[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

A 5l —pgas 05lad —piiin Jlos =G 50 (g8 Dlidod aasd - sele ale

b liio (Gla S 5 5liiS (g 3lwdingy jo b ol i g olul i 130
S9uzxo 1321 3IUT 51 solaw! b

T-:E:-(_SQL.'—‘QSLC > dgalta ‘\LSQB'?'GH.)W

(3l oDl S5 o8l 35 1o )] 45 Ay ¢ cwiige 5 (8 0ASESlS (508 §y cwdige 09,5« el IS (g gzl -
man.behboodi.eng@iauctb.ac.ir | !

Oyl el 5 ¢ sod! ol3T olKiilse 35 0 oyl o3 a1y (e dign 5 (S8 0aSLLSNS (D ya8 §y swdige 05,5« Loliwl Y
mah.hosseini-aliabadi@iauctb.ac.ir

ANANY o pdy )b

AAIVNY sl s fo s

ol Cle dy (Silo (G S0 1S (il oo 0 jad JULSI gL il 1oz 9 (55900 G152 LSy 2 )0 ToduSS
65 41 i eyl s s 3 oo 5 ) ebo oS e LAEN aiilo sns e g NKEen Lol w39y oo 00liiasl YUy yaliidS IS
(b lizo (S S yuS b 4y L S 15 51 (655090 £95 b o sl b S S 95 (0] 50 (S aiol 5929 9 (5,5 (1€ 9y 4 3L
m oSS b Al 5o Lol Hglids cmablizo (gl sy 31 oolisiw! JSiio outos .30 )5 ( SWilSo (Gl s S (33 350 >

buxo j0 dgazxe 132l g 5l eolaiwl b cwadblro (g G 1S 51 digos SO Ol b arllan (p) 50 a5 wlib o0 (Sl sl

695 5 axdllio (3] 50 A5 ki .Sl 0uis AiB 1Sy b lido (g Sy )5 5gliisS (g jlwaings & Maxwell 41381 s 5 gursgo
Coled 30 Al oo ommblido (WS35 (659iiS )b (59 3 L b T (pir 9 Sl ol ki ;U (w32 Cemsl 00y x| (S a8
B18 1331 1y b liko (L Ky juS ygLiiiS (4195 o0 b yidT o> 9 Slasl 532 ol i b 45 w00 0 (3Lt andllane oy

Sguzmo 5131 ey g bwdints b bl Halih ( cummblito Sy pu8 1 gl Wdo3lg

JUsl 4y aiely Sl o aules Jas piilSe 5 256 Shasl s>
5o g s ] Glojss S 0es, & 5k oG5 S Gsz 35
5 $onyy slecid (Sopd pules 51 86 [Y] lsis lans
) oSS ol (655 5 oS a0 calae ool a5 Y] 255
f-V]ams o 2alS 1) Lo nSo 8 ol duie yoe Jobo g osls i3l
St nl sl (grmlie J ol wiilgi go ouabline Slo oS0 55

oSS calan (255 4 (Sojd (oo pac Jdo 4 a5 [F] st
S oSS ) esliiul JSie ooee Lol aijle adiye |, Sl
"0 S B Sy b anlie ;o (Ll HgliiS publie
Wlir ourblite SlonSeyS i oSlee ol o5 Al wat
smerbline (oS 55 pogie i Sgnte ) Sy S 95 (ol 5l

0

doddo -

by 45 bl so 08 JU piapes gliel 1 Sy b S8
Ly )ge 599 9 (©)a8) ,5lusS (w05 el liis g 590 haus
WS oo bau 0uisS B yane olgds 4y g eols s
i 4l iy ol plool (sl Sl alo S il 4o
oSS 9 Ses bl sl e slajlere Sl (S slesS (JBs
o3l gadg Holiad iSlas cos jlaS [Lae cpl ool (SO
Slosigen aw3 oo s 1) Hgbeas” JUsl )b oo Comdy o>
o 5l ilide slagyb 53,z HsleiS JBs Gl 6l S
YU ool b ogasee Slils il 5 (5508 slaailais JS o9
ot S5 (slaSoS 5 45 bl I whs,S 35,0
e ol igdigo 52550 ,K00Ss b (5518 ailais alausly 4 S e


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

CMG b & Vb 2ojl b bline 15,5 Attallah
Ol I Jol &5 cisls slerin 1) (920 o (gurboliie (55 ,25)
W10 Lyial 5y 99 bags a5 pblide (e GgeaYso bl
I ]l e g oo 0] g
b ombline Sl oSS 5l dged o Bl b addllas cnl 5o
Maxwell 1580 o 5 samgs Jasa 10 dgama glizl o, 5l eolan
o O5ise A3 puebline S S S j5liS il
SlaSeyS 655 » oad pladl Slalllae 5l (glazs b g annie )
S S yS HletS ile a5 Lyel slal b (bl
235 il o dalol 0 g 0ud (gus) p Ogua (sl By 4 (oueblite
Jol 25 i 3150 5 00l ai3loyy 5liS (55, p byial i
IS Gy, p byl iz g ool Sl plojes U )
25,5 o &) pablise sl S5 ,.S

IS (s 3lassinte 33 byl o i 6 -
g;‘“*“L“’“ tSL“u“S‘f)tf

Syl (09 ey ;0 4 azg b el (pmablite 55,5
e Sl g el o el il (glo bl (s 10T (S d
oSl p grblite (WSS 50 09250 labyial slal S5
el "‘*‘9; )‘J‘b‘S Sl 950 MLM u‘&’)j o QT Jeys )5l1—~i‘5
Cot pmbline S5 (gam 90 Gilwand 3l Jols bl
s 33,5 o a1yl Maxwell 1580 o 5 aliwg 4y oo S &l s
e ol 3o )b gl (gl 0,F o0 S8 (s 050 poliiS Ll i
3 S92 ge bl ol slal Ol sy Sl o yign 55 6 slsS Ol s
el 00l quy (9 AT (535 ¢ (smrblite 1S5S

axdllan 850 WSS (Sl Laslg, —¥-)

I3 slabyal b jeome 0o canbline S0 ,S 5l diges sl Sy
Ceomd iy 5l a8 el o ools lad (V) UKo )0 mhaw (g9, 48,5
[\\“] Sl 00 &Sm) L.S‘“JL“"

BT rS)

IS 00

V] 55 50 o (ompboliinn (oSS (V) JSC

A 5l ey ojlod i Jlo =55 )0 (g8 Dlaniod paas - cele alows

Al &L ArmMSrong lawes Y4+) Jlo j0 g G 0,8 SO Lo,
oSS 4 635 (6 ke Caled Al blisn sla S5 5 (4]
S 98 (59, p 45 Wogy (ello (5L el (sl g wils (Sle sla
G S, S L b nS0,5 £o8 ol Soley s o el al8Tas
osliiul slr 4 &S 5 ol & o9 ,gleaS” Jlanil ogos o (Sl
A e ool jslaie cpl sly b yial i aailass

oled G oz Sl « So 5 eled (g polisS” JUil 5l
SWe iS5 (nl g 0l Sy 5l (29,5 5 539 CbD (Sl
oled pas e o Sl ) (ST SE (808, JSie s
Sl Gl (led slopg 0 4z BB als cel (Sop
Jlis 1, 5STas ety o Lbadlal Llie jo cblis o oylicab]
RICUPSRYUPRPRCIN o FPUSS RSP FRYCIIR S N |1 SO V)Y RIS
“>hb g ladoe 5 ol 0ol plonil publine S S5 033l 5
ol 4ot Lol el o 4l Guao ol 4y 6l cilizes slo
oSS (IS b @ ardlor S i sl So Sl b b
JeSis dad ol wlakad g (Jgym 595, «(F9)0 5, shel 22 T
i g Vb Sy LSS @ ool 4 (S 9 (F9y0 55 45 Wgd oo
IN] st e bgrye ol e b

Ol ($95° 5955 0o b aS Cewl (nl 2 o oS 25 (IS el
sl cely g 00,5l Gloo Y )3 Sby> o slacdas | (L36
Mo cnl 3 09l 4 a4z i b ogd oo Y (nl )5 (oblie (o
Al Sz )3 (Glas 5 a5 (oo Cdllie 395 0yl 0925 4 o b
5929 4 SlB b (S )95, 50 0ad el slabad S o0 ol
Cuz 0 Bz ol &5 9Bz g 0ad b Sl Y )3 ol
Glocbd slasi )3 gl 4y dzgi b adlge (Fgy0 95, GB,5 SN
$9° 259y 3 S5 Sarm s, B S 2B s JSb
1y ormsblite oS, 5 S ol Gy (1) U5 [7] el
A0 oo oyl

(5] pmebolisin (uSyeS oelas G 1)) S

srbline Gl oS5 5 5l (sasa Jud (gde £ ams B4l o

Mj@ﬁ).u )535) ‘k.s';ﬁ)‘) )Bjj)wm‘ﬁ‘)ld J[\Y]M 43‘)‘
355 B slo s 4y S (6 5V 003l 45 0345 50 ol e H5 Y90
- oo oolainl S5 Bilas sl laml jo bS8 ol sl
poandeis b 4 OleaS S b pial egias VAA- Jlo o [Flosas
oSS 595 2 G g b L o)ls Yo 2L L e ol
s Howe Y-y Jls jo V] o8 S 1) @odle qmnblins


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html

[ Downloaded from jeps.dezful .iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

259y Somm Eld Toz « x5 )55, (SS9, b Tiz ol )0 a5
Aoboe ()5 59, oV cdad LS Job B3 g 0l 0 ()

DVE] Ll Jdos caga digas (cmnbline (oS08 1Y) JSCi

350 S podo HLb pumblsn wSupS Joo -Y-Y
Cadd
5,5 53 bl o548 i L S i 5
slbal jl pgmpe (LSl o xbhw slobal by a5 sal
S8 slab il oS e ooliiul 5,555, sla sl S5 jo Lot
OhreeS olad Cuzr o (el KU 4 535, 90 0 0 w8 S
38 5 ok slab ol sl 1 53, LSl 0 a5 S0 4y aslasil
sl el el ot oslii olsgS (slalial §1 2 )5 58, 5L
2 ey aslllae 550 pugblie (S5 Ganie 5 (e
ol e 88 jglailan ol 0 o0ls oLt () 5 (F) slo IS5
dbl) g azrg b ()5 g A3 959, 50 09290 (slacdad i slaas
elise Sy 25 S50 & (1)

pr=8 5 p3=26 5 n,=34

D] andlas 550 cubliie (S0 S cwsin sla el b :(F) JS

Y

W ey g olad ~pitd Jlo =32 58 8 Dl saass - cale dloro

S5,

LI )

S 5555, (b slaly sl

=B Py b slal el

95 Nlad )3 9559, 90 G sLAS jo a5 (S 2SIl (slasYes
NI ,5 5 s slabyia] f aopare

995 20 W1 Sy 50 g b i Py sl S 59, S
LS i3z W3 S )0 9 b cax Py gl (21 80,
1Bl aleS 5539, 99 G sSYg8 axkadmy (558
Ny =p; +p3 Q)

Slr 02 Slugly Co e (2L )55, e 93 G aba g
g el ) Ogoe (S ySl slasYsd
M

n P
Wy =2w; — 2 ws
D1 P1

IVE g VY] sl oules (V) alaly jo (V) adal, (6 I3 L

n2 D3

W1 = nz—p3 Wz~ nz—ps3 ©s3 (Y’)
0l551 wsbwg =0 )f‘ e
—_ n2
W = nz—Pa ) ®

4 ysleiS doles 5 oygis, G Oly alaly ol 51 a0 L

g wals> py )90
)
*)

lel + Tzwz + T3(L}3 = 0
T1 + TZ + T3 =0
3 osliiul b Wil so 25 2 Geile SO oz pslaS JKs

295 Gl (V) kil
T
Tq = nrid )
S 059y ELD T g jgige iy Job O (pouSle ,olas T as
= & T, = — np T
w3 =051 - T, s 1 \)
= g — __P3
=05 = T ny—ps I Q)
1Bl mels () 5 (A) akal 5l
T, = _n_2T3 0o
p3

B 9 JB10 5959y 4 b po kulg, Y-V
Eled Tog (31> 5559, Gy gl Typ ST(Y) IS5 a0 azgi b

S 55595 6oV dad (LS Job Bgp 5 all (> 589, (S9m
Sl s &y uly 51 ol eyl g go¥sd b (2 e olSST ety

IV¥]

Wy = 70101 5Ly = Ty — iy 5051 =i on)
il B 5959, Sl Geare

W3 = i3s3 9Lz =153 — i3 3053 =% an


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html

[ Downloaded from jeps.dezful .iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

— 200
= 0

=400

S ol Sl (5 5y 5 - ¥

o] Caand  Sliwl ol zge JS ol (V) SIS0 50
oal ools plad () 5, HoliiS g (JSIs e5g, (Sliwl jslias
B 5, sl YoF sgam (L3 j55g, sl APA 30> ial
(F) IS 50 () dlayly (g )0 uizren ap oo il a0 KB 4

ool ssalie L5
800 —
600} -9
400} --

3—200 -

-600}--
-800

|

g
I
‘9
-3
]
i3
5,
M
/
i
v

g

s

Terque[NewtonMeter]

580

0.50 150 350 5.50 7.50 9.50 11.50  13.50
angle[deg]

(@)  [VY] gy (@) Calises slocond Ssbiwl jgleis () JSi
FEM Jdos 5l Jol> loges

(ol Cand (Sl H3liS e JSS o 4 o(F) S 50
oads ools (yLiS ()5 y5, ysliiS g (LIS 585, (Sl jslias
B (gl S oy 3Sle ke el aseie a5 jsbilen e
B 55y lp s Vo8 dga (A3 4555, (6l APA 2ga> ial
e |y (Sl gLt 50 0gupe o5 wll oo o (3925 PPY 090>
() IS 55 (0) alal) (fw o (izrad a3 o0 LA a2 50 S50 @
el anlice L

Sobyd o gilwand s -¥-Y
D5 meblisn (oS8 & g o (Soaliss H3sS (V) JS5 o

Q.o.méjé.‘;‘.))s:s) ‘gs?)l_&”:{” 61).' uff:bASw‘ 0ds 0ol
Jeb ol 00 1) e b 5 -YAA 9 PA 9 VYV lawgio Jlaae L;‘JJ
4l 3l )lgen Loyl joliaS slo e JS& 098 oo ali>dle oS

el 0] Cawds WS 15 65l

A 5l ey ojlod i Jlo =55 )0 (g8 Dlaniod paas - cele alows

aslllas 3,90 (oSS (G0 e 1(0) S5

2 asdllas 5y50 S5 (b 50 5l 050 (ewoie sla

ol o0 00)5] (\) JB"\"

S 3550 s byl (V) Joo

s>l Slade Folyy
Fo sk Yo rip GJls glads L5 g
paks | eI g alys alols e

S sk AR oz &, gt b oy
ok |10 P
bl T[/()T 053 el o LS

@ slalgial Slase o byal od pwblioe Cgs e
R —Q . .
Ll 00l ool ¢ 9 ¢ Sz 5o Ol O N D)9

yaaT ol yenti i Y

Ol S ey gans 90 lame o Hlaid g0 S0 pS (gilwdnds
S uSLM.» U’“'S")j Jj‘ 41},0 B N PR r:L‘?u‘ Maxwell Sgdone
@ 959y 90 Slle apgly i b ol (Ssliwl jglaS dasuie 4
| B e wS.')..f P9 4.19]41 e 05..»‘50 oo)sT Cawds 6‘4.14 O yg0
2ol (Seelins jgliiS slo aaseine 5 0,15 518 353 Jgare 5,55
as p.:..s‘sn d}y A.t‘i‘sn Cawdo [ w.:.‘a.\.? )lf alags B uLo) 039>
b s hgisy Sy g 4l pbol, Vo S 0 (215 558,
Sl 00 wJa.u d.».oLa » ulJb‘) -£0 ).3‘).3 ) A.Ia.vl) oolaw!


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html

[ Downloaded from jeps.dezful .iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

wolle 2o Sialidlpsliis Gl Saa b alply oS 5 <l
)l Cadgazme g Lo (o e yial3dl o Ll gy aales

ol Cond fad SSGL tel (25 sbal o il
L ggoge nl ogdise ool it bl 4 mie g o0 (2 )5 553,
W) IS8 0 ()15 555, (ol Cod o )ls JBo> mies 4 4z
el (9 55

il SilSe &8 gl el L5l glyial o e il
olyod E5r Caoms p3 (JBIo 535, (ol Cond 1alS b 52 05 o0
@ OlFem 097 o (Sen Mos i 4 Jladie S5 5l g 09 walys
Coond 500 1y 08 e (310 58, 5o 1) el el (Sond cax
D5l Jaie 55 4 4 Wilo i Sip]

Lyral 5o slaip e ymlly el Cavgame 5ol 4 azgi
Exo9e (nl omin b O aleS (See (Six slajlade sl Lt
lojlaie ply byial g0 jo (oye lp Al jlaie & 0d asuie
byl glp s 0 MM LSl byl gly a5 0 walys x> e
Al Y MM >

Lyl wior ot G -

odis &, oage 4 Holins Jlasl aabsy Sl glo oS58 50
0970 5l 5sliiS e (59, p S8, 5 RS L Jlail o a5 wil e
5o oo JEl (g5 jeme & (S (g 955 aie) 59959
ool wils slab ol oage p anby pl (cwbliae Glo WS5 .5
U"‘ Ml)LsA ‘_§‘>)l> 9 ‘519‘0 6'.5)555) ) 9990 L_SLQ;A.IGS ) 03
3 Sl Gl S0 0 25250 Sleodiog > aiile a4y lacdad
S (bl (sl alany 4 5 955 )3 S0 b (a3 JLs
295 Ol wamd oo JUN ) joliS aisS o )y 9 K00S0 2
o 9 il elge 4 oS (oo 9 )1y S0SG 4 lacdald (pl oS
D00 (St ol s ]

15 L ol glgil -F—)
it o5 il (sl Jon 5 gll ot 3] 52
bl e IS des aix ol ailo (slalial sasin laly, ]
Kool sl y2a]
Sl
LS pgn Lol
cles S
Sz & 3,0 (6 2l 5 ls oS Aiged 90 (le cnl
Rgbien oy p P

#4

WA 5l pges ojlod i Jlo =55 )0 (g Dlaniod paas - cele alows

= 247 - S S
& B
=
H 1254 inner
3
Z 004
2 I ——
2 e e
g ===
,E 4254 o ==
2
E 250 —
E‘ e S Rt Ny R TN T AR e P i T2
o 336
0.0 100 400 500

200 Time[ms] 300

obliie ST ilitee laiand Sealiys Hglas (V) JSs

29SS g L bghas & 565 -Y-Y
Gilwands Lol jo 5bid JBs 5 Lo bglas 565 aslol 4o
Sl RS ) J&...x S aS )5.|c ul..o.b ol ool sols uLw.; ol

S 0559, oo 3l (i 5 eud CaeSs o ol Sl st o Lasd
Al 50 g 99 oo ol gloll wijls H)8 plse SIS Coons )0 oS
Ll 093 )l S a5 biand

B[teslal

2. 26000 +280

2. B429:+200

1. 8853£+000
1.7206=+000
1,5715¢:+28@
1. 414t +000
1, 2573=+000
1, 18815 +888
9. 4392 -1
7. 8599e-001
6§ 28785-001
4, 7166e-B@1
3, 1453e-081
1.5741e-081
2, 55639e-0aY4

bl ST il glacand s L JE> (A) JSo

S5y w158 - ¥
2 39290 slabpal iy Coesl cow 4 iluand ol o
o Jits 5 955 warSlo il olad (2 yeeis Il oSS
FoS L oS al paseie byl Jsb cwyp b 28515 (c) 0000
S 55 5l Lo 51 Ul 35 0e o S Loy ol 50,8
Slolsyial Jsb parSlo Jae (3,1 | e Lo ogllan o8 35
5 slalyal Jsb moySle 5 S5 555, jld by 5l
e slp palple aloadisgazme Jop y95s; Job Lawss
Sl Lyl jlade b oo b dllde Baw aS j4lid iSTas pxils
sbyal sy YAE MM 5 S5l sbal gl 0VAMML L,
R T
a2y OS5 cnl 4wl (2B 5 (A1 slabpial (b 3500 5
o JeJs w05 wals5 ol yom j3liiS Lasgio Gal3il b 5se ialiil o5
ENIERC PRENIET Sy NI R PRV RS NEEI AU


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

Torque|Newtonieter|

A5 3550 il sl il 51 Sy s sl oads plos Cead +(F) Jgor

A 5l —pgas 05lad —piiin Jlos =G 50 (g8 Dlidod aasd - sele ale

P slobi 3 Sl S il5 (5L T dun Lo -F-Y

Cond (Sl plsS zoe JS& iy 4 (V) S5 0
odlital by (o) 5599, ysletS 5 (3o 559, (Sl gliS o ial
ol 00 0l yLzs SmCo

XYPlot1

% & N
R

e
=]
|

-2507

600 — T i
5150 2.0 4.0 6.0 8.0 10.0 12.0
Angle[deg]

LFEM bos 5l Jol> il clacuond Sobiol jsliss (1 +) IS
SM-CO ;I soliz

St S ar35la ol aiin (1) S5 51 o ob e

3595 &l 9 VIV sga (Bl y5is) sl « FYY sga il e
Slosel Caws 4y olae anslie ailb oo o 5g FAY 050> > )15
b el oo ooliiwl Ne-Fe-B wils sbyinl 51 o)1 0 a5 (1) S
25 Jeaz 5o Cel oas eslanwl SM-CO 5l 1 0 a5 (V+) o
Nd- w3ls gL ol 5 eolitul b (B) Jgoz Gub ol oo o0ls iules

il Caws g 5YL HoliS @ les 0 FE-B
oS le Holad polde dnnlin :(0) Jyoo

Do) cdls
SmCo NdFeB oo b yal :
VA VA €M3) p> posele 9 (NO-Fe-B) ClaS S slab pial 5l Luiz g0 aslol yo
ll vie g/em3) Js= 125 J3az o s o] Slakie S 353 o eslil (SM-C0) LS
%vyoSm %y y/va-oNd [0] 552 L
%s-Co %s A5 —#¥/aFe oluS 5 L8] 92 o8
% v/oFe %\/\-y1\B [10] Ja 0,90 il slabial cablioe Slastie dulie ((Y) Jgox
% v/6 Cu % /--YIsRe Hc Br BHmax Tc
™ m Br(T) (KA/m) (M | (Kj/m3) ©)
Py R NdFeB YO+-Yeoo V/A-¥ Yoo f-. Yye-f..
YAQ 7 SmCo [ o Ve=VIA V0--YF- Y-
Nm)y > ,=
o5 el S S oo oy ipilo slabial opl cood et Lol s
kN/m3
o ;3 ) Q.3| Caogd )'l ‘SiLKbA.S}o.S ) Jga> o .JM'SLSA Lx.g ok Cocon|
Y/-q i - 1 o]
(USD/Nm) w‘ ol od)5| Lbl.:].&l

o] S5 0550 o510 slab el soims uSis lge Caoud Cancd (V) Jgox

_ ooLo
(PSS 5kS 2 Y5 e )
fvF Co
YYAIYA Nd
YVVAY Sm
£+ A B
-/f4 Fe

_ _ _ &9
23S o 3Sle | jgliiS eS| gliiS ey S . .
. . . wils sl yiel
ST S 5559, ol cwnd
$5¥ Yos ASA
NdFeB
(o o) (o (Fg) (e i)
FAY VFY 7YY
SmCo
(o Fe) (o (Fg) (e i)

S o gy oo plad Caagd (F) 5 (V) gl Sledlbl 4y azgi b
Ogise 95 ol 3l g ol () ooz 50 & il laly il )
0SS 00 pled Caod (o Lol o] 5l Sy B pae e a5 2L 0
oz 5 )z po3 @ OlEes bbb (nl bojls (olhw 4 5T
sr Gl Sn s 5P & seblite (S0 ) (Brae slal sl
25 daler S 50 edile pl giles s Cou a

() JSi o Ne-Fe-B ils syl b g 5lwacs 5l Jol> s
(V) JS 50 SM-CO iy sbyal b (gjluwancss 5 Jool> molis 4
(5o a4 bgspe gloyial il gileand ol ol enls 034!
oz s adliee Wgel ST A bgrpe slayall les
ol 00l Bee 0uls oolazl LgL(bLg,lJb—‘

XYPlot4 cage 'mEnTEEE A

a X
8 8
1 1

(%]

que[NewtonMeter]
a o
? L

Tor:

-500] i b
750 s -

931 ===
-0.50 1.50 3.50 5.50 7.50 9.50 11.50  13.50

angle[deq]
LFEM Jbss 5l Jol> cilisee slaceond Sosbiul jgkees (1) S

Ne-Fe-B 3 ool

AN al Cand gl ,5lisS esiSle (1) S5 4 azgi b
SBbige e Gig FPY ()5 5559, sl s V0P B 55, T


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

[14]

[15]

<o A

Transactions on Industry Applications, Vol. 54, Issue. 2,
March/April 2018.

K. K. Uppalapati, J. Z. Bird, D. Jia, et al. “Performance of
a Magnetic Gear using Ferrite Magnets for Low Speed
Ocean Power Generation”, Energy Convertion Congress
and Exposition (ECCE), pp. 3348-3355, 2012.

C. Mu, K. Chau, L. Wenlong and L. Chunhua, “Cost-
effectiveness Comparison of Coaxial Magnetic Gears with
Different Magnet Materials”, Transactions on Magnetics —
Conferences, 20 June 2013.

409))

Cewl 0ol Wlgie 15,0 (GO9m jouadw
Pl eluils Sileazs (VYFO)
30 Oy —Bp ewdige ol )5 alade
(YA ogl asly oLl ol olSils
9 ‘5.*2»5).: le.ib;,u.!l.'ﬁ el oa)f (&
sl Heble a0 Gl (guieaddle

Sl

u‘).QJ ~.\>|5 u;o)Lw‘ Q‘;“ oKiils u)ﬁ -8y (W0 M)‘GwLw)lS

dlioe 55

Mass (gL e Suwms>  Sgeze
9 olo)lS aladio g0 yo jo 1) 095 alSasl
oLl )0 (B ja8 - 5 (cwiige A sl )5
owdige §555 g VYAY § \YWA+) oS
oolisl b pdgasazs 3l glypeal o 1) 3y
Sl 035 (i iz SopSUl gl

Sl il aie 1o linl (gaiedddle 5 iwgh slacdles . (VYY)

5&9,@[} JL‘> 29 S "’)”W}Q 0)45 LQLQOJAJ«JS &_fi'f&”

Db oo 35 50 ol 9y oDl oljT oKiils ole

Y

A 5l —pgas 05lad —piiin Jlos =G 50 (g8 Dlidod aasd - sele ale

S S Az -0

5 GBI byl By G L w8 o a5 sbles
slrel (2 Gl cal Ll w8 gy Gl 5 jsbes ()=
e 5 o ()5 gy, el Cend Gk 5 Sl el (25
(o slpal (ope Gl L Grizan 05 0o (0] ey gLl 4y
haid gless (59,5 e sl crlnle b oo SRl (Sl &8
OIS i Sz e ]y (2 )5 g S slyal Jsb ol o0
5 () slo S35 () 5 (F) Jshar 5l adlols axss jlosliul b

Nd-Fe- o5ls gLl sl ooliral L aS 048 oo attieo 095 4 (V+)
GVl iS4 g o aS 4l 30 B0 LSM-CO L anslic ;0 B

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

U] PRIV

&y

Matthew, Johnson, Matthew C. Gardner, and Hamid and
A. Toliyat, “Analysis of Axial Field Magnetic Gears with
Albach Arrays”, In IEEE International Electric Machines
& Drives Conference (IEMDC), pp. 108-114 , 2015.

M. Aubertin, A. Tounzi, and Y. L. Menach, “Study of an
Electromagnetic Gearbox Involving Two Permanent
Magnet Synchronous Machines Using 3-D-FEM”, IEEE
Transactions on Magnetics, Vol. 44, No. 11, November
2008.

K. atllah, S. D. Calverly and D. Howe, “Design, Analyesis
and Realisation of a High Performance Magneits Gear”,
IEE Proc-electr. Power Appl, Vol. 151, No. 2, March 2004.
E. Gouda, S. mezani, L. Baghli, and A. Rezzoug,
“Comparative Study between Mechanical and Magnetic
Planetary Gears”, IEEE Transactions on Magnetics,
February 2011.

L. L. Wang, J. X. Shen, P. C. K. Luk, W. Z. Fei, C. F.
Wang, and H. Hao, “Development of a Magnetic-Geared
Permanent-Magnet Brushless Motor”, IEEE Transactions
On Magnetics, Octobr 2009.

N. Niguchi and K. Hirata, “Cogging Torque Analysis of
Magnetic Gear”, IEEE Transactions on Industrial
Electronics, May 2012.

Li. Xianglin, et al. “Comparison of Magnetic-Geared
Permanent-Magnet Machines”, Progress In
electromagnetics Research , Vol. 133, pp. 177-198, 2013.
N. Niguchi, K. Hirata, M. Muramatsu, and Y. Hayakawa,
“Transmission Torque Characteristics in a Magnetic
Gear”, XIX International Conference on Electrical
Machines - ICEM 2010.

C. G. Armstrong, “Power transmitting device,” US Pat.
687 292, 1901.

L. Jian, K. T. Chau, and J. Z. Jiang, “A Magnetic-Geared
Outer-Rotor Permanent_Magnet Brushless Machine for
Wind Power Generation”, IEEE Transactions on Industry
Application, May/June 2009.

K. Atallah, and D. Howe, “A Novel High-Performance
Magnetic Gear”, IEEE Transactions on Magnetics , Vol.
37, No. 4, pp. 2844-2846, 2001.

T. B. Martin, “Magnetic transmission,” US Pat. 3 378 710,

1968.
K. K. Uppalapati, J. Z. Bird, J. Wright, J. Pitchard, M.

Calvin, and W. Williams, “A Magnetic Gearbox with an
Active Egion Torque Density of 239Nm/L”, in IEEE


https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=28
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=28
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=8319543
https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.3.6.1 ]

Journal of Novel Researches on Electrical Power - Vol. 8-No. 3- Autumn 2019

A 5l —pgas 05lad —piiin Jlos =G 50 (g8 Dlidod aasd - sele ale

Influence of magnet and dimensional changes on magnetic
gearbox torque optimization using finite element analysis
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Abstract: Gearboxes are indispensable and indispensable components of power transmission
systems. Mechanical gearboxes are used because of their high torque density, but problems and
disadvantages such as perturbation, heat, vibration, noise, reliability, need for maintenance, lubrication
and friction are all caused by these gearboxes. To replace other types of gearboxes, magnetic gearboxes
replace mechanical gearboxes. The main drawback of using magnetic gearboxes is their low torque
compared to mechanical gearboxes. In this study, we selected a sample of magnetic gearboxes using
finite element method by 2D Maxwell software, to optimize magnetic torque. The changes made in this
study to the gearbox are to investigate the effect of changing the dimensions and type of the magnets on
the torque behavior of the magnetic gearbox. Finally, this study shows that magnetically transmitted
torque can increase the torque of the magnets by slight variations in magnitude and type.

KeyWOI‘dS: Magnetic gearbox, torque, magnet, optimization, finite element method

\Al


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.3.6.1
https://jeps.dezful.iau.ir/article-1-236-en.html
http://www.tcpdf.org

