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Understanding Variable 
Speed Drives -Part 3 
/\ thorough understanding of how to match 
the VFD to the driven load is the key to o 
successful application. 

S~Jomon S. Ttirke/ is Senior ln.str;ctor ~ 
mid Course Author for ATMS (Ad-
1111nud Teclmofogies ,'1111rkct111g and hen applied prop-
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er y, r e vana e fre-

quency drive (VFD) is the most effective motor controller in the 

industry today .. Modern VfDs are affordable and re.liable, have flex­

ibility of control, and offersignificantelecrrical energy savings tlu·ough 
greatly reduced cb:tric bills. 

They ;mused in a wide variety of appli. 
(;ation, for various reasons. For example, 
they are the mosr effective energy savers in 
pump and fan applications; rhey enhance 
proces; o~ration~, particularly where flow 
control is involved. VFDs provide soft-stn rt 
capabilities, which decrease electrical 
,tresses and line vohagc sag~ assor.:iarcd 
with foll vol rage motor start--ups, especiaHr 
when driving high-inertia loads. 

To obtain a cbr undt'rstanding of the 
propu .1nd most effrcrive application <if 
VFD!, you first should gain a working 
knowledge ofVFD basic theory as well as 
;.i strnng fomiliari1y with pra<:tical kn,.,w­
how. 

lla~ic VFO 1heory 
Applting ~ VFD to a specific applicotion is 
no mystery when you understand the re­
quirements of the load. Simply put, the 
VFD rnusr have ,nnple current capability 
for th~ motor so tha r rhe motor can pro­
duce the required torque fonhe load. You 
1mm remember that machine torque is in· 
dt'pe1111e11t of moror speed and that load 
horn:power increases linearly wich rpm. 

VFD applications can be diYidc:d into 
the following individual load t)'pes. 

Con$lant torque loads. The~ loads rep­
resent 9()% of all general indusrdal ma­
chines (other than pumps and fans), Ex­
amplts of these load types include gc:r1eral 
mad1inery, hoists, conveyors, µrinting 
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presses, positive displ~c.emem pllmps, 
some mixers and extrnders, reciprocating 
,.0111pressors, as well a~ rntary compres­
oors. 

Conslanthorsepower loads. Thes~ loads 
arc must ofwn found in the nwchine·tool 
industrr nnd center driven winder appli­
cations. Examples of conmmthorsepower 
loads indudc w,ndi.'rs, core-driven reds, 
wheel grinders, large drilier machines, 
lathes, plant>rs, boring machines, ,1nd core 
cxtntders. 

Tr.iditicmally, these loads were consid­
credDCdriveappli'--ationsonl)'. Wirhhigh­
performance Aux wctor VFD's now av,! ii­
abl,\ many DC drive applic,1tions of this 
type can be m)w handled hy VFDs. 

Variable torque loads. Variable torq ne 
lo11dsare mm,toftenfound in variable fl()w 
:1pplkations, such 3S fons and pumps. Ex· 
amples of ,ipplications include fans, cen· 
trifogal !>lowers, centniuga! pumps, pro· 
pcllcr pump$, turbine pumps, agirnrors, 
and axial compressors. VFDs offer the 
greatest opportunity for energ)' savings 
when driving these b,tds because horse­
power varies as the wb<'. of speed ~nd 
torque varies as square of speed for these 
loads. For example, if the motor speed i, 
reduced 20%,, motor horsepower is re­
duced by,1 cubicrelationship(.8X .8 :<,SJ. 
or 5 l % , ,l\s such, ut.ilit it, often offer subsi· 
dies ro customers in\'esting in VFD tech­
nology for their applications. Many VFD 
manufa.:ru, e5 haw: free St)ltware programs 

A VFDdrivesa }.50-hp, 460Vpmnp 
mo/Or, wl1id1 b; being impei:ted !J)' ,1 

tech11idm1 in b,1ckgr01md. in the fore­
ground are se[te"1l 41 MJV 1-r1itic,1/ (>11111{1 

motors. 

avaUahle for customers to calculate and 
document potential energy savings by us· 
ingVFDs. 

Sizing Vf0$ fur lhe lood 
How do you size a VFD dtive for an appli­
cation and fodconfidem ir'~gning. ro \vnrk? 
First, you mn~r undersrnnd the require­
ments of the load. It helps also if you un· 
derstand the difference between horse· 
power and torque. As elenric,11 people, 
we tend to think of loads in horrepower 
ratings instead of torque .rntings. When 
w,is the last time you sized something based 
on torque? Tims, both mrque and horse­
pow~r must be carefully ex:amincd. 

Torque. Torque is an applied for<.ce that 
tends to produce rotation and i., measured 
in lb-ft or lb-in. AH loads have a rorque 
requirement that must be met h)' the mo­
tor. The purpose of the motor is co develop 
enough torque tO meet the requircrnenrs 
of the load, 

Acnrn!ly, torque ,"an be thought of :is 
"OOUMPH". The motor h;is ro d~ve!op 
enough "OOlJMl'H" to get the losd mov· 
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A JOO-hp VFD, which driws the 250-hp 
vertirn! pump motor, is bei11g (hecked by 
the l(Ja/er stalil)fl m,1i11te11,111ce speciali~·t. 
The driw is of PWM design and varies 
m1tp11t freq11e11cy from .l .25 Hz to 60 Hz 
to tfle motor. 

ing and keep k moving under a!! the condi· 
tions th,1t may apply. 

Horsepower. Horsepower (hp) is the 
time rate at which work is being done. 
One hp is the force required to lifr 33,000 
lb.1 frtn 1 miu.Ifyouwm1ttogctthework 
dune in less time, get yourself more horses! 

l krc arc some b~sicequ~tions thar will 
help you \mdemand the relationship be­
tween hp, torque, and speed. 

hp= (Torque X Sp(~edi ! 52SO (eq. 1) 

Torque.,, (hp X 5250}/Speed {eq. 2) 

As an t·x:ample, a 1-h p motor opera ting 
at 1SOO rpm will devtfop 2.92 lb-ft d 
rorqur.. 

Kn<>w yo1.1r load lorq~ requirement~ 
Every load h,ts distinct torque requirements 
that va!'y with the load's operation; these 
torques must be supplied by rhe moror via 
rhe VFD. Yo11 should h,we a dear under­
standir1g oftht-se torques. 

• Sreak-awoy torque: torque requi1·ed 
to &tart a load in motion (typicaHy gre,iter 
than the torque require<l 10 mnintain mo· 
tklll}, 

• Accelerating torque: mrque required 
to bring rhe load to opcmt ing speed within 
a given rim~. 

• Running !Qrqw: tvrque re4uired to 
keep the load moving ,it a!l speeds. 

• Peale torque: oc,:nsional peak mrque 
required by the lo~d, ~ud1 as a lo,1d bdng 
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dropped on a ..:onveyor. 
• Holding torque: torque required by 

the motor when operntingas a hrake,sucb 
as down hill loads :md high inerria ma­
chines. 

PrQtlicol knowhow guidelines 
The following guiddirn:s will help ensure 
~ correer mlltch of VH) and moto;, 

i. Define the 0Nimti11g profile of the 
lo,1d ro whidJ the VFD iJ to he applied. 
Include tiny or ,111 of the "torques" di5-
ct1ssed above. Using a recnrding true rms 
ammeter w record the motor's current 
Ji-aw under all operating wnditions will 
hdp iu dolng rhis. Obtain the- high,~st 
"peak" ,~urrent re.idings under the worst 
conditions. Also, sec if the motor has been 
working in an overloaded condition by 
checking ,he moror full-load amps (Fl./\). 
An ove1foacled mvtor operating ,lt r.c· 
d u..:ed speeds Ill.I)' not survive the inc reared 
temperatures as a result of the mfoced 
cooling effects of the motor ar these lower 
speeds. 

2. DNermine wl,y the lottd opeMtiorr 
needs tob1tcha11ged. Vtry often VFDshave 
been applied to applications wher, all th,it 
was required was ~ "soft ~tan" reduced 
voltage w11trollcr. The need for the VFD 
should be based on rhe ability to change 
the lo.id's speed as required. ln those ap· 
plicarions where only one sped change t~ 
required, a VFD may not be nel-cssar)' or 
pmctkal. 

3. She the \!FD to the motor based on 
the 11111xi111u111 <:urrtcnt requircme111s un­
der pc,rk lorq11e dMw1d;. Do ,mt si:te the 
VFD b;,sed on horsepower ratings, .Many 
applic~tions have foiled because of this. 
Remernber,rhemaximt1mdemandsplaced 
on the motor by the load rnusr also be met 
bytheVFD. 

4. Ei•,rlSJute the. positiility <'( requi!'cd 
i.Wershiug of the. VFD. fie aware thJt mo­
tor perforrmmce {break-awa)' mrque, for 
cx,unple) is based upon the ,.ipabilii)· of 
the VFD u~ed and the amount of ntn-cnt ir 
can prodnce. Dependinp. on the type of 
load and duty cycle expf'l·ted, oVt~rsizing 
of rhe VFD lll,1)' be required. 

Ke_y_V-FO-spe<--il~k-o-!,-o-m---·--·····-­

While there arc many sp,~cificatiOfls asso­
,L~ted with drives, rhe followiug are the 
m<.>:;t important. 

• Coolin1.10U$ run current roting. Tliis is 
th(: maximum nm L'Urrenc the VfD can 
s,,fely handle ,mdet llll operndng condi­
tions at a fixed ambiem 1empernture (usu­
ally 4{~'C). Motor fu!! lond sine wave cur­
rents must be equal m or les~ th,m this 
r.iting . 

... 

• Overload current roting. This is .in in-:: 
vem• time/current rating that is :he malci.: 
mum current the VFD can produce- for a i 
given rime fomie. Typical rntings are 110% ;_ 
tu .150% ovcm1rrcnt for l min, depend- :i 
ing on the manufacturer. Higher ,-:urrent ·, 
rari11g5 can be obrained by m·ersizing the j 
VFD. Thi, rating is very important when ;1 
~izing the VFD for the currents needed by j 
the motor for hreak,away torque. '] 

• Une voltage. As with any moror con- ·; 
trollcr, an operating voltage must be speci­
fied. VFDs are designed ((!operate at some 
nomi11nl voltage such as 240VAC or 
480VAC, with ,in aHowabl~volrage v~ria­
tion of p!ns or rninus 10%, Mo~r mornr 
s:tarterswillopemrebcyondthis 10% varia­
tion, bot VFDs will not and will go into a 
protective trip. A recorded vo!rngc re~d­
ing of line power deviatirn15 is highly rec­
ommended for each application. 

Applicolions to wok:h out fot 
If you answc:t any of the fo!lowiiig ques· 
tions with YES, be ex-rra careful in vour 
VFD seleetion and setup paranwtt·rs ~f the 
VFD. 

• Will the VFO operQftf mClfe thon <>ne 
motor? The total peak curr(':nts of ,11/ mo­
tur lo~ds under worstoperating t:undition~ 
mu~t be cakt1!a ced. The VFD must bt' sized 
based rm this rnall"imum currenr req11ire­
mem. Additicmally, individual momrpro· 
tection must be pro\·ided here for each mo­
tor. 

• Will the load be ~pinning or toa51ing 
when the VFD is ~farted? This is very often 
the case wirh fan applications. When a VFD 
is firsr. srarted, ir begins toopernreat a low 
frequency and volt;Jgeandgradua!ly ramps 
up tu a preset ~pt't'd. If dw load is already 
in motion, ir wilt bf! out of syn< with 1he 
VFD. The VFD will attempt to ptJII 1he 
111<.>WHfown w the lower frequen,:y, whkh 
may require high current levels, usually 
r:rnsing an ,,vt:r,:um:nt trip. Be1:ause of 
this, VFD tnam1faciurers (',frer drives with 
:m oprion forsrnchronirmic,n with,, $pin­
ning load; rhis VFD ramps at a difforem 
frequency. 

• Will the power supply souree be 
5Witched while !he VfD i$ running? This 
o<..:urs in many buildings, such as hospi­
t,lls, whete load, are switched to ~t,mdby 
generators in the cvem of a powtr m1tage. 
Some drives will ride through a hrid power 
ou rage while others may nor. If your appli­
,ation is of this type, it must be revicwe<l 
wirh the drive ma,rnfocrnrer for ,1 final de, 
termination of drive capability. 

• Is lh& lood oonsidered hord to sfort? 
Thest" arc the motori. tfs~t Jim the light-sin 
th~ buildingwhrn you hit the smrt button. 
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Remember, the Vrn is limited in the 
amounl of overcurrent ir can produce for 
a given period of time. These applications 

lic<:i~on considemlion, 
• Stornng !O!qve cwenli 

• Rur.r.irg io,qec cl!!fenls 

• Peoldoading cu11e'11$ 

• Dutytyde 

• loodl)',-"' 
• s.~00 p<eci1ion mq.,,ed 
• Peiform<:ioce (re~p:i,1so) 

• UNe vohoges ide-1:,::1;oci;; 

•A.~il"~ 

• A.mbiem lemp~rolvre 

• E.nvi1'0nmei11 

• Mnlori•~:i regenHroling kicd 
• Slopping requiremenis 

• /J.;J!Qr nufllepluie doio 

• 1:1pu:signd$requ,red 
• Ovlpt;1 s,gnul$ r~lred 

'------------------····-· 
This information is very hclpf11[ wbm 
applying driv11s a11d should be providt.d 
to the drir.1e r1ender for verification prior 
to the selection of a drive. 

Understanding Variable Speed Drives · Port 3 

may require oversizing uf the VFD for 
higher .urrenr demands. 

• Are $!clrfin9 or slopping lime$ (rilical? 
5omeapphcations may require quick start· 
ing or emergency stop ping of the load, Ia 
eicher case, high current;; wlll be required 
of the drive. Again, ovt'rsi1.ing of the VFD 
inay be required. 

•AreextemolmotoTdisconnedHequirad 
between 11,e motor and lhe VfO? Service 
disconnects at motor kmds are very ofren 
used for m,1 intenancc purposes, Norma II y, 
removing a load from a VFD whileop(:rat­
ing does not pose a problem for the VFD. 
On theorher hand, i111rod11ci11g a load t<»1 
VFD by dosing a mi>tor disconnect wbile 
the VFD is operational caii be faml to the 
VFD. When a 1110101" is started at foll volt-
3ge, os would h:ippen in this case, high 
cun~nts are generated, usnatly about six 
tirm.·s th~ full lua,I amp:. of the motor cur-
1-cnt. The VFD would St't: these high Ctir· 

rents~, being well beyond 1($ c,ipahilitie, 
and would go inio ;~ pro1ective trip or fail 
altogether. A simple solution for this ,:on· 
dirion is to interlock th~ Vi'D run pem1is­
sivecircuit with the service disconnect.~ via 
an auxiliary contact at the service d.iscon· 

HID BALLASTS 
ANDLAMPS 

Replacement & Retrofit 

BUY DIRECT ~ND· SAVE!!. 
. /; 

~ ,;( .. 

• HPS-Metal Halide-Mercury 
Kits &Lamps 

• Electronic Fluorascet"lt Ballasts 
• NEMA Head Conversions 
• Exit Sign Retrofits 
• Compact Fluorescents 

Fast Servlce • Great Prices 

nect. When the disconnect is dosed, a per­
missive rnn ~igna{ ,·cw1rt, the VFD at !ow 
voltage and frequency. 

• Are there power factor correction ca­
podton being 1wilched or existing on the 
intended motor loads? Switching of power 
factor c.cipacitors usually generates power 
distu.rbances i.n the distribution system. 
M~ny VFDs can and will he affected l>y 
this. Jsolacion transformers or line reac­
rurs may be t{< .. ,uircd for thcs~ applica­
tions . 

Power focror cmr=inn .it VFD-pmv­
ered mo10r loads is not necessary as the 
VFD itself does this by usingDCinternally 
and t.hen inwrting it into ,m AC output to 
the motor. Al/ VFD 111,11111/acturers wam 
agamst i11str1/li11g c,1p.1<:itors ,11 the VFD 
0111/)llt. 

RI t\ DE 1C°F'E_E DB A C_K ____ _ 
Let us know what yc:iu thinlc about the use· 
folnen of this article. Ple,)SB <:l1de ihe rn11e· 
,,p()lidi,,9 moder circle n~mba on ihe reode! 
,,e~;ice cord 1h01 bes; describr.~ hOvV useful !his 
ortide ii, le you. 

Very u5efuf Somewhat 0$eful Of little use 
310 311 312 

NorthweGt I .igh1;ing Gyetema Company ffi 
TIME MARK CORPORATION 

BDD-234-1146 • 612·544-9348 
11449 t: l'lA~ St., Tulll~. OK 74116 
!'heme: (YU) 438-1220 
SaltSi (~00! 86l-2!17S t\l~: (9H!) 4J7-75S4 

Circle 38 on Reader Service Card 
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Remember, the VFD is limited in the 
mnounr of overcurrent ir c.an produce for 
a given period of time. These ~ ppl ications 

Ap lkotion coosideraliom 
• S1orM910,q~,e cwen11 
• Running i;;xq,m currenls 

• Peokloadingcu11ents 

• [,\Jrycyde 

• looc.llyiJt> 

• Sr.eed proci1ion rt·qui1ed 

• Peiform<:if\Ce (re~p:,,S!>) 

• !Jne ·,otto!:]P.'l ide-,:c1""'1) 

• A:lit0<:I 

• A.mbien! 1emperotvre 

• Environmffl"\I 

• .V,ntoring./regenHrnling load 

l 
• S!opping requirerne<Hs 

• MolQr non,eplo!edo:o 
• l:;pv; sigr:ch requ,red 

• Oulpu1s,gnr,lsreq<.1lred 
·---- ·----

This information is very hclpfuf whm 
applying drives a11d sh@ld be provided 
to the drir.1e ,,e11der for veri(iwtion prior 
to the selection of a drii•e. 
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may rcqoire owr~izing uf the VFD for 
higher .unenr dm1amh. 

• Are slomn9 or stopping limes critical? 
5omeapphcations 111ay reql1irt quick start· 
ing <Jr emergern:y ,topping of the load. In 
eicher case, high current. wlll be req11ired 
oft he drive. Again, oversii.ing of the VFD 
may be required. 

•AroeM!malmotordisconne(1$requirad 
between the motor and lhe VFD? Servic:c 
disconnects at motor loads are very often 
U$ed for ma intcnanct purposes. Normally, 
removing a load from a VFDwhileop(:rnt­
ing docs not pose ~ p!'oblcm for the VFD. 
On the other hand, i111rod11ci11g a load w ,i 
VFD by closing a motor di,connect while 
the VFD i.s operational ca1i be facal m the 
VFD. When a mo1oc is started at foll volt-
3ge, 3S W()uld hJppcn in this case, high 
current~ :11~ gener.ued, u.~nal!y about six 
cimes the full luatl amp~ oi the motor cur· 
1-cnt. The VFD would sa: lhcse high nu­
rents ~, being wr.!I beyond its G1pabilitiei; 
and would go into a pro1ective crip or foil 
altogether. A simple solutiim for this ,'.On· 
dirion i~ to intt>rlock rhe Vi'D run pennis­
sivecircuir with the service disconnect.~ via 
an alD.-iliary contact at the service discon· 

HID BALLASTS 
ANDLAMPS 

Replacement & Retrofit 

BUY DIRECT ,.ND SAVE!! 
.,, Ii 

• HPS-Metal Halide-Mercury 
Kits &Lamps 

• Electronic Fluorescent 8allsete 
• NEMA Head Conversions 
• Exit Sign Retrofits 
• Compact Fluorescents 

Fast Service • Great Prices 

nect. When the disconnect is dosed, a pcr­
mis5ive rnn ~ir,nal rcm1rt, the VFD at low 
voltage and frequency. 

• Are there power factor corraction ai­

po<itgrs being )Wikhed or existing on the 
intended motor loads? Switching of power 
fo,·tor c;ipacitors usually gener;ites power 
cfoturbanccs in the dii,tdburion $fSCcm. 
Many VFDs can ar,d will he affected l>y 
this. Jsoladon transformers or line reac­
rurs m,iy be required for these applica­
tions. 

Power f:u:ror correction at VFD-pmv­
ered mmor loi.!ds is 11oc necessary as the 
VFD itsdf does this b~· using DC internally 
and then inverting it into ,m AC otnput to 
the motor. Ail VFD m1m11(act11rers warn 
agmmt imt11!/i11g c,rpacit<m ,tt the V PD 
Olllpllt. • 

Rt: t\ DE ir··"i,'_E_E DB A C_K ____ _ 

Let us know what you think about the use· 
Fulne5$ of !hi) artide. Pleose <:!rd~ lh~ c:o11e· 
,,;:ionding mock" drdE> ns.>mbor on the moder 
,,ervk.e cord !hot besi descnb~~ hOvY u1eful !his 
orlid'3 is tcyou. 

Very 115eful Somewhat usefol Of little use 
310 311 312 

NDf'thwet,;t Lighl;ing Systems Campany 

BOD-234,1146 • 612-544-9349 ffi 
TlMR MARK CORPORATION 
11440 E. l'lni St~ Tulsa, OK 74116 
111t.,.., cYU) 438,l2W 
Sa!K: (11110) l!<ll,2!175 t\m {918) 437-7584 

Circle 38 on Reader Service Cord 
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Covw Story• New bigh-pr!!.ssure sodi11m 
(HPS) fixtures light the i-olling mill ol 
Birmingf,am Steel i11 Seattle, 'Wash. Pl'ior 
to this i11stallation, tbe plant med 114 
400W1 mercury 11t1por fixtures to fight rbe 
11rea; now 28 HPS (ixtmes do a much 
better job more ewnvmicalfy. For mor,• 
i11formatio,r on HID ligi1t som..csand 
fix/mes, especially for use i11 enw·gf?m:y 
!igliti,rg systems. see page 3 2. 
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