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I"Urn& 1 d . .. plns Ie = deleo ~ ~e optL .. ~ " " ~ I\I'. 

"" 1<:1"1 I npro~e ( .... n$ l ~nt P'lrr'H"~I\C<1 are aMlln.d. . 
n..: re'lIl ts of d il l!.1 eoepute , , l lOU l al lon 
per f orna llC e I ne t~~\nE l h. .ffecl. o. '.' II • • \ lon 
IIahun . l al 151. 

o f l~" Ir . nlt . ni 
~n Freo"fttod DY 

H:><o."u . lhOlu .. re" Ic.... S Fub l l th.d "or~c h~". not dl sclIs sed. ,)0" 
t n."sl onl Fedor .... " " • • ~.l y~l. o f t he In"ole: I".-r _d. Pt!SH "I\ .. n t.h.I: "Ol e r I" 
~\lbJecte<l to a Iarto e.H,ur blnc • . 

11\, obj ect of ,hi . p..IJW r I s t .. uudy ti,. In""lont pc r fo .... anc. o f 
lIl. Inv,rur-fed I'HSI1 u' l"4I d."P\"1 alld s'lnCr.r .. n l~ I<\II to rq~es tecllnl q~l . 

J, """pt.. hOI! ., ( tnnl l e nt pcr{o .... ~c. """n I t.. "o lo r 15 opoora ttd ,,1111 a "cr 
.. It"" .. , I ,w orter I. p re .. n ' ..... The eff-<, lo 0 1 f r-qu.ftcy ~ a rlaO"n em Ih. 
:>010 . I'c d orunco Ind rnpo,,~ •• r. t l \uu'.:ed and til, opt I."" ralli. of 
ope n l l nl f req UeMIII are dL,cuslle<i 

2 HCiOClllIG Of MOTOR [Q(lAT IOt4S 
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~hcre ~ Is the torque ~n8le whIch 15 given ~$ 

J .. w l 1.1 t , 

3. "OOttINC Of TORQUr COMPOUENTS 

E.3 

o.vl~~io"s I n .1v.:~r-i.:31 Lorqua ~L ~ny ( .. . Q\,I\)ncy o f "OLO .. 11\0\.10('1. 
can b. d.comP'O • ..cI InLO ~\010 .:ompcnenl~; (1) ", syne "'roni :Z l nQ cOlllponen~ 
In ph~.o wl~h \h. rOLor dlspl • .: e menL ~nd ( 1 1 ) ~ d~rnpl nQ .:ompone nL In 
ph •• • W~Lh lho rC Leor "P"-.;I . A nu ... rl c al ", I.Qor (~ h" La II\OCI •• boLt'> 
dalllpl l'lQ ~nd "ynehroI'l1':[ ~ flQ! torques i s pro::.n l ea { !:I I. Syr\ch r onl::1ng 
LarQu.s b&s~ o n a ll ",. do ...... ~o ",o 31 r.:, ls of nonJ l n~ar r .s: pon~ • . 
Fol l o wing ......... 10 loa.d c t> .. n go . l. he -.;: " a " I .: .. 1 _quloLIOn c;.n b<it 
....... 11.l.,. all ; . , , T ., ~T ; ; J , (tal 

Th~ a bove t o .. que componen t s c;.n be 
coeffi cien t Koa nd t he synchron l~l n& 

repre.ent.~ by t he 
torque coerr lcienl t 

S 

cbJllplr.S tor-que 
There(ore 

AT ( tl .. J( • du l t ) - l< • 66 ( t) " , , HZl 

f o r a s t .l ble Jler manen l fta gne t III O( Or , the torque ccaporient cocffl c l en ts Ko 
a nd K mus t be I'o silive. The predicti on o{ thes e cDe rrlelen!, provideS" 
qua nt a l ive a$ses s~e n t o f tr ans Ient pe r fornance under dif fe rent oper&tlng 
condIti ons . Fo r the pur pOSe of eo.putlng these coe f fi cients, thc er r or 
be tw~en the 4 ct u~1 lo rq~o de~~4 t l on o~ that ob t ai ned b y su .. lng ~olh the 
damp i ng a nd sync hr o n t ~l ng co mponen t s can be defi ned In the tl ac do.aln 
{ r om Eq. (J2l3S [7. 8 ) 

Eft) • [AT (t) , • K MIt) )] 
• 

OJ} 

The Su~&tton or errors sqvared Over a perIod of t ime t c an be ~rltten as 
(nllous 

, , 
tIE U )I-

, 
.t [6T1\ 1t 11 - f "0 ,,",",(t ) ~ 

, 
"s CuS( 1 ) H 

'"Ihe re t . N. T (N Is t he nUMber of Iterations and 
tnt"v:!.l ). Hint ",lza l ton of t he sU""'''lton o f ~ r rors 
Le~ds t o the (o l l o~lng al gorl th~ 

T I s the 
squared., 

, , 
" . [ • T [t). 66ftl c K r [Mltll

l 
K [ (;.., (1 1 ~6 (t l , • 

" , , 
[ li. T" [ t ). lIlJ I1J • K • £ [6 ... ( t I1

2 
K 
• [ C<.I ( t J. M ( t I 

( 14) 

(IS) 

([ 6 ) 
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~.- I 

b - C2E I nlt) r 
.. 4. C. ,., s in n C ( 1t/6 ) .. (KlIl3t:1) .. fJ } -

s i n n ((1'1/6) + ( KII/ Jalil l 
, for 1'1.1,3,5, 

E.6 

Th~ p . u. ya lues of har .. onlc con te nlS of the ou tput voit ;asC' 
lIayefor lis f o r rpu • 1.0, 2111 - 2 a re shoJ.m i n Titb-}e- 11) . Tabl e (2) 
I l lus trat es the va lues of h~ r~onlr. conlont ~ of the yoltase \I~Y cfo rbS for 
r pt.l =0 . 75 and at different va l ues of number of pul ses per half-cyc l e 
(2.,"'2. 4. 6, a) . 

Fro" these t~ble9 It l s noticed tha t as t he nu~ber or pulsC's per 
ha l f -Cycle ll'lc r easu the r atio of ttl e harllon l cs to t he {undaltleT'lta.1 
approa:hes the va lue (or an equ lvelent square \.lave, l. e. for the firth 
harmonlc I t app r oaches one -( I(th for the ha r~onl c COn len ! wavefo r~~ at 
r~" I . O . When rpl.! Is Incr eased, Ihe (u ndallenta l cOIf,ponen t Is increa sed , 
un l le the na r~n t c contenls arQ decreased, ~ue t o decr.as lng or tur n o(! 
period , 

5. TRANSIENT P(RfORKANCr 

This s ectlon Is concerned "Ith the prediction <"lod ;.nal ys l s of the 
' tr ans l ent ~r! orlPliince o( PMSH "11th a.nd withou t vol t age -frequency control 
",he n t he f!IOlOr Is !l\lbJected to '" lal"se d !sturtHlnce. 

The object of th!s comp& ~ allve for~ o( study 1, to define tne i nf luence 
of Inv e r ter on the motor lranslent pertt) rllancc . The p . u, values ,' of 
tM parame te r s o( tne motor and It s data arc g~ven i n tt)~ a ppendIx wit h 
the I r base quan ti ties, The lIaveror", o f t he ti ne-l!w arl ant o f lo ad angle, 
spe ed and elect rica l t orque are prese nled. The pe rformance is c arried out 
(or l lio ope r at lne condlli o ns, no - load and f ull-load II1th rpw,,1.0 and 
0 , 75, IIhlch h.ye been proved t o be the " as: effIc Ient and s Yl tab l e 
y.luat.: . 

S, I , '11me R.espon£e 

Th<i perll&nVnl magn.l synchr onous mol.or I S opera l.ed al no -l oad 
;"1\0 full load c o."\dl l1 oM .... It h and .... I ,hout l nvoIrrl er (r;:><o>-1 . 0 and 0 , 76, 
Z",-2,) 11.1. I \,S nocu 1'\11. 1 synchrotlcu~ SptlQQ, Th. ,u' f ,i.:' 1. 0 1' ... 1::11'<;;:" lO:l!.d 
dlsturl:l ..... c. on Ieild In91.,. rot.or s peed, moler I.or-que and "lip 
rltspol'\lIi<iS aro dg.lQrm.il'\<!'(I ilnd d l=;u:s;sed, 

5 , 1..1. Load Angle Characteristics 

rie , (2a , b} shows t!'le In"d ""Sl. re"polls ..... he" t l'l e .. olor operate:: ;l~ 

no- load and (ull load .... Uh an(l wi thout Inverte r al rpw-I . O and 0.75. ihe 
r ecpotlre a l~o~ t give s sl .. i lar conclug lo"~ and p l"ovide3 well d~mped ~nd 

mlnltllul;! se ttl!ns till'e . It ' may a Lso be observed tha.t conpared \ltth t he 
'.1S" <;Ir wllhout Inver ler ror rpu'" I , O t tle Ste ady state value Is c.ecreased, 
but ro r rp<-! _a.75 the st eady !Otate value !5 Inc r ea sed . I t Is clear that 
eithe r a t no-load or full- lo ld, the load ansie f or rjXol-1.0 I s smaller 
t han or w\th01.: t Inverte r l!Ie;)nln& t ha t a t l he sallie load a ns le ~ the lTI o t ll r 
could give ~re output to rque a nd Increa se the pouer 11~ll. 
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The lo."d anaie -3 11p c har;,.clt'rl=stlcs when the l!Iotor operates a t 
load torque y1t h atld without Invert er are shown In .f"la. {J) . When 
.. OIOr uses ;)n inverter .... lth r pw"I . O. the load angle response has 
l~proved ana .Ini~lze the rlnal or steady sl~te load ani l e, while 
rpY -0.75, the load angle val ues h~ s been Inere~ sed I( compared with 
ease of Yl~hout tnverter . If the number of l oad ;).nel., - .Up cyc le" 
decreaSed . thls /'leans well d;)rIIped and stable operallon as shown In 
ease rp"'::>l .O. 

5.1.2 Starting Char acteristics 

E.8 

(ull 
'he 

been 

'0' 
the 

" the 

Flg. Col) ;1"' .... lho slar \l n9 t:p.ed-Urn. r .... ponsot J<.l f ull load wit.h 
and '-'It.hout. In'''eorler at. rpw-l. O and O . ~. It. I s: sho,-,,, 1..1'1"," I.. h~ 1"1\0,"01' 
r"'aCh~o I lS Sl~;1ody-slat.e .. ~ fo r ... 11.. 1'10 .. 11.. and ..... 1.1'> e;1oS~ (In ..... rl.r 
rpw-l . 0 f a ster, wh.l. for r~O.75 . lhe ~1..~dy-... ~t.~ value r.ach~ in 
.. 10000Q .. r li~). F'or rpw-: . O U ... ln~la bill lY r"'91<')n Qlves '" l.arge yalu. 
oC sp~ . bUl for .~0.75 gl .... e~ osc~llalory r.;lon. Th.~e resul t. s 
she ... "''' impr ovo of Speed per f o .. ",.:>.nc ..... l ~ h lhe l ,.,,.,.,rler ;1. 1' :. r. o rpwal. O 
"' . r.t. ~he cas. ~~Lhoul 1nv ... l ... . 

5.1 . 3 Torqu e Response 

The comparlson of ~l~lrlcal lorqu. rO$pon s • .:I. L full load l Or-quo 
... ll..h and ... jl..tlQul.. lnvert.r :ILl rpwa l . O and 0.75 ar e 1:no .... ,., in f" ig.( 3) . 
f'or mot.or cs:o.r:l.I.. .. ,. ..... It"l Inver l .. " :), 1.. .. pow-I . O l n~ lr:>. n1l: 1,,-Ol s:oe .. ~ Od rlas 
bQ<en reduco-d and the 5e~tling tl .... LS dec r .,:>.Sed .1.( c,:,"p",,....a ... it-h tha.l 
o C "'ilhaul InverlPr . F'or Tpw.O.?~ . t.h. seltll ng li ~e na.t: nol ~.n 
,. .. ac ned .and lha o SC11 1al l.Ol"\ con t I nued . Th ... a-I·Or ..- t.h~ mo t- or ru:-r.& 
oJosynchronous ly .... 11..h l"'T<}'" pu l.s all nQ t~qu~s ella ~o l r. .. l"'rgol yaluoI $ of 
h oJor"""n.c con~en,- rrolft our poI nt. of v~ v ..... 

F'lg. (6) s howlIi the tlectrlcal t o r que-sap cha r3 cte rlsti C$ o ( the 
PHSH at no -l oad. When lhe Dlo t o r ope rat e~ through Inve rte r {or r~"'I. O. 

the electrlcal lorque-sll p cycles hllve been reduced, .... hlle fo r rp..!..o 75 . 
which Is the worst node o( operation, the c y c le s are Jnc r e ase(! I( cOllipared 
with the case of Yllhou l InVe r t e r . 

fig . PI show s t he electrica l to rque-slip c hara c t er l stlcs ..,hen the 
IIO l or o pe r a tes; at (1111 l oad torqu e loll th llnd loll thout Inverte r . The nutltbe r 
of e l ect ri ca l torque-slip cycles I s Increa sed (or fu ll load to rque I( 
compared With the case o f no-load torqul!. The f irst electrical 
torque-sllp cycl e simulates t he s table ope r a.tlon at 10l..lar value", o( ,;:l i p . 
For rpu ~ O. 7S lhe Inslabtllly occurs In the notor pe rfOfmanc<: . To reduce 
osci·thtory . tbe lOld t orque l'Iusl be reduced . Generally , the In(luence of 
us lns Inverter 1.Ilth rpw . 1.0 not only contco ili ng the SPeed. but a lso 
I~prove lhe transient pe r fo r mance and Increase the slabil it y limit of Ihe 
l:'Iotor ..... h l ch In (ac t prove the validity o( us i ng the se l ected ~nve rt e r 

u l th t hIs type or IIct o r .. 

6 . Ef rECT Of rnEQU£NCY VARIATION ON TRAHS I £HT ClWUCTEnlSTl C5 

I n the 
the r igh t 
contro lling 

pre .... l ous sections it has been pr oved tha t the s e lection' of 
type of I nvoerte r I lIIpro .... e t he trans; t "'n t perfor lll:) nee .... hlle 
the "Olor speed . ThiS sec t ion concern "l l h t he Sl udy of mo tor 
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tranSient perfor:nance dur ing dlf{erenl rang:e of speed control by varying 
th.e llne frequency . !n order to ~alntaln approx!Qa t ely constant flux 
densit y, ttle une VOltage sllDl.I14 ).lso be vu· tcd Cllrectly '>11th the supply 
[requerlcy. Th5 lIIaK!"" ..... lorque the n r en aln" ve .. y ne"rly constant, "hlle 
(or Increas i ng t~e freq ue ncy over optimum range decreases the available 
torque due to "eduction of alr-ga. p flux. 

'IIl1en I. he per ..... nenl. ",,,,,,,not I. $ynenronou:s nlOl.or o~r 3.~.~ OLI. to .... 
t .. equ~n~y,Lhe ~ n~~.bl11Ly probl .~ h ~~ ~,,~ .. .. ~c . Incroas<ng ~upply 
volt.aO"- and frequ .. nc:y Incr ... a"9 bolh moLar d OL"p> nQ OLnd s ~a.O l l1I.y a .. .. 
reserved . The sLar lJ.nQ pe rfOl""II'>a ,"c " >s . mprovQ<l ... lh tr1" uS e o f 
volLage-frequency "on ~ rol . 

Th.e ~CreeL of frequ _nc y Va .. i ", Llen on " p ..... a-Llm ... r ... spon:se .... h. n I.h.e 
mol.or .s lO uo J ect.ed I.e h:>. I 1' -l o ad a.nd 1'ul1 - 1 0 3.<..1 .orqu .. 3. r .. s ·no ....... in 
~lg . Ca) . ~os ~ eurve~ are obLa lne d .... h.n LI"\9 moL o t IS op.r~l.wd from 11'1 
invert. ... r ..... th rp",- 1 . 0 ~nd .a t Con!:1..ant. vatue of V/F" ral.lo. I t is 
noticed ~ !"I .al.. for l"cr,;jasi ng I. !"I., f " . quer:;c y ... no ~p~ St.ady 51.. .. L. 
v .. 1<.10 O" "l,I r:;: in cm..ail ti", .., .2.'" "''''0,-,,", ... t 7 !5 :t.nu 100 HZ. F"o .. 10 .... 
frequ .. nc:y t!"le 0;:c I1121.l.lons. cccur r .d '1.'5 " hO "-'l"l a ~ zo:; Hz.. Th. opLi mum 
Iowa:<" r a " " _ 0 '" (r oque,.,cy i:.-: obL ..... n.d al. 35 HZ .... , t h S Labl >! oper :"L . o n 
... hen ~ ...... oraLo,. operaL*c "' .. h ... 1C-l o ... d t o"qu . .... hl1 ... [ 0 .. Cull lo" d 
torque thc 01':<:.11at iol"\ lS i"cr ~ased and t he 5 .. LI.1 i,,',) ~i",,, o"cur!' o ..... r 
One SQCOf"\d . 
It lS .. iso "hown I. haL , w"en .... holt '\CI~o r op.r a. ... . :: ... ~ 2 '3 HZ th':II $ . /lIu1 ,,"L O$ 
I.ne un.::tab l e operal.ion due to t he lac k of s ync: "ronls~. To .. educ. Lna 
os<:ill"'LJn9 in Lh. speed r .sponse at t OI.l frec; u ency. the lo .. d t C) rq u" 
must oe r Od<..1c .. d .. Th. ~:<.o",u .. value Of t h .. O\>~lmum r",no .. o r f r_Clo.:eney 
c"" bo {n" .. . a c od ov ... 85 H2 . ~h .. " the mo t or oper.:.ld .. aL s t artlnQ or a ... 
t.,-a,'.s,e,.. .. di sturbance . 

The .. ,'tee L or rroquc-ncy ... .2. rlD.L10n "n • .I .CL .. , " .. I t.or que r .... pon" .. 
",he" Ln ... i nv .. rL .. r ted f'MSM op..-r al"$ a l. h~.I( -lo"'<:I ~or q"e ~ s S~,OW'l"l i n 
~iO.(Q) . IL .Is: f\OLe-d t. h a l. . for t. no& ",cd ... o t op ..... .:.t. oo ::].t 2'S HZ t ho 
mo\.Of" hall: "O~ r . ... c h.-.:! ~ ,., ... £L .. ady "L3.Lo o~ ... r3L • ..,n r:oeanl ng Lh ... L Lhe 
"",,1.01" I S; OSCllla Lory a. nd ~ OLaL US :ksync l\rono uly. Fo r 35 HZ mod", of 
opoorat.ion ~hot se LL!l ,..<;; \'.m8 1 $ smal l and l.. h<l tOO t or op.or ~t. es In S Lab l .. 
mod ... Th .. r ~s"lL" conclUde Ll'I a l. ""n @n Lh Oi' '- requenc y rano;l'" l(\Cr .... "_ "'
r ... CLer r Q"l'pon .... ;" occurred. ar.d Lt ... . L .. a"sl"n L p"' r l' or ~ne'" IS ' !IIprovecl 
a~ sho"",,, in Lh a c:as,..s o f 75 HZ ar.d 100 HZ. 

Flg . ri O ) sho...,s tho! efrect of f nquenc y varia t i on on "leC:l r l.cal 
lorql.lc rc::po(\~C when. the Inve rte r-fad PMSH operat,n a~ ( u ll load to r que . 
It sho>Js tha.t , at 25 Hz the tlJl!.! respons e Is ullst able and the Jloto r 
ope rates oul o f a synchroni sm as Induction .. ala r d ue to the s tar ting 
cilge. At 3$ Hz lhe motor reach s teady- s t a te operation .... Ith 8 targe 
s e tnlng li llie . It I s al so not ed that, when the motor oper;:"' c,":l.t 7S :lnd 
!OO Hz, \1. n a s a f .ste .. r esponse tn reach t he s teady-state value 
operation . It has been concluded t hat , (or t he moL or at low [r eque,\cy the 

l oad torque mus t be reduce d tn order to reach lhe ste ady-slate opera t ion. 

"/. CONCLUS ION 

" cOlllpar \son of th~ t r a ns lenl per (orlll.1nCe or the permanelll hI.1gnet 
synchro nous ,.olor ul th aorJ ~lth<lut !r.ve rte r using damping and 
~ynchron l 2.1na: torq ues technique has been prc .. ent cd . The results Include 
~h~ 100d il ngl ~ , speed a nd elect rtcal l orques r e s )X:nses . 
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F. M. ,.,Mel·Kader . H. E. Eltleeb - Ibrahim A. Ami" E.t2 

The c'oa racterl"les o f l oad orog l t ;.nd to rque "~rSUi Sli p I,.:r" 
l "vest IZ& led " I the no ... IM I vO l l ase ;and r r equeney. 110 10r ope r ations (rOIl 
;a varlabla-"oltag •. "3rnbl <l-f re'1uency. and lh. Il(rect, o f rrequency on 
IIOOtor transl.nt perfor:unce ,;e re pre" ... nted. . 

Tor "o ll 'lg.- frql:tIlC Y control . I h .. ha .... :) .. l c cgn~.n t .. ay he dec n anl:! 
1:)' ' .. cre a s I1l8 Uu n_~r of pu l~e5 p .. r ha l(- <;)'<;I .. . To ob';l. l n & ... 1< 1 11.111 

r " ndallcntQI ce""ponent tha ra l a l l'" pul"'e- ... ld t ~. { r".. , <>uo::t boo I nereaYed. 
"' .... n II •• . '1o te r opera t e , ' hro"sh Inv .. rter It t .. 'O pu U .. s per h.l(- eyel li ond 
r~. 7$. Ihh. lIOde o f operotl on ,1 .. u h .U,. t he .. orst nodo of o;>" r . l\ol\. 

H Is fou"d t hat. Jncr .. n l nt tl1r "oHate I tld f r"qU 'IICY I nc r ea,e 
bot., ~o tor dl~l nt and " 1 ~~ llll y r .. ior" .. . 
1I0"'.".r. trln$ ~ e r\t perf or .arle e at 1_ ( f "'Gu. ney i r. c rca u Ih" notOf 
I n5t.b ' l l ~y ~nd CluC" pu l rr:.t l on torque • . To o~.r c:" ... thtrr: Drob!c", a t 10" 
frcquc:ncy tll~ J .... 1f ",,,S I b. reduc. d a.t 1_ (Tc,!""n"y wlt.1I th. Sloe ratc . 
Tne op t!_ rangc oC [rc:qucn<;y ro r lranrr: t~r.t ope r~tlon e.n tw Incr e .. s.d 
IlOrc l han 85 Hz. 
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