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1) Torque ripple
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1) Multiple reference frame (MRF)
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1) Phase advance angle (PAA)


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

Olp) (5590 dpis [ IYAD b ¥ o,led 14 5490

VO¥
. " Sy gyl 7
< [, e T | ’
= 0 =~ ™ Sy T ol oy \ BLDC
L\ S
< i 2 O»‘r
= il
S 4ol il
< R [ TR R
= Usa lsp iop = (i + 2y )3
- Ingl q;i,,:J'(u,,,—Ri,,)m — I =Tl
el ) |
= < 2z\de, 7 de, ¥
E i l
Z N
= U = Wie Ll
= 0 Wi: Vsp‘l-.:i.(n
0.13 0.135 0.14 0.145 0.15 ‘
time (Sec)

Wil glagl o g y9lnds Ol (&)

BLDC 5750 yobuiS pailivns J 58 g, 01,515 Ssby (A1)

3893 0 olya Calad goi 51 glulS pallime J S (W9, 4 BLDC 9590 J 58 (5 JSS

3693 ol ulan UBLDC L9390 (51,2 DTC by, Siuzims Jgox (1 Jgoa

UTewMe
(m) NG +) -3
(45 ¥e-¥Y-) ) V, (001001) V5 (000110)
(pY-—24)Y V3 (011000) V (100100)
(4 2=V04) Y V, (010010) V, (100001)
(429 V0-7V-) F V5 (000110) V, (001001)
(5 YVe=YV-) O Vs (100100) V3 (011000)
(42, YYo-YY-) & V, (100001) V, (010010)

8Ly 3 3¢ sole e J S Gligy 4w BLDC 55 g0 J s

Lol 09 g0 428)5 )5 &, PMSM g ldll s gt 4,355 L AC (gl ygige (gl el (g J 58 (o)

b )gge Elgil plo (gly b Canl osd s y5lidS lipd JBhios bl g o p Seolnd yula gy (il jliee slo S5
oS el SWo b sbaygise (sl Jsliie (6300 J55ST (B9 meltine (656551 Ll g 485 )15 4y 35 BLDC il
90 loaddge Lol Sigeyl s Jglite (g5l S8 55 1) )05 ol 4y (gllae gl BLDC yilis pusgipes o


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

ATAIN IVAD 5l ¥ oo lond VA 0,83/ oyl ! (55551 i

e SbSge)le BLDC j5ige cwginm é 45 oot Uy Jdd 4 &5 (J)90 ) Wsd o0 Sy yglinl b2 @
DAL ggomen @2lye (S0 2 535 o0 sldlan Mo JB j5lisS by Slml o & B9 o jluy 55 by VU
2 3929e Sigayle ae b cuslite Cspur b S5 o) alaiz dQ (59093 (slaoliws 5IBLDC jgige JyuS (sl
IS abgre el g Sliatss ol o )3 ol slivey 45 S (oo 03litl (jg590 j6 &5 mens 5
Joleo Jlae cslajielly 4 il 9 0392 (595 aosjlay diajls g Cunl (VL (Sluwle @ Gl> B9, cnl 35
O 3 Pl (STl b ]y (ugivus pod o o Uy b dgalye 53 (65l S8 gy St plg o0 sl 5550
St 39 e 03sali (60 Sy b b 4Bl Sgutg (sl Sy 45 g cnl 29e5 gy sl gmpe ol
725 ©osme d pleSie |y gy ol el D]l 00 48 SIS 4y ((gugisms ) Jlosl e PMSM (glagige

il dsolime B 55 dg oK jd ;5 lg abasly 5l Jlossl e BLDC [gige 55 (glalasd jgliS 3405 aMs

3r_. . .
TemX(’Om :E[edlds +eq|qs+e0|Os] (F)

€ 98¢ iy (glalad ydlie s (g Mol &S ol slajly 45 PMSM (glajgig0 45 a5 ol
ol Sigayln Jolis oS e 5Ly 48 Jlon) e PMSM (clajgige ) Lol cdiiuan b pdlie > cas puo

St Sllwg gl g 0350 ol €g 9 €9 polio

oy Lol Copo pj 4l o pgilil (eal Qi b g gl atels Joho b jlaidjge jgliss skl (ol
)5 155 )3 sho il s pgtisl Gl O ddlge a2 se ke (il (cbyinl (gloygige )3 )L S5 oges (i
fos hgo adlge 3980 Jol> 008 dingy @I o jlius @2y ke dive o puo I SVL ot po sl 9 255
s Olasz a2 pe shde Wl yao plyy 0dld (g0 o)l JLal L g 25 slocSigajle (g (e i ) 33
5o awlowe) € 9 8a polde (bl g (S puo Pl Jyus’ (293) joluiS g po jlade Sl o2latul b 398 o5 alas]
Wl o Cand 4 ) Sy 4 () &S ymens slasldy S s

= 20, 1
= —x

gs

* €, .»
Tem__dlds (V)
3 e, €,

- uual g 9 89 ity (loj b yuite (slaadge muditune (13903 319 b Johie (g)ldp S g, caly 5

Jade gl il «nll oy 3 g cull )b cod &S PMSM (slajgige (55035 JpiS™ gy S5 1055

1) Pesudo vector control (PVC)


http://necjournals.ir/article-1-900-fa.html

Olp) (5590 dpis [ IYAD b ¥ o,led 14 5490 \O§

i [A]

a

iy [A]

i [A]

c

T, IN.m]

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

(oY) U s o Lis 1y BLDC jg5ge didbaguns (55005 J5iS mimews 1,510 Ssb (Call-Y) IS5 .08 o yuuss
Copmnd pgliS Lo e g0 U5 1) 4Bl Sgue ()l S5 bg) 4 BLDC )gige a5 e (giludnnd b
ool Bl (g ey RIS (o peded by S (G BLDC jgige JyuS Sl g (o 9 U slapsdy
el yglitS lps Pl b Cspr (213 (JpS 5 B 15 ) o (03] g Camd (srpe 503 ol (b2 el
Wile Cmdge (3.5 (lo Sl odlitl 4y Jls () cnl cus S oo Calia |y Ol o)lgen jliaw o gy cul

el Jlo gl Cusbge S dur sl 13950

P{PanN
10 N
0.13 0.135 0.14 0.145 0.15
YN S i
,mJ Nt SN N
0.13 0.135 0.14 0.145 0.15
* AN TN\
10—’ Moe”
0.13 0.135 0.14 0.145 0.15
13[ - - - [
16 .
14}
¥l |
0.13 0.135 0.14 0.145 0.15
time (Sec)
;L Gl 2 5 HluiS Ol i (<) W39t (53132 J S (g, o153 Sk ()

WBldgne (5,155 J S (N9, 4 BLDC 9590 J S (V S
BLDC 5390 y9 59lulS Gl

o] 53 0008 155 5ok Lol 3l U ygige ol s Camas (lelanSa b5 (slas 5 BLDC 5550 4531 o pole
dlogl cel Moe BLDC jgig0 (295 5litS )5 (lpd 3925 ol (it lpd ) PMSM &, s 5550
o)k 9 29> Ol glidS lawgie jluie &5 (5956 4 358 00 YU slacs ju )3 39 I Cudgicne 9 (185 9 e
oailis g5l as)le o5 [0] s ylilS Sy (ol it aw b (G5 5k & lygige cul oo (20N 55590
gl (uilSgail sg g o> 4 BLDC j5550 )3 .02 (galiseS 5 5555, siste pu3lSe)) o5l sl
MolS' & p5i0 iy 4SSl (sl 4 gl Ly 92,65 b plosl Sl ©pg0 2 L (y (0y5mmbeS) b bl
(setolisog ySU gl cdonsts )3 iy 0 93 (2l plie 4 (2lod Cygo & g 3L L olyen bl i (npe
2 35S Gl bml e (nFedes GgmliseS | (23U )sliS (lys [IY] o5 mlss (o b olyem ons adgs
ool 039 s g5 ol ialS sliwly 45 0uds pls] wlidss (el § cul BLDC 4550

sk OlsS (o ) IS e (Ahb s gealigeS Sl (23U HgltS Lo ialS il iy,


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

Vay IVAD 5l ¥ oo lond VA 0,83/ oyl ! (55551 i

I8 (V) (gl (Soigorl slaoadlge JyuS (V) gl waditane J3S (V) 3905 (ol 3 aiwd Jloz 53 (JS
L olyon g Joads 4 V=¥ (ise 13 5ol il J)mS" (Bg) -0l caslie (2385 (F) 5 by (il 44
2 9 355 o3l O (5909 o> ol sl ¢ Siigerlo sloadlge S (39 3 3,5 ol siloand @l
ol Sy el Ligd o oS S0sS b s 5 U8 dg cilies claelSins 13 )50 ol claSisele ¢
L = (5L80Rm agl) J S g it (ol jgige (slajially oS 2 g 0392 YU (Sluslons w2 (gl 4w
e gy 2l 4SSl & s b S o Ml pgrligeS Jos gitinl (il gl 51 30 58,80 S (g3l
IS gy dedise wblay ol & dny S 10 @8 e )18 edlisel 350 EuB ol 4nl )3 5 YL slace s
L $oLsS by cilises galye ol (ygalineS” Jos o sl 63,00 9 03k sla sl J o ol alie
~03g05 (g @21y (B Wl S ooy H9liiS lps Bl Ban b GgralineS ojl (b Wajl b (2SS sl
2P d3 58 90 Sloy LBy (S)lus o g 0390 (oS 5le (omalineS Jos 53 3,505 ,0 gladgy s I
doe > 83 ol gl e GlyS e Lagdgw 3os 0)93 canlio J3uS b il LSy 1) Ggealiges
5 5 sl ) S slasi 3 00 L) (sl Jooly gl [0] ol halST]) jokisS (lps g 03,8 il ]y pgmliseS
95 by il cuwlagigw (550l (sl ealatnl )90 Lulyy (Shomn (izzed 5 45 e 3 ooliul 3)50 (>
J ol el a8 e 5 55550 slajiehl @ dtnly 4l &S s oo Lagudgu 3Sos 0)93 sl (oo dall, S 4
Ol et J 58 il ookl )05 (g5l wp 00d S5 (sla gy (b g Ll oamy Lailgy 4 4 (6)Sed ool
Uiy cpl Bas 0aly s (=0) UK ) 5 dbgype (gilwdnd bt ¢ 10,8 Bl V- isy 3 gy () ol a3l

Caol by S 50 J8lis 5l oolaw] 4 siojls Jos 5o

culh ol g5 awals juBLDC 4550 J yiis

By b il ] 4Bl ialidl 55 iS5 gdpylS > ol sble opsly s 4 BLDC (glagige I eslatel

4l (g 0jle )3 )L Ctbl bl (B b pud (o9 jlad (piST5 (o )8 53 osliial 3)90 5590 S
25590 IS slaig) [¥] 0l andly (rpmsg b Gl 4ol o Silke @ g odg 1) p5ige (ool cs pus (VL
Sl Ngde a5 ) & 35 Jos ) 5 0ad LS a5 (195w 5 W DC (slaygise sl coli ol 4l
Sy g (R9ame 4 dagi b aygige cnl elad ) &8 ol aljl glabiod jobo 4y b Heige yglidS s s Lol 38
Joob (i) sl plyr O addge (I33IL L5 ials PMSM jgise j> all 095 0 03l (ialS” 5550 L5 5350
92 40 ey Sl G sl G S b cuslize SUIGE sl ygige Elgil (olos )3 )L (LS jlade 39 0
slon 5 035 (slatijed BLDC y5590 )5 byr slagoe JSi 5 0dss Ll 290 Chai s y990 )3 (ool sy il

2 jials 1y )l ol s PMSM g Sl claygig0


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

Olp) (5590 dpis [ IYAD b ¥ o,led 14 5490 OA

5 olil ol lg 4l ,d 48 g ol ol ey 5l 5YL 4 BLDC j9i90 cas po y8ilosy (gl los Jool,

(odle b 3 el yoge ysliiS Gl Glon b9y cul (bl ol sl (PAA) (58 g ausly S8 g,
o a3 ol &S pmer s 5Ly oS 395 Jlosl (g dogiye B )3 Gl o35 )b sl @i Su ployd
o ydbols jly HoiS oS (V) daly illas 9 Jlosl 5395 (o5 @dgw 4 gloy ST Sl 4l o) 395 (2l
5ol lagse JS6 cusl i gdse ol it 4 ly b Gl il B T Gl 5 48 pmess S
yBLDC j9550 o o pomaiss 5l 5 ol (QHA) IS0 0358 (w0 I3ame BLDC 5350 )3 45 e 5y
Ly 55l L ol 316 by b g e o psiliol (udliSol 1 o6 516 s Lol i go inles Jlods] el o
250 5 pYL slace o ) sl oadd 00l i (o —A) US55 a8 s il oled Hlade 4 ekl Slej <ol
LS s Aoy g sy o0 Bl 2l sl 4 s U L Gl g o Ji il (S gl 51 (SSU 56
o9l Gl 510l S5 8y i g ygletS basite G581l (&7 A) JS2) 390 y5ise Lawsio jsliiS i
s (0, wolj o3lil &) 255 (g)l> Jaomo oyl 3l 5355 by STl oad ooy lis (5-V+) U5 5o &S jolaslon

I b 2al38) bawgio gliS g 0ad gy 395 Ol 5,35

cabolize &5 y7me (glog )i )l (o drgl) e o B9y Rl 3 &S yenid S 4 Cond Gl 900 B
o S e)lsan b e ptalS s aliols )3 LS ool Jodll (e b 4y g 0ud gl 5 459,
msbio (59205 A 2l Bt 4l Mo 11 053 00 y5ig) @i syl I (i ublin G (puiblitnns
PAA iy [¥V] 325l 959, ol clyral odijlo buwgs o duogs polie do y3 o155 uablize b 33,5 Sl
gl slde g Sy (i 383 (oS (eges ) G o Cunl pulul als ul Sl o] (Sole o pule
laysise sl o Jbo 5 095 00 odlitl (giludings g o33 (bt el g 205 dg2g ol b jblie (658 ke
3B a9l (sl ond dlpiiny  Mdos alaly wis [YV] cunl e o e b canlize lids Jls jzalS ( wgiw 8C
Lryof] 5l as)le

0,= tan™t (anml_]

60 R
O :tanl(KZgRJ ®)
e


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

ATARN IVAD 5l ¥ oo lond VA 0,83/ oyl ! (55551 i

— =)

Jlsag! s -l

i { . - : >t
B — = Ogetay + —* Ogelay
6,= edeln)'
S8 wgl; J S Q:’B) Sl esliwl -2 YU gl pw 43 9 (A8lg I
BLDC )53’5-0 )U UQP 9 45)9!.0 .w,l.:), (/\ ‘JSM}
BLDC 55 90 jSuun (903 s

1590 ol S el 45l ] PMSM 5 il (glaygise 4 camas BLDC eloygise (sblio 5 503 S0
Il 3l g S dus 5l oolizal b alaii (25 ) el IS (Sl ol S Sy 50 ol (25 cytdls Lo
S Cpmse (o S b dy Capd oy oo S5 4 5 )1 (652 Cansd )R ol a2 ST i (e LB
25550 J313 55 il lo S o Cuily da s S5l 4 il Ll el (g oslis Jlis Lo nlss) )59 sl
o3 g 10k jgise 008 Sa b g (S e I Ss cpl 315 1)1 8 459, ol (sbyial @ pgloe 50
2l 4 LS Gige 3 9008 sS sgige some 4 9Sl pli ol Sue &S Jlo 5339 ped 00 g paaSiie
sy g Cobgo (glo) S | oolitil (] 09Me abl i )ig0 395 (2,5l 4 (G5l g Mt yrod g (g LB
SlSe Glilasyl g2 9 Vb (slod coglhacl Japes bl W9 oo oS oo )bl (Saomy 5 aije Hllidl cel,
2 Loges a8 Jla 3l coabye sla)Kus aisd JSiio S0 s Al o0 umBse (glo S Sl 4 d25 L
e 9 598 Pluo Ligd o lad )l 3, Kl a5 Ve 5l 5V slod )3 Mas 859, 0 )54 BLDC (¢la 5540
31 oolitl b ol o Caw b S )3 lad 95 jgo )3 ol guses 3,S0es § a8 e lisabl culbls 3 YL g
3 mdn > 9 [Y0] 25 )8 aime g 3)50 BLDC (slaygige sl cunse ;S g S8 sl by,
[Y8] 8595 0,5l ygige (JyuS' (bg) b olyed gaime jlhe &)yg0 4 o ib,

9 sladiss mitue 515 BLDC 550 (slale (b2 g 45 ymoris 5y (g zge S5 s &
Lgl.m”}'}o dl)-.‘ &S 199y waﬁyo u*’“ L;Lmui‘)” ol 1V .l LRV SO )ly;'sa uaL\a_‘B L;Lm)ﬁjl.é )’l odléziw! 9 )9


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

Olp) (5590 dpis [ IYAD b ¥ o,led 14 5490 \S-

15590 33 Cusdge (p059 sla by (bl winlgss 3,8 BLDC jgige (sl cigh oo 4i3)S IS wgiow 435 L
LYA] 5905 (o pnnds o3 (ool dwd a4 )5 0 1, BLDC

[YA o s My liznys cslosigy =
[¥a] jgbiol jLs g (uliS gl oy 31 onlisl =¥

[YAX -] IS slocsyons jl oslazl -
IS oy, Ll BLDC (sloygige plas sl ol o052 Jlosl B 5 Jsl s (sl sbgy (Sols S 4
5 sdme alwd ol slahg (i cnl 3 &S Wload (Sl & mens Uy lisy BLDC (laygige S (5
Loy 9 e WST I Shg S5 5 (Byme 4 Lail g, sl 3590 )3 9 Wigdi oo 03 gudgs ol o0
Py Sigeyl il oalil [IVIV] b Jle 3 Wy (55031l ) sl a5 055l (iliseo el o o Wy (slse
5 [¥0] Lojlb &8 joeons 5Wg 51 (6,68 ISl [¥F] logeiser JoSo slodges ol 55031l Y] &8 omans 5L
a5l Gy Lo e Wy oSojlil e3gd slagig) ol 51 [VF] & oens iy j) (olio @l 5l onlizel

ol 485 )1, g5 390

395 y9590 Sy BLDC 5550 .caul yige (5illoly (S (9 J58 slasby il oslil )3 03 oo Al

Byl jlicl yo5sy adsl cabse (1391 polae piline cuslio jgliiS dbml 5 j5ige Canyd gilulely 5 Cunss sl
O 451> 5559y Ayl CBge iy 4y 5L g 0350 jlalol g3 5 CusBge S (o J5US slagby) S0
ROl (3l 88 (oo s (B8 4 2lgp Alols (LS ) 59y (9,5 L &S ol )gige 3 558y gl Cundse
155 gl Casabsn (yrads A5yl g5 Ll Alols LuiliSsly s o8 BLDC (gliygigo 5o Lol [¥] cul
Sl ol slio Jooly S (g slasbyy (665,156 plin 3 BLDC (sige (gilailel; 1o s il Sl
() (el )3 29 ploxl pslae adgl Cumdse cnl Sl ygise (silulel) s g 48)S )15 oud Aty Cusdge 4 3 5559,
S 3 9> e S ol Sl Gy 205 e )8 polne Jolos il Sy )3 4959, il olssda 516 53 S o6 L
S5 4 S50 ol ploj S g jlue 395 00 Sl Caslie (S8 L g gl (slajls gline S o L i
S gy Jlesl Gl (JBls sy 6y 9 4B)S QLS 393 (il g STl 4 b Klg 959, 4 Cunl
25 o Jlosl S (g J SS9 0ad 0350058 CusBigo (gla JiSow ) oalatnl b s deo S 9
S 3 9959 a3y (V) VF] col ads o dws Jolis 5 arils pb 5L adls g, BLDC 590 (sjlasloly (2,
S gy Jlesl g (BBl s g (s (F) 9 uslio (iS5 L y5i5e slajld Jlgie <525 (V) cpslae capndso
Jo=> s999e (b Sy 16 298 QL] (w4 b @ ye by e )59, adgl (e Al )3 Sus e
b )3 )lgd e (LS 3 9 5559y (B3 Pl > gl Jlesl plej ©e 335 (55 ole ol dais


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

\t4 IVAD 5l ¥ oo lond VA 0,83/ oyl ! (55551 i

23 pLSin > aS el o b adls (gsluloly gy Lol Ggee 5l (S e Ol wyb 1L oS ols
asd VAl e id g s ol e ol L le S e al &S W oy wSe Caa )3 gy Cul (S 98,
wlie )LSal) sl dls Slome j5 (uSe S > S 2 j2 b lie cpl (G )8 4 3 STl (S sl

D94 0l ]

BLDC ,gigs 4s 20 Al g g lewonbsy

&3k JIBlecus ob iny il o] S5 50 Csps BLDC )50 ol g cdd 0)Lal U3 &5 jglaslan

23550 48 o gjlusodly Slogile itis (giluodly LB (Solo 4 o] S8 sloasly oo g 20 5l S sy
19590 4 e (silwedly (sl Lsdyge lidlcsus il 0 DC jg5ge a8 e wlogile jI Liw s> BLDC
WM ) 3)lse Jols BLDC

(DSP L )5 9,800) ojla @

(34e S o) gl s @

(b pig sloyby) Sl ool @50 3) SUg R @

(Power MOSFET L IGBT) zigw sjle L bogssipw ®

(oLl 3)90 gdgw £95 4 i) Egw y321,> @

(de & 5> cul g obml) 3B 5 o090 s @

zdow sloygply lp dgpl 4365 ple

L AVR sl iS00 5l Laoasijlhy el e BLDC jgige J3u8 slagsig) (Solo & ar g5 b ailisends
oS g Lo ey (> (S Slides gilwesly ¢l LDSP L gy JUiSi Jiomd sloosijlhy
sl doasilsyy (BNl el agycnl Sl aidlon s 1) <ol ol 4l 3 ) 5 5lisS (lps (il slasd,
GBS o 3dlecn S g o3l ol |y 355 il 0d5jlsy, L BLDC ygige 48 oo «slinla Jyuasme b ymo
395 2XXX (6w DSP L (gilwosly cplin cing yruis] (wl355 8y blodly )8 pgas [Lid] 3 1) cwwgidely
e LSl gl [y ASPIC pB L 35 gy (slogSim g S 858 (primo [FVFA] sl 03905 yiie |
5 >l S g 5 S L BLDC ygige jaisee 1558 (sl 4l i AtMel 855 [Y3] cal 0390
[F+] ol o313 plosl 1y IS ol DSP L s Y590 8 55 [¥5] il il
olerr S jloslaial 5 1, BLDC jgige J5is @ ye cnaiz S250 (olyr S il oolitul (ogad )
S S jloslil 5550 cblis g Lisebl Cebil (3L Cap (gt slad)5 sl Lol eiloges ety


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

Olp) (5590 dpis [ IYAD b ¥ o,led 14 5490 \SY

Pl Gl b g3 4 Slgiee (J3US hg) 98 4 e gl laySs Bla 258 o0 dnog Lo (L
4SSl v g 039 (ot (g 0] )3 o Sl Gl sl S Al (eglie b g Sl Sl g9 5l Slgi o0 b
csla S ol y> iy oo plodl 1) (0508 5 JuSiw Byl (sba o) (1392 142) 0538 5 38 5l (o Gome Yol
4 Lo bsS el by gwYopl jl o bl bwgs odd (5050l JuSiw 1L Lol 03¢ ceosd 5] b oglio

g 0313 0153105

ol 5l oslil g 03¢0 jWg ;Kwes 5l odlitul 4 (65l 990 ey JyiS (sl BLDC 5590 Bylaie 48 yxe )

S 9 J)_».S sla g, 31 ool Oyguo pd 4l ! dc S LRSS 5l edblas Che Byo 45).'>u 5
oo Lasgs by 13k Jo 3 5551 Slgicon 35 5y S ool S 3,50 Wy S S JBhis s, g5 4 s
IGBT g5 ;] el BLDC ;5590 45 1oxe 1 43 IS slogedgus 298 (s3lwodly (65l Sllao 5 oglis (slo
0590l Cawl i L3 0l Coud 4 g b aciduwle 1 edlatnl cuasd )l (sl 48 iote jd aS 035y yu8 Cudwle |y
OasoY o3l (el ol ond azd3S | gy Jhaw bl b )5 4 039 L yiwd 1 acdwle ol is slaJgile 5L )
500 e a5 505 00wl 55 cuslio glayaslyd 1l codilhyy loyd sla JUSiw cusdl g < pad Hlae g 0aijly
S e e | imen 9 RSG5l 590l (Vb gdgw dw CuS o) (992 13 po3l ¢ oS e (gilwodly 5
2 oad &l lylie 4y eailes &S 31y 3959 Sl (gl (Sslite (sla Jsoly il o el 8L slagdw slaclS

D9 g0 03> gl | canlye

S yaS dais

P aS Oy (b iy bl ol 9 BLDC (laygige cilisee (slodiz (gw)p g (Byme 4 dlie oyl )

9 Lol oy Jiae @0 ali b (mpeded by S5 (o) 93 ogige Co o S sl 4By nygige
dgete S0y JS gy Lol it (o3l S bg) (ool o 3 0, 8es st hl> 4L dgue 5y S8
ColS S g ajpisd Ol oy S 5l ool s 53wl (3:83 CusBge slayRs (6051 Siojls bl
i8S Gl B sl gl (ol dijanS’ o oo (pB9) (ISewSS S gy S S (Sl ol 3
S S0yt g y5590 Conud L dunlio )3 (odlddass Slgdl 13l cuosd 4 a5 b 48 Wlons sy BLDC 4590
Elosl 503 plaad j xS b sl ogige JolS Cudyls 5l (g)lo oy (gl g byl 9 > (sl ) Sy S
S dw (30l HLD e jgige (il 3 S gy S slayby) Sl elatl 3550 53 5 5 Coe )l L 5 o0
P39y b9y | odlitsl Lol ddly azdlas (golatdl a8 po ity S (y98 slby) b o)l Jlo 3l cunbye


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

VY IVAD 5l ¥ oo lond VA 0,83/ oyl ! (55551 i

ol (s3lonly 5 azdls (5508 Slulre 6 i & Sl (g ks 4y bas Jlso 3 5y (65031l (sliso s (sl it
23biS by (RalS Grzmen 9 Vb slacs o 13 )59 45 (sl 55 53l gly S8 Uy il Jodls oa
Sl )l 392y dise ol )3 i JIS Sl Sy o0 Sl 4 g 0391 By, Slie S50 (Sl hg) CASe o s
5 oals AC S (i wlaii b g mpeded Gl S8 ) il edliel (i o5 L BLDC jgige (slaas e
ol S 93 Jhis (05500 g 5Lsaw 2 ola wlal Vb bwgie claplys gl Ll conl adya )9

.C«.w‘ 6)5)‘0

Ca_tm

Sy sLb w5 (S0 sl ygige )3 (G5l Spae sl ause (il el (lnl G5l g o lesle [V]
AYYA o ys

[2] Hanselman, D.C., (2006) Brushless Permanent-Magnet Motor Design, Magna Physics
Publishing.

[3] Krishnan, R., (2002) Permanent-Magnet Synchronous and Brushless DC Motor Drives, John-
Willey Press.

[4] Motorola  Semiconductor, (2000) [Sensorless Brushless dc Motor Using the
MC68HC908MR32 Embedded Motion Control Development Systeml[,] Application Note
AN1858.

[5] Jahns, T.M., and Soong W.L., [Bulsating Torque Minimization Techniques for Permanent
Magnet AC Motor Drives---A Reviewll]EEE Trans. on Industrial Electronics, Vol. 43, No. 2,
pp. 321-330, 1996.

[6] Halvaei Niasar, A., Moghbelli, H., and Vahedi, A., (2005) [Modeling and Simulation Methods
for Brushless DC Motor DrivesL1Proc. of International Conf. on Modeling, Simulation and
Applied Optimization (ICMSAO), UAE, pp.05-163/05-176.

[7] Grenier, D., and Dessaint, L.A., (1995) [A Park-like Transformation for the Study and the
Control of a Non-Sinusoidal Brushless DC Motorl1JEEE Industrial Electronics, Control, and
Instrumentation Conf. (IECON), pp. 837-843.

[8] Lei, H., and Toliyat, H.A., (2003) (BLDC motor full speed range operation including the flux-
weakening region[ 1IEEE Industry Applications Conf., vol. 1, pp. 618-624.

[9] Lee, B.K., Fahimi, B., and Ehsani, M., (2001), m)ynamic Modeling of Brushless DC Motor
Drives[IProc. of the European Conference on Power Electronics and Applications (EPE).

[10]Lee, B.K., Kim, T.H., and Ehsani, M. [On the feasibility of four-switch three-phase BLDC
motor drives for low cost commercial applications: topology and control[]JEEE Trans. on
Power Electronics, Vol. 18, No. 1, pp. 164-172, 2003.


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

Olp) (5590 dpis [ IYAD b ¥ o,led 14 5490 \SE

[11]Krishnan, R., and Lee, Sh., [BM Brushless DC Motor Drive With A New Power-converter
TopologyllIEEE Trans. on Industry Applications, Vol. 33, No. 4, pp. 973-982, 1997.

[12]E Gopalarathnam, T., and Toliyat, H.A., [A new topology for unipolar brushless dc motor
drive with high power factorl1JEEE Trans. on Power Electronics, Vol. 18, No. 6, pp. 1397-
1404, 2003.

[13]Lee, B.S., and Krishnan, R., (1999) [A variable voltage converter topology for permanent-
magnet brushless dc motor drives using buck-boostl],Proc. of the IEEE International
Symposium on Industrial Electronics (ISIE), pp.689-694.

[14] Carlson, R., Mazenc, M.L., and Dos, J.C., [Analysis of torque ripple due to phase
commutation in brushless DC machinesL1JEEE Trans. on Industry Applications, Vol. 28, No.
3, pp. 632-638, 1992.

[15] ABB Technical Note, (2007), Motor Control with DTC, TD1 EN Rev. B.

[16]Ozturk, S.B., and Toliyat, H.A. [Direct Torque and Indirect Flux Control of Brushless DC
Motor[_J|IEEE/ASME Trans. on Mechatronics, Vol. 16, No. 2, pp. 351-360, 2011.

[17]] Heidari, R., Markadeh, G.A., and Abazari, S., (2011), [Direct Torque and Indirect Flux
Control of Brushless DC Motor with Non-sinusoidal Back-EMF without position sensor[],
Proc. of the 19th Iranian Conf. on Electrical Engineering (ICEE), pp. 1-5.

[18] Oliveira, A.A., Monteiro, A., Aguiar, M.L., and Gonzaga, D.P., (2005) [Extended DQ
Transformation for Vectorial Control Applications of Non-sinusoidal Permanent Magnet
Synchronous Machines[1|EEE Power Electronics Specialists Conference, pp. 1807-1812.

[19]Bonvin, F., and Perriard, Y., (2000) [BLDC motor control in multiple dq axes - Power
Electronics and Variable Speed Drives[,] IEE International Conference on Power Electronics
and Variable Speed Drives, pp. 500-505.

[20] Miller, J.M., (2003) [Bower electronics in hybrid electric vehicle applications,]IEEE Applied
Power Electronics Conference and Exposition (APEC), pp. 23-29.

[21]Park, S.I., Kim, T.S., Ahn, S.C., and Hyun, D.S., (2003) [An improved current control method
for torque improvement of high-speed BLDC motor[],IEEE Applied Power Electronics
Conference and Exposition, Vol. 1, pp. 294-299.

[22] Zhu, Z.Q., Shen, J.X., and Howe, D., (2006) [Blux-Weakening Characteristics of
Trapezoidal Back-EMF Machines in Brushless DC and AC ModesL],IEEE International
Power Electronics and Motion Control Conf. (IPEMC), Vol. 2, pp.1-5.

[23]Gu, B.G., Park, J.S., Choi, J.H., Rhyu, S.H., and Jung, 1.S., (2010) m)ptimal Lead Angle
Calculation for Brushless DC Motor[_l1JEEE International Power Electronics Conf., pp. 1416-
1420.

[24] Safi, S.K. Acarnley, P.P., and Jack, A.G., [Analysis and simulation of the high-speed torque
performance of brushless DC motor drivesL1JEE Proceedings of Electric Power Applications,
Vol. 142, pp. 191 © 200, 1995.

[25] Acarnley, P.P., and Watson, J.F., [Review of position-sensorless operation of brushless
permanent-magnet machinesLJIEEE Trans. on Industrial Electronics, Vol. 53, No. 2, pp. 352-
362, 2006.


http://necjournals.ir/article-1-900-fa.html

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

\FO IVAD 5l ¥ oo lond VA 0,83/ oyl ! (55551 i

[26] Semiconductor Components Industries (2004), MC33035, NCV33035 Brushless DC Motor
Controller, Publication order number: MC33035/D, Rev. 7., http://onsemi.com.

[27] Kim, T., Lee, HW., and Ehsani, M., [(Bosition sensorless brushless DC motor/generator
drives: review and future trendsLIIET Electric Power Applications, Vol. 4, No. 2, pp. 557-564,
2007.

[28]Jang, G.H., Park, J.H., and Chang, J.H., [(Position Detection and Start-up Algorithm of a Rotor
in a Sensorless BLDC Motor Utilizing Inductance Variation]|EE Proceedings of Electric
Power Applications, Vol. 149, No.2, pp. 137-142, 2002.

[29] Park, J.Y., and Lieu, D.K., [Position Detection of Brushless DC Motor Using Inductance
Bridge System[_]JEEE Trans. on Magnetics, Vol. 39, No. 5, pp. 3310-3312, 2003.

[30] Terzic, B., and Jadric, M., Ei)esign and Implementation of the Extended Kalman Filter for the
Speed and Rotor Position Estimation of Brushless DC Motor ”, IEEE Trans. on Industrial
Electronics, Vol. 48, No. 6, pp. 1065 ° 1073, 2001.

[31] Chen, C.H., and Cheng, M.Y., LA New Cost Effective Sensorless Commutation Method for
Brushless DC Motors Without Phase Shift Circuit and Neutral Voltagel ] IEEE Trans. on
Power Electronics, Vol. 22, No. 2, pp. 644-653, 2007.

[32]Halvaei Niasar, A., Vahedi, A., and Moghbelli, H., [Sensorless Control of Four-Switch,
Brushless DC Motor Drive without Phase Shifterl ] JEEE Trans. on Power Electronics, Vol.
23, No. 6, pp. 3079-3087, 2008.

[33] Shen, J.X., Zhu Z.Q., and Howe, D., (2006) [Bractical Issues in Sensorless Control of PM
Brushless Machines Using Third-Harmonic Back-EMFL],Proc. of the IEEE International
Power Electronics and Motion Control Conference (IPEMC), Vol. 2, pp. 1-5.

[34] Ogasawara, S., and Akagi, H., “An Approach to Position Sensorless Drive for Brushless DC
Motors”, IEEE Trans. on Industry Applications, Vol. 27, No. 5, pp. 928 ° 933, 2001.

[35] Becerra, R.C., Jahns, T.H., and Ehsani, M. (1991) [Four-Quadrant Sensorless Brushless ECM
DrivelL]IEEE Applied Power Electronics Conference (APEC), pp. 202-209.

[36] Krishnan, R., and Ghosh, R. (1989) [Starting algorithm and Performance of a PM DC
Brushless Motor Drive System with no Position Sensorl_]JEEE Power Electronics Specialists
Conference (PESC), pp. 815-821.

[37] Texas Instruments, (1997) Llmplementation of a Speed Controlled Brushless DC Drive Using
TMS320F240L I Literature Number: BPRA0G4.

[38] Texas Instruments, (1997) [lmplementation of a Sensorless Speed Controlled Brushless DC
drive using TMS320F2400 ] Literature Number: BPRAQ72.

[39] Microchip, (2003) [Brushless DC Motor FundamentalsL]Application Note AN885.

[40]Motorola  Semiconductor, (2000) [Sensorless Brushless dc Motor Using the
MC68HC908MR32 Embedded Motion Control Development System[] Application Note
AN1858.


http://necjournals.ir/article-1-900-fa.html

Olp) (5590 dpis [ IYAD b ¥ o,led 14 5490 \$§

Downloaded from necjournals.ir at 12:20 +0430 on Tuesday April 18th 2017

Silwdemd )3 83likul 5,50 BLDC 45990 (gl il by (Y Jgor
JIRER salsl JRER eyl
Pn= 2.5 [KW] b ol [} = 1500 [rpm] b oy
Tioad = 15 [N.m] ob ygleiS Z=12 g olass
Ve = 300 [V] J5ledS ol Ke = 0.15[V/rad/sec] 3Wg ol
Ls = 0.8 [mH] $39> pilSenl | M=0.4 [mH] Do uiliS gl
R=0.2 []] 56 Caoglia



http://necjournals.ir/article-1-900-fa.html

