance services by Contractor's personnel on the follow ng basis: The
service shall be on a per-call basis with 36 hour response. Contractor
shal | support the nmaintenanc e of all hardware and software of the system
Various personnel of different expertise shall be sent on-site depending on
the nature of the maintenance service required. Costs shall include
travel, local transportation, |iving expenses, and | abor rates of the
service personnel while responding to the service request. The provisions
of this Section are not in lieu of, nor relieve the Contractor of, warranty
responsibilities covered in this specification. Should the result of the
service request be the uncovering of a system defect covered under the
warranty provisions, all costs for the call, including the | abor necessary
to identify the defect, shall be borne by the Contractor

PART 2 PRODUCTS

2.

1 VARI ABLE FREQUENCY DRI VES ( VFD)

Provide frequency drive to control the speed of induction notor(s). The
VFD shal |l include the followi ng mninmum functions, features and ratings.

a. Input circuit breaker per UL 489 with a mini mum of 10,000 anps
symretrical interrupting capacity and door interlocked externa
operator.

b. A converter stage per UL 508C shall change fixed voltage, fixed
frequency, ac line power to a fixed dc voltage. The converter
shall utilize a full wave bridge design incorporating di ode
rectifiers. Silicon Controlled Rectifiers (SCR) are not
acceptable. The converter shall be insensitive to three phase
rotation of the ac line and shall not cause di spl acenent power
factor of less than .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 NEVA
design B squirrel cage motor. The inverter shall be switched in a
manner to produce a sine coded pul se width nmodul ated (PWW out put
wavef orm

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

NOTE: |If constant torque required nmodify to 150
percent of rated full |oad.
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d. The VFD shall be capabl e of supplying 120 percent of rated ful
|l oad current for one mnute at naxi mum anbi ent tenperature.

e. The VFD shall be designed to operate froma | ] volt, + or -

10 percent, three phase, 60 Hz supply, and control notors with a
correspondi ng vol tage rating.
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f. Acceleration and deceleration time shall be independently
adj ustabl e from one second to 60 seconds.
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NOTE: Modify this paragraph if constant torque
required.
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g. Adjustable full-tinme current limting 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 maintain the
V/Hz ratio constant so that variable torque can be mmintained.
Short time starting override shall allow starting current to reach
175 percent of controller rated current to maxi mum starting torque.

h. The controllers shall be capable of producing an output frequency
over the range of 3 Hz to 60 Hz (20 to one speed range), w thout
| ow speed coggi ng. 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 maxi mum
control |l er output frequency sel ected.

i. Mnimmand maxi num out put frequency shall be adjustable over the
followi ng ranges: 1) M ninum frequency 3 Hz to 50 percent of
maxi mum sel ect ed frequency; 2) Maxi mum frequency 40 Hz to 60 Hz.

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

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

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

1. Short circuit at controller output
2. Gound fault at controller output

3. Open circuit at controller output

4. Input undervoltage

5. Input 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
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11. Phase reversa

m Solid state nmotor overload protection shall be included such that
current exceedi ng an adjustable threshold shall activate a 60
second timng circuit. Should current renain above the threshold
continuously for the timng period, the controller wll
automatically shut down.

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

0. The VFD shall be factory set for manual restart after the first
protective circuit trip for mal function (overcurrent, undervoltage,
overvol tage or overtenperature) or an interrupti on of power. The
VFD shal |l be capable of being set for automatic restart after a
selected time delay. If the drive faults again within a specified
time period (adjustable 0-60 seconds), a manual 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 |ockout circuitry to prevent operating at
frequencies with critical harnonics that cause resonant
vi brations. The VFD shall have a mini num of three user selectable
bandwi dt hs.

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

1. Manual speed potentioneter.
2. Hand-Of-Auto ( HOA ) switch.
3. Power on light.

4. Drive run power |ight.

5. Local display.

s. Provide properly sized NEMA rated by-pass and isol ation contactors
to enabl e operation of notor in the event of VFD failure.
Mechani cal and el ectrical interlocks shall be installed between
the by-pass and isolation contactors. Provide a selector switch
and transfer delay tiner.

2.2 ENCLOSURES
Provi de equi pnent enclosures conforming to NEMA 250, NEVA I CS 7, NEMVA | CS 6.
2.3 W RES AND CABLES

All wires and cables shall conformto NEMVA 250, NEVA | CS 7, NFPA 70.
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2.4 NAMVEPLATES

Nanepl at es external to NEMA encl osures shall conformw th the requirements
of Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS

Nanepl ates internal to enclosures shall be manufacturer's standard, wth
the exception that they nust be pernmanent.

2.5 SOURCE QUALI TY CONTROL
2.5.1 VFD Factory Test Pl an

To ensure quality, each VFD shall be subject to a series of in-plant
quality control inspections before approval for shipment fromthe
manuf acturer's facilities. Provide test plans and test reports.

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

Per NEMA | CS 3.1, install equipnent in accordance with the approved
manufacturer's printed installation drawi ngs, instructions, wring

di agrans, and as indicated on project drawings and the approved shop
drawings. A field representative of the drive nmanufacturer shall supervise
the installation of all equipnent, and wiring.

3.2 FI ELD QUALI TY CONTRCL

Speci fied products shall be tested as a systemfor confornance to
specification requirements prior to scheduling the acceptance tests.
Contractor shall conduct performance verification tests in the presence of
CGovernment representative, observing and docunenting conpl ete conpliance of
the systemto the specifications. Contractor shall submt a signed copy of
the test results, certifying proper system operation before scheduling
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 NEMA ICS 1, NEVMA ICS 7, and all nanufacturer's safety

regul ations. The Governnment reserves the right to witness all tests and
revi ew any docunentation. The contractor shall informthe Governnment at

| east 14 working days prior to the dates of testing. Contractor shal
provi de video tapes, if available, of all training provided to the
Covernment for subsequent use in training new personnel. Al training
aids, texts, and expendabl e support material for a self-sufficient
presentation shall be provided, the anount of which to be deternined by the
contracting officer.

3.2.2 Performance Verification Tests

"Performance Verification Test" plan shall provide the step by step
procedure required to establish formal verification of the performance of
the VFD. Conpliance with the specification requirenments shall be verified
by inspections, review of critical data, denobnstrations, and tests. The
CGovernment 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
requirements. The contractor shall informthe Governnment 14 cal endar days
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prior to the date the test is to be conducted.
. 2.3 Endur ance Test

| mredi ately upon conpl etion of the performance verification test, the
endurance test shall commence. The system shall be operated at varying
rates for not |less than 192 consecutive hours, at an average effectiveness
| evel of .9998, to denonstrate proper functioning of the conplete PCS
Continue the test on a day-to-day basis until performance standard is net.
During the endurance test, the contractor shall not be allowed in the

buil ding. The system shall respond as desi gned.

.3 DEMONSTRATI ON

. 3.1 Trai ni ng

Coordinate training requirenments with the Contracting O ficer
.3.1.1 I nstructions to CGovernment Personne

Provi de the services of conpetent instructors who will give ful

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

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

school education or equivalent. The nunber of training days of instruction
furni shed shall be as specified. A training day is defined as ei ght hours
of instruction, including two 15-mi nute breaks and excluding |unch tine;
Monday through Friday. Provide a training nanual for each student at each
traini ng phase whi ch describes in detail the material included in each
training program Provide one additional copy for archiving. Provide

equi prrent and materials required for classroomtraining. Provide a list of
additional related courses, and offers, noting any courses recomended.
Li st each training course individually by nane, including duration

approxi mate cost per person, and |l ocation of course. Unused copies of
training manual s shall be turned over to the Governnment at the end of |ast
traini ng session.

.3.1.2 Qperating Personnel Training Program
Provide one 2 hour training session at the site at a tinme and pl ace
nmutual |y agreeabl e between the Contractor and the Government. 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. Aarmformts

e. Failure recovery procedures

f. Troubl eshooting
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3.3.1.3

Engi neeri ng/ Mai nt enance Personnel Trai ning

Accomplish the training programas specified. Training shall be conducted
on site at a location designated by the Governnent. Provide a one day
training session to train 4 engineering personnel in the functiona

operations of the system This training shall include:
a. System overview
b. General theory of operation
c. System operation
d. System configuration
e. Aarmformts
f. Failure recovery procedures
g. Troubl eshooting and repair
h. Mai ntenance and calibration

Syst em progranm ng and configuration

End of Section --
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