HAMPTON ROADS SANITATION DISTRICT
Electrical Department
2391 G Avenue
Newport News, VA 23602
Phone: 757-833-1702
Fax: 757-875-0273

Drive Specifications:
Date: 09-10-15

Variable Frequency Drive w/ Waste Water Package

1.) Horsepower:

2.) Full Load Amps:

3.) VAC, Three Phase, 60 Hertz, with internal DC Link Choke and Line
Reactor.

4.) NEMA 12 free standing enclosure, 90” x 36” x 20” with viewing window and
positive pressure blower & filter. Viewing window shall be made by Tegam
(www.tegam.com- Item# AWXXXX). Also note, width may vary depending

on air exchanges needed for correct cooling factor and/ or dimension of the
VFD.

Tegam windows are not required if the VFD's are installed in a controlled
environment. - :

5.) Door mounted digital keypad operator

6.) Fully NEMA rated door interlocking circuit breaker approved for thermal &
magnetic trips. [EC or DUAL RATED NOT ACCEPTED.

7.) Fully NEMA rated three contactor by-pass configuration fully rated for
continuous drive operation, Also, shall operate automatically when in the
by-pass position. IEC or DUAL RATED NOT ACCEPTED.

8.) NEMA rated — “Drive/ Off/ By-Pass” and “Test/Off/Run” selector switches.
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9.) NEMA Rated- “Manual/Auto” selector switch programmed for a voltage -
(manual) and current (auto) input. Additional contact on “Auto” side of
switch to provide closure in auto mode and wired to terminal on drive,

10.) Door mounted Yekegawa-etapsed-timemeter-Model#2403TTAAABT 120

VAC non- resettable. ]Crompton elapsed time meter is UL listed |

11.) 4-20 MADC speed reference for input and output signals.

12.) NEMA rated speed potentiometer mounted on door for manual speed
control.

13.) Isolation form “C” relay TPDT for each “Run”, “Fault” and “Man/ Auto”
status.

14.) Enclosure shall be manufactured by Hoffman.

15.) Control transformer should be 1,000 VA or larger based on control needs

in cabinet.

16.) Auxiliary contact for cabinet cooling fans to be form “C” relay TPDT and
controlled from Run Status contacts of VFD.

17.) Cooling air fans shall be sized to provide correct air exchanges in cabinet
to maintain temperature in cabinet below VFD rating.

18.) Extended 5 year warranty must be included.

19.) The assembly shall be listed per UL508 and 508A or equivalent NRTL
standard. The entire assembly shall be affixed with UL508A label prior to
shipment.

20.) Application specific - evaluate need for soft start for bypass for 100 HP
motors or greater.

21.) Door mounted cradle for controller that could be removed and connected
via (3m or 9ft) cable so that drive can be operated outside of the arc flash
houndary.

Note for Vendor:

1.) Must visit the site to verify that equipment ordered is correct for operation.

2.) Drawings for approval are required to be submitted to HRSD Electrical
Department.

3.) Items 6 & 7 shall be approved NEMA rated Cutler-Hammer, Allen-Bradley

or Square D. |Or other manufacture NEMA rated with written approval by the
HRSD site.
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4.) All switches and lights shall be heavy duty NEMA Rated Cutler-Hammer or
Allen-Bradley 30mm.

5.) All switches, lights and keypad shall be mounted inside of viewing window
on door. If applicable

6.) All spare relay contacts should be wired to terminal blocks.

7.) Fault relay should be controlled from Normally Closed (N.C.) contacts of
VFD MB & MC Terminals and to be wired after Overload (O/L) contacts on
drawing.

8.) All VFD’s will be shipped attached Horizontally on pallets and with sufficient

protection for the switches, lights and On/Off breaker.
9.) THERE SHALL BE NO IEC OR DUAL RATED NEMA DEVICES ACCEPTED.
Examples: Lights, position switches, circuit breakers, contactors and speed

potentiometer.

Mount Thermostat abave or close to
the VFD. Not at the bottom of the
cablinet
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Technical Memorandum to Provide Harmonic Mitigation Recommendation for Variable Frequency
Drives at Pressure Reducing Stations

Introduction

it is our experience variable freguency drives (VFDs) operating motors 100HP or |arger benefit from
harmonic filters to reduce the effects of harmonic distartion. Harmonic distortion can increase generator
sizing, reduce equipment life expectancy, and reduce the efficiency of the power system ultimately
resulting in higher operation and maintenance costs, HRSD's standard Yaskawa A1000 VFD with a line
reactor reduces the harmonic distortion, but it is estimated the total distortion will be greater than the
[imits recommended by IEEE-519, See Figure 1 below for the IEEE-519 recommended limits, and Figure 2
for the harmonic estimation of HRSD's standard configuration.

Harmonic Mitigation Options

There are two options for mitigating the harmonics generated by the VFDs. The first option for harmaonic
mitigation is to add a passive harmonic filter. A passive harmonic filter may be added to HRSD's standard
configuration. Adding a passive harmonic filter will reduce the effects of harmonic distortion within the
limits recommended by IEEE-519, see Figure 3 for the harmonic estimation. This option will increase the
foot print of the drive enclosure, additional labor will be required for wiring, and additional ventilation
will be reqguired for heat dissipation.

The second option for harmonic mitigation is to utilize the Yaskawa U1000 Matrix VFD. The Yaskawa
L1000 Matrix VFD will replace the Yaskawa A1000 VFD and line reactor. Use of the Yaskawa U1000 Matrix
VFD will reduce the effects of harmonic distortion within the limits recommended by IEEE-519, see Figure
4 for the harmonic estimation. This option will not impact the foot print of the drive enclosure, labor for
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Technical Memorandum

wiring will be reduced because the line reactor is no longer required, and additional ventilation will not
be required for heat dissipation.

Either option will increase the cost an estimated 525,000 per drive, based on powering a 215 hp motor.

Recommendation

Of the options available for harmonic mitigation we recommend the Yaskawa U1000 Matrix VFD be used
as the standard variable frequency drive for all motors 100HP and larger. Use of the Yaskawa U1000
Matrix VFD will reduce the effects of harmonic distortion to within the limits recommended by IEEE-519,
eliminate the need for a line reactor and passive harmonic filter, and reduce the foot print of the drive
enclosure compared to a variable frequency drive panel with a line reactor and passive harmonic filter.
The Yaskawa A1000 VFD uses the typical AC to DC conversion, then DC to variable AC pulse width
modulated (PWM) waveform for speed control. The Yaskawa U1000 Matrix VFD reduces harmonics by
AC to AC operation with the use of 9 bi-directional insulated-gate bipolar transistors (IGBTs) for speed
control. In addition to the low harmonics of the Yaskawa U1000 Matrix VFD the use of bi-directional IGETs
allows the variable frequency drive to handle continuous power regeneration.

Aside from the advantages listed above for the Yaskawa U1000 Matrix VFD, the variable frequency drive
has the same user interface and terminal layout as the Yaskawa A1000 VFD, eliminating the need for any
additional operator training for the set-up and programming of the WFD.

Allen Bradley manufactures the PowerFlex 755TL VFD capable of reducing harmonics. While an extensive
evaluation of this drive was not completed (as it is not the model indicated in HRSD's Preferences) as part
of this technical memorandum, this alternative may be worthy of evaluation to determine suitability for
installation in the pressure reducing stations.
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Figure 1. IEEE-519 (2014) Limits

IEEE-519 (2014)
Current Distortion Limits
Harmonic Current Distortion Limits for general distribution systems (120V through 69kW)
fsclL TDD
< 5.0 %
20 - 50 0.0 %
S - 100 12.00 %
100 - 1000 15.0 %
= 1000 20.0 %

TOD = Tmal Demand Distortian, in parcant of IL

Isc = Maximum short circuil cumrent at PCC [Point of Comman Coupling)
IL = Maximum demand load curent &t PCC (Foint of Commaen Coupling)

Vaoltage Distortion Limits
Bus voltage V at PLC THD
Voe=1.0kV B0 %
1EV=V<=69kY 3.0 %
BIEY =V <= 161 kY 25%

161 KV =V 1.5%
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Figure 2. Harmonic Estimation with a Yaskawa A1000 VFD and Line Reactor
Prajeat:  Prosldencos Koad PRS
e | P2 Linear 15 42
._.@ £ @ Yl Load Nen-Linear: 860 HP
Uility Usar
LI'lll'r Diowinon Enamy
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Saurce Froquency (He)  Raling {(kVa) Impedance 7 {%)  Sec Woltage (W Isc [A)
Uity XFMR B0 50,000 B 13 96, A
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Source Datall
Bource Rated Amps, ins (&) Amps Fusdamental (&) Amps Hermonics (A Tolal Amps (&)
Uiy XFMR &8z 08 Bk a2
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Figure 3. Harmonic Estimation with a Yaskawa A1000 VFD and Passive Filter
Enivei Fowar Bysiem Inlormatan Cakbited Selution
U lnemekbenin Framary L lcoluonis Secisdery || 2 Secondars Cormeaibi Tiimet BN TR T LR it
Exier Dt |cokarall ‘ekagn 238 Wrm ||berresri Corsckor - o * | Gaimc| Acios Fer Tumen R
|vattamn M 5e Wvnen | |F e iasnty 58 b Caired MO0 | B % it factiew Fiies Cinrend Bating|
Elfﬂﬁﬂulitili_u_ﬁ_:if:ﬂ Trazskmar G0 kak 1EEE-E18 Seoondary Cormeotion Daca
Trsclomier2 [ 575 & Femid Faoy' Dot T ITOD itk SndscmaFlter 350y Leho 363
YTHO with Sedscdan e (150 Famied FOE: 5 (1%
4 Hon-Linnar Loads (20 marx)
i = Lo il KLIA Livd
o st Trie 'm,:,“,w W Imcacarzs Faacte Power System Elecircal Gwaniities
HF %03 WaDles RACLme e "
Prass Foig' . Empics Severr VR ASeFlwa W Goneitive
Chopr  Tiggior Pt A dmy Pt Ak vt af 1A
Al 6 Pusiom Dot o HGR{ERI Y | 216 i & o fueSs Dirram 5541 B4 540
e v = FLSEERY CUTRN L5 AE1H LR
e — :
== o = ————— LR TabaT 41E 45k 15
SO0 48 L] LT
aLhnsar Loads. o
rmb Fagcmw CuraT LA M .1
o Lo Ty “"":M w ATHES i i b
: K ran nian Fian
R LT R T T WA IEE b *5
[ (51 Tign mea Tan
L o i) ik i T
face
Gimgdim Pase 3
Figwr Ll 1m m
Todal Powe Facs 148 1 im
Wammg Meanages

o




ﬂ\p“ Ehy

L T
e o
HRSD N
% £
ﬁ’*’x‘Tu Ak L
Technical Memorandum
Figure 4. Harmonic Estimation with a Yaskawa U1000 Matrix VFD
BErapct  Fromdance Road FRS
PEA PCCI Linear: 15 HF
(D) L—tom  sondivine wove
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Click here to return to VFH (AUX) (PSs) Click here to return to VED (AUX) (TPs)
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Safety Switches with Variable Frequency Drives

Introduction

The National Electncal Code® (NECE) requires that a disconnecting means shall be located in sight from
the mobor location and the driven machinery location (Adicle 430.102(B)). The NECE defines Tn sight” as
vigible and not more than 50 feet (15.24 m) distant (Article 100 — definitions)

In many cases, molor starers will be located in another space then the molor and to meet code require-
ments, a safely swilch is used 1o add a way 1o disconnect and lockout a3 motor. YWhen an across the line
starler is used, this won't cause an issue, but il can cause issues with a Vanable Freguency Dnve

When a motor i running vith a VFD and is turned off at the safety swilch, the VFD does nol have a way
of sensing that the motor load has dropped off completely in ViHz control  The dimve 1 designed o sup-
ply as much vollage as the metor is demanding and il would nol be uncommon for the motor to not re-
quire any power once the load is moving due lo inertia  Because of this, the VFD wall conbnue to function
and run a5 i normally would saven though the load has bean disconnected. VWhen the safely svilch s
closed again_ the VFD will function like an across (he line starter and an enormous amount of innesh cur-
rent will be generated and pulled through the drive

Across the line starlers are designed lo handle these large current spikes for a shorl amound of time bt
a VFD is meant o be used to ramp up and down the speed of a molor. Unfil recently. this mrush current
could cause the IGET= fo fail and require complete replacement which can be very costly due to down
fime and the process being very labor infensive. A way to prevent these issues is to provide feedback
from ihe safety switch back info the VFD that the swilch has been ocpened and the VIFD should stop run-
ning.

Az a slandand. safety swalches are simple devices that cul off power fo the motor. howewer, they have
additional options including an auxiliary contact that will change states when the swatch is changed

There are mulfipke ways 1o be this back into the VFD lo prevent it from running. but fhe hwo most common
viays are (o use it as a lockout contact that is wired into the RUN inpul of the dive or a Nomally Closed
contact is wired inlo the EXTERMAL FAULT nput on the drive. Each method will be discussad n more
delai below

Interlocking with RUN signal

Eaton provides terminal blocks to interlock an external signal to the RUN input a5 3 standard on afl En-
closed VD Assemblies. From the factory, these lerminal blocks come jumpered as in moslt cases this
interiock signal is not required.  This makes interfocking your safety swilch a3 easy a= running hwo wires
from the safety swiltch info the VFD enclozure that are rated for 120Vac.

In fhe case thal an open component VFD iz being used or the drive waz installed inlo an enclesure by a
lecal panel buider, i vall take some rewinng o interiock the VFD with the Safety Swilch. Figure 1 below
shows a simplified wwing scheme. By wiring a Normally Open Contact from the Safely Swilch in series

with the VFD's RUN Inpui the drive will only be allowed to RUN when the swatch rs closed.

1
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Figure 1 — Interlocking with the WFD RUN ingut

One of the main advantages of going this route is that the VFD will start fo run again a3 soon as the Safe-
ty Switch is pul back inte the closed position. In the case where you don't have a local control station
near the molor. this will save some time from having 10 go back to the main VFD lo resel i to allow the
unit lo starf back up  Some people would prefer that the motor needs 1o be manuaity restarted again in
which case interiocking the Safety Svatch with the VFD EXTERNAL FAULT input &5 a betler sciufion.

Interlocking with EXTERNAL FAULT signal

Wiring into the EXTERNAL FAULT mput on the drive is a less common way of inlerdocking the Safefy
Swiitch with the VFD, but it wall provide similar resulls. Figure 2 below shows a simpified vanng scheme
on how o do this. By wining 3 NMomally Closed Contact from the Safety Switch in senies with the VFD's
EXTERHAL FAULT Inpud. the drive will register a Fault anytime the Swilch is opened, causing the VFD o
shut down.
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Figure 2 — Interlocking with the VFD EXTERMNAL FAULT imput

External Faults are typically looking for low signals to prevent issues with wires coming lose and faults not
registering In this case as soon as the motor's power is cut al the safety swilch, the drive will register an
External Fault which cannol be claared unlil the Safety Switch is closed again. The Drve can fhen be

resel localy at the keypad or through a remote reset bulion with is wired into 2 RESET input on the VFD
The resel can also be done over the communication bus as well,
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Additional Help

in the US or Canada please conlact the Technical Resource Cenler at 1-877-ETN-CARE
or 1-877-326-2273 option 2, option &

All other supporiing documentation is located on the Ealon web sile al wwwe ealon. Ies
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