MOTOR FAUTS

Understanding Variable
Speed Drives - Part 3

A thorough understanding of how to match
the VFD fo the ciriven load s the key o @

successiul application.

Solomon 8. Turkel 13 Senior Instructar
and Cosrse Author for ATMS (Ad-
vanced Technologies Marketig and
Service), Inc., Baltimore, Md.

hen applied prop-
erly, the variable fre-

quency drive (VED) is the most effective motor controller in the
industry today, Modern VFDs are affordable and reliable, have flex-
ibility of control, and offer significantelectrical energy savings through

greatly reduced electric bills,

They stz used in 3 wide variety of appli-
cations for various reasons. For example,
they are the most effective energy saversin
pumnp artd fan applications; they enhance
processoperations, particufarly where flow
controtisinvolved. VFDs providesoft-stare
capabitities, which decrease elecerical
stresses and line voliage sags associared
with full voltage motor starr-ups, especially
when driving high-inertia loads.

To obtain a clear understanding of the
proper and most effective application of
VFDs, you first should gain a working
knowledge of VED basic theory as well as
u strong familiarity with practical know-
how,

Basic VFD theory
Applying a VFD o a specific application is
a0 aiystery when you understand the re-
quirements of the foad. Simply put, the
VFD must have ample curcent capabilicy
for rhe motor s thar the motor ean pro-
duce the required rorque for the load. You
must remember that machine torque s 1
dependent of moror speed and that load
horsepowet iricreases linearfy with rpm.
VFD applications can be divided into
the following individaal load types.
Constant terque loads. Thesc loads rep-
resent %1% of aff general industeial ima-
chines {other than pumps and fans), Ex-
amples of these load types include geoeral
machinery, hoists, conveyors, printing
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presses, positive displacemens pumps,
some mixers and extnders, reciprocating
compressors, as well as rotary compres-
50T,

Constanthorsepower loads. These loads
are most often found in the machine-tool
indusery and center driven winder appli-
cations. Examples of constant horsepower
loads include winders, core-driven reels,
wheel grinders, large drilier machines,
fathes, pianers, boring sachines, and core
extruders.

Traditionally, these loads were consid-
ered DCdriveapplications only. With high-
performance flux vector VFD'snow avaii-
able, many DC drive applications of this
type can be now handied by VFDs,

Varioble torqus loads. Variable rorque
loadsare maostofien found in variable Row
applications, such as fans and pumps. Ex-
amples of appiications include fans, cen-
wrifugal blowers, centrifugal pumps, pro-
peller pumps, tusbine pumps, agitators,
and axial compressors. VEDs offer the
greatest oppottupity for energy savings
when driving these loads because hotse-
power varies as the cube of specd and
torque varies as squace of speed for these
loads. For example, if the motor speed is
reduced 20%, wotor horsepower is re-
duced by a cubicrelationship {3 .8 X8},
or 519, As such, utilities often offer subsi-
dies 1o customers investing in VFD tech-
nology for thetr applications, Many VFD
manafacrures have free software prograems

N U AR
A VFD drives a 250-hp, 460V pump
notor, swhich is being inspected by a
technician in background, In the fore-
grownd are several 3160V vertical pranp
motors,

avaitable for customers 1o cajculate and
document potential energy savings by us-
iny VFDs,

Sizing VFDs for the load
How do you size a VFD drive for anappli-
cationand feel confidentit’sgoingrowork?
First, you minst nnderstand the require-
ments of the Joad. It helps also if you un-
derstand the difference between horse-
power and torque.  As electrical people,
we tend 1o think of loads in horsepower
ratings instead of torque ratings. When
wasthe last time vousized something based
on torque? Thus, both torque and horse-
power must be carefully examined.

Torque. Torque is ant applied force that
tends to produce rotation and is measured
in {b-ft or {bin. Al loads have a rorque
requirement that must be met by the mo-
tor. The purpose of the motor is todevelop
enough rorque to weet the requirements
of the load.

Actually, torque can be thought of as
“OOUMPH". The motar has w develop
enough “OOUMPH " toget the load mov-
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A 300-hp VFD, which drives the 250-hp
vertical pump notor, is being drecked by
the water station mintenance speciaist,
The drive is of PWM design and varies
outhut frequency from 1.25 Heto 60 Hz
tothe motur .

- ing and keep it moving under all the condi-
tions that may apply.

Horsepowar, Horsepower (hp) §s the
time tate at which work is being done.
One hp is the force required o lifr 33,000
the 1 1 min. you wanttoget the work
done in less time, get yourself more horses!

Here are some basicequations thar will
help you understand the celationship be-
rween hp, torque, and speed,

by = {Torgue X Speed}/ 5250 {eq. 1}

Torqgue = {hp X 5250} Spead {eq. 2}

Asanvsample, 4 I-hp mutor operating
at 1800 rpm will develop 2.92 1b-fr of
torgue.

Know your load torque requirements
Everyload hasdistwicr torque requirements
that vary with the Joad’s operation; these
torgues must be supplied by the motor via
the VFD, You should have a clear under-
standing of these torgoes,

* Break-oway forque: torque reguired
1o start a boad in mation {typically greater
than the torque required 1o maintain mo-
tion).

* Accolerating torque: torque required
to bring the load ro operating speed within
a given time,

* Running torque: torque required to
keep che load moving at all specds.

* Pock torque: occasional peak rorque
required by the load, such as a load being
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dropped oo a conveyaor,

+ Holding torque: torque reguired by
the motor when operating as a brake, suet
as down hill foads and high inerria ma-
chines.

Practice! knowhow guidelines
The following guidelines will help ensove
a eorrect match af VID and motor,

1. Define the operating profile of the
load 1o which the YFD is 1o be applied,
Include any or all of the “toyques™ dis-
cussed above. Using a recneding true rms
ammeter 1o record the motor's clirrent
draw pnder all operating conditions will
help in doiug s, Obrain the highest
“peak” current readings under the worst
conditions. Also, see i the motor has been
working in an overloaded condition by
checking the mocor full-load anips (FLA).
An overloaded motor operating at re-
ducedspeeds nuy notsurvive theincreased
remperatures as a result of the reduced
cooling effects of the imotor ar these lower
speeds.

2. Detersnine why the load operation
needs to e changed, Vesy often VFDs have
been applied to applications where all that
was required was a “soft start” reduced
voltage controlfler. The need for the VED
should be based on the ability e change
the foad’s speed as required. In those ap-
plicarions where only ore spead changa is
recuiced, a VFD may wor be necessary or
practical.

3. Size the VED to the motor based on
the mtaxintuns curvent reguireinents ws-
der peak torgue dentands, Do not size the
VED based on horsepoiver ratings. Many
applications have failed because of this.
Remember, the maximumdemands placed
on the maotor by the load must also be met
hy the VFD,

4. Evaluate the posibility of required
oversizing of the VFD. Be aware that mo-
tor pecformance threak-nway rargue, for
cxample) is based upon the capabiliry of
the VID used and the amouwnt of current i
can produce. Depending on the type of
foad and duty cycle expected, oversizing,
of the VED may tw required.

Key VFD specitications

While there are many specifications asso-
ciated with dives, the folfowing are the
BUSE ImpRrtant.

* Confinyous run current rating. This is
the maxunum sus carrent the VFD can
safely handle under all operaring condi-
tions at a fixed ambient teraperature fusu-
ally 4(C). Motor fufl load sine wave gue-
rents must be equal w or less than this
£aTing,

—

* Overload current rafing. This is an in;
verse timecurrent rating that is the maxi. |
mum cucrent the VEDY can praduce for g 4
giventme frame. Typicalratingsare 110% :
to 150% overcurcent for 1 min, depend. !
ing on the manufacturer. Higher current -
ratings can be obrained by oversizing the
VED, This rating is very inportant when
sizing the VFD for the currents needed by -
the motor far break-away torque, ;

» Line voltage. As with any motor con-
troller, an operating voltage must bespeci- ¢
fied. VEDs are designed tooperate at some
nominal voltage such as 240VAC o
480VAC, with anallowable valrage varia-
tion of plus or minus 10%. Most motor
starters will operate beyondthis 10% vana-
tion, but VFDs will not and will go into a
nrotective trip. A recorded voleage read-
ing of line power deviations is highly rec-
ommended for cach application.

Agplications to walch out for

1f you answer any of the following ques-
tions with YES, be extra careful in your
VED selection and setup parameters of the
VED,

*» Will the VFD operote mare then ane
moter? The total peak currents of alf mo-
wr Joads under worstoperating conditions
must be calealated, The VFD maust be sized
based on this maximum curcent require-
ment. Additionally, individual motor pro-
tection must be provided here foreacb me-
o1,

* Will the load be spinning or coasting
when the VFD is sharted? This is very often
the case with fan applications, Whena VED
is first sracted, ic hegias to operate ara Jow
frequencyand voltageandgradually ramps
up to a preset speed. If the load is already
w motion, it will be out of syne with the
VED, The VFI3 wilt agtempi to pull the
maror dewn o the lower frequency, which
may vequire high current levels, usually
causing an everenreent wip, Becanse of
this, VID manufacturers offer drives with
an oprion for synchranization with a spin-
ning loads this VFD ramps at a differen;
freguency,

v Will the power supply source be
switched while the VFD is running? This
oceuass it many buikbings, such as hospi-
tals, where loads are switched to standby
penerators in the evencof a power outage.
Sowe drives will ride throughaa brief power
outage while othersmay not i your appli-
cation is of this type, it must be reviewed
witlt the drive maaufaciarer for a final de
termination of drive capability,

* I5 the lood considered hord lo sfon?
These ate the moton that dim the lights in
the building when you hit the start button,
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Remember, the VFI is fimited in rhe
amount of overcurrent it can produce for
a given period of time, These applications

Application considerations

* Starking forques cursenty

* Running forque corents

* Peok looding cunents

* Dutycycle

= lsod lyyae

* Speed pracision recuired
* Performance (responss)
* ling vohioges {devistions}
* Alliude

* Ambientlemgerature

* Enviioninent

* Mataring/ regensraiing foad
* Sloppiag fequitements

* Molr nameplote doio

» lapuisignots required

» Outpun sigaaits requirad

This information is very belpful when
applying drives and should be provided
to the drive vender for verification prior
io the sefection of a drive.
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may require oversizing of the VFD for
higher current demands.

* Are starling or stopping Fimes critical?
Someapplicatinns may require guick start-
ing ot energency stopping of the load, In
either case, high currents will be required
of the drive. Again, oversizing of the VED
may be required,

* Are externol motor disconnects requirsd
between the motor and the VFD? Service
disconnects at motor loads are very ofren
used for maintenance purposes. Normally,
temoving a load from a VED while operar-
ing does not pose 4 problem for the VFD.
On theother hand, imroducing aloadroa
VED by closing a motor disconnect while
the VFD is operationaf can be fawl 1o the
YFD. When a motor is started at full volt-
age, as would happen in this case, high
currents ave generared, usually aboat six
tirnes the full foad amps of the motor cur-
vent, The VFD would ser these high cur-
rents as being well beyosd ws capabitities
and would go into a protective tip or fail
altogether. A simple sohatinn for this con-
dision i to interfock the VFD roun permis-
sivecircuit with the service disconnects via
an auxliary contact at the sevvice discon-

nect. When the disconnectis cosed, a per-
missive run signal vestarts the VED at low
voltage and frequency.

* Are there power factor correction ca-
pacitors being swiiched or existing on the
infanded motor loads? Switching of power
factor capacitors usually gencrates power
disturbances in the distibution system,
Many VFDs can and will be affected by
this. Isolation transformers or line reac-
rors may be required for these applica-
ttons.

Power factor correction at VED-pow-
eved motor loads is not necessary as the
VD itseif does this by using DC mten‘ally
and then inverting it into an AC owput to
the motor, Al VFD m(mtl/bctnrers wara
agairtst installing capacitors at the VFD
onepiit, .
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Remember, the VK is limited in the
amount of overcurrent ir can produce for
a given period of time. These applications

Application considerations

* Slarting loique Currenty

¢ Runninglorque Cutrents

* Peok loading cunents

* Dutycvele

* load type

* Speed pracision recpuiiad
* Pedformance [respanse]

* line volioges (devicrons}
» Allitucde

* Ambientlemperalue

» Enviiomment

* Matoring/regensreling foad
* Sloppiag tequitements

* toior numeplote dofa

* apuisigrots requited

» Ouipitsigacts required

This information is very belpful uhen
applying drives and should be provided
to the drive vender for verification prior
&0 the selection of a drive.

Understonding Variable Speed Drives - Part 3

may require oversizing of the VFD for
higher current demands.

* Are starfing or stopping imes crifical?
Someapplicatinns may requive quick start-
ing o emexgency sopping of the Joad, In
either case, high currents will be required
of the drive. Again, oversizing of the VED
may be required,

* Are exfernal motor disconnechs required
between the motor and the VFD? Service
discontiects at motor loads are very often
used for maineenance purposes, Normally,
removing 2 load froma VED while operar-
ing does not pose a problem for the VFD.
On the other hand, fntroducingaloadtos
VED by closing a motor disconnect while
the VED is operational can be facal to the
VFD, When a motor Is stacted at full volt-
age, as would happen in this case, high
currents ave generared, nsually about six
citnes the full load amps of the motor car
rent. The VFD would sev these high cur-
rents as being well beyond ws capabilities
and would go into a protective trip or fail
aleogether. A simple sohation for this con-
dition s to interlock the VFL) run permis-
sive circuit with the service disconnects via
an auxliary contact at the seevice discon-

nect, When the disconnectis closed, a per-
missive run signal vestarts the VFD at low
voltage and frequency.

*+ Are there power factor correction oo-
pacitars being swikched or existing on the
intended motor loads? Switching of power
factor capacitors usually generates poser
disturbances in the distvibution syscem,
Many VFDs can and will be affecred by
this. lsolation transformers or line reac-
rars may be required for these applica-
rions,

Power factor correction at VED-paw-
ered motor loads is not necessary as the
VFD itseif does this by using DCinternally
and then inverting it into an AC output fo
the inotor, All VFD manufacturers warn
against installing capacitors ar the VED
oHpht. »
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