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Motor type o, Ibflin® K, f/in® TRV, kNm/m?
Small totally—enclosed 0.1~0.5 0.15~0.8 2:5~7
Integral-hp industrial .o 2 RS- 5 7~30
High performance: servo )~ 159 15~50
Aerospaces £ ~5 S ) 30~75
Large liquid—cooled 10~15 15~200 100~250
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o] thE3} Z2 AT 2l



(2.5)

A h=R=d

TRV =20 2.7)
A
T _ 7T
K= o= TRV (2.8)

o714 © ®ol AFHE AFE oolil [ffin*]o2 SAHT. weF L,
7} inch#bd T [if/in’lo] Bt 1G-S H o=1ibf/in"2 TRV=13.8

ENm/m*el dl-g-% T,

AARA = 27 AS5A7 Dot 4ol Lolth oA & dA 71A
A (gross electromagnetic .wolume)o|2} B8] YsIJq Hy =2 Aot}
T(net) AA7] AALS Dok L 2-HH= A&y olth. dAAr] AA L

Ty e A e, oA T A HA7] AA el F Wt



2.3.4 W X+ 24

G

S

#o] Q%= volt-ampere Z271E H A3}

o,

F=°] 0.25mm(0.010in) Xt}

1o}

B

& Wesl gt g, B el AR 2~

g
la=s

ANA, 5L 0.1lmmy 0.004inw+E Z-A|

s

il

ok
o}

O] 7)4\% Lstk/Dr Oﬂ

3] 44 272 10.5%°1H.

ol
L N

heFA el &k

=
7}

]

g0
Rl

Figs 3

=
[}

A

<57 5,9 5>

(i) B,=p,

F(width) o] A, ¢,

=
=t}

3

o A
uj o] zk (¢,+ g)/goll A

oF 2gH T} FAT}

O
=

o
=

o Aol FIEAASLE FEo| 2

oz
-1

1

1
s

=535Q (t+2g)/g7HAl F7HAI 71, o] o]

(i) Min(g,, 8,)=e, stroke angel B+ step angle

10



o} o] wAALY 5 A

AR AN EQ =7

stroke angle®.t} ZHA = 4= At}

7te

A =&

Al
=2

oo zRE g,

2n/(stroke/rev)2A 2x/(mN,)o]t}. 121}

[e)
e

(overlap ratio)®l

%

ko] gt} a¥rE EQ T H

M=

PE %)\_%

KeX
3T

U]

1
s

44 A&7

H| 7} S0 =t

L
s
fula
0

A
s
fula
0

o)

-8,

r

N,

2

(iii) B, <

A
I <ot HlgdE RS agxtel o dat 5 FH ] f4 o=

3|

o

]

o

ol AL WAHE Ao, At AAAL F AS|ol= o w7}

=
[}

o

o
=

g A3 g,

(2.9)

2
b
2

B

t, =2(r; +g)sin

(2.10)

r

t, = 2r;sin

o] 9 Aol A Fojxirt,

)

N

hin
ey

o7

<

f20<

1 SRMel| s

o
1

G

H

—



<FAA £F 2ol 4>

944 &% Zeole

3L

d, =71 =79 (2.11)
047]}\1 Eﬂ-?g 7"1:tr/2 O]jl TO'E‘ %%‘ 9‘4;(4%}‘/] —r(mlnor)tﬂ' %%]‘;}
SlAA &3 Zole e v|AY e'uHAE d7] 9 FHolx F=Zdol9

olth. Iy Y A& A &£xE = AL F4 €24, a3
HAE A AR O] AEo] A So] e Z A
adE 527] gitelnt. vkef nA AR oA s 3k 3 A 5 EA

2] Abolzte] o7k WR AaL 3 dA £xe @A dske AL viAd™

<3BlAA 803 FA 4>

SA7 203 T S TIPS e @A A5 Y] Ae)
walof @), 23 A&AES 747 SRMOlA, F ALe Bpe o mpo
2 ydelx i, H44 & Wy H344 20A% Sojer. 2979

Ty, Aot /2 Hojof dtar ol BT} 20~40% & Ao] Frh



% Dsh>

<% A

of kg

=]
RN

F71 o

Ao Z9 A4S Az s

e 84

N
el
olp
<
o
N
N~
i
ol
T

o]
=

(2.13)

d2

1Y wl

n, = 1.55x10°

ﬂo

NI

_Tl

D32 FALDb] d o

2ol Apelel Aellin],

o714 1

[in]

KAARAA} 823 FA >

ol o 204

A

AR = ZFo|al y >t /2013l 7] oA KB} 20~40% 2
Fiol AAAE th& 45 AReloA v o Xt

] O
=

L

A

=
T

i)

(fillet radii) AH&

=
=]

A g {kx|
@ #o] mZsA

x

A

€)

(tapered) =& Al&

1
T

13



.

o714 Ex B AIS, Fe w9 do]

ofl
FE
Y
ot
ol
ot
o
fu
L
ofo
ol
ol
rir
oot
s
O

© a8(ring)® ¥AEF7, R

rlo
=
)
1o
o,
=y
FE
N
il
o,
i)

7] Sl = oA 7 glEol el FHEstofof gkt
gy 7R o m nAael At S5 A Folof gt v o=
slzo] b AR AY 9HE FAOR = B9 9 dead zone
o] A7|A HrF. 19 2.32 47 8/65 w71 nAZA S5 g, 9 A
2L F35 g, Aol BE Vte s 2%S BHAFE Al

i e

70 Stator poie arc’

Rotor pole arc®
0 10 20 30 40 50 60 70 8080

a9 2.4 4% 8/6= SRMQ] 7}edk A7y



K

A

o
TO

o
TH
xr
=
1o

il

==
"o

B

A

9] o

R8s

O 3]

bl
3.1 3849 s

°©

it

B
TH

o)

==
o

Gk
1=

S

I

EEN

o

4329 AFZ W

BB Wggel Aok 71 1 e

Fa7A o

To-

==
"o

of 2l

a2 glem H HFH

15



K

==
i)

= #9877t v

3

0

e

A

Aol w

718 7B =S AXts

= A
iy

1950t]

Yolw Wl &

o
o

3}
<1

Ho

T—

1960:1 )

1
s

ofol A

AR A=A 7V

=
=

1970 t)

ﬂo

Galerkint} © 2 4] A ol 4]

oliL, m BbE

H
=

N

7}

SEROE TR

, FAEe] =

=0

16



o

0
p
el
bl

Eias

Preprocess)

o= dHA Q).

~N

olp

od
o
;oa
T}
o
ﬂ

—_
o

of

o
i
o
o7
o
i}

<

O

<

;OL

oF

o

T Rl e

2 g

3

Fod A

A}-8-3]

=
=

—_
"o

4
o

oF

—

o

SR

o). e T

gE Ae

3)

=

17



TH

B

bl

b
T

oo
K
I

‘mmo

a
4

)

iy

(3.1)

(3.2)

—

-

—

+ VvV x(v-x B),

4B
ot

(3.3)

B

v

(3.4)

(3.5)

[A/m],

A 8 A7

471N, F

[V/m],

A A7

e

[H/m],

L AR FAE

U

18



o225 =AY 57t =HE [1/0m].

—

g, 4 B.3)o25E A7) ¥y xdd 4

BAH oz Ao,

rlo

N
®
2

B = Vv x
mepA] 21(3.2)9F A(3.6)0.2FE oz} EAge frEE VIHdE EBo©

2B ol Fak] Ktk

—

E=——‘L§L+Zx73. (3.7)
21(3.1), (3.4)Z%-H
VA H = V(- V<A) = T, + T (3.8)
b, ME T 28 A@8eRRE e 4 (39)F JTk
VORTFA) - S T (3.9)

d71d v A = o 2 Coulomb gauge &71S Agshd 7| oE Leld

4 3100E FELEUS AHEdtel x-yHuel sl olAAH R 45



sk,

tol theat ge AEe

S

71 4l

fife)
0

Ho
o)

B
xT

bl

(1) z

TH

b A7) wE Ead

7,

Mo 25

22

2

12t

A
&

=T

)51

Els

< x,yel

Jolm 2 2](3.10)

A
&

[
™

E[l—

=
b o

S

Jpo.

oy

3} ol LM

S
=]

AZ A7

(3.11)

7H (2l ¢

1
s

1714, A

P 2] (3.12)sh 2ol 24}

o

st 744

il

(3.12)

Ay ) = SINLGen) AL

)5}

20



= A (bie T cex + diy)- (3.13)

bie = XjeYre = XkeVie >

Cie = YVje = Yk (3.14)

diec = Xpe — X
2 REH AL, A7 e, je, ke © TTE HEHHE HAold E3 E
A N £ AY mgone A A 4] uE ETud 4 = o
o Ao A A7 4 9

A* = Zq}lNi(x, WA, (3.15)

J5te] Galerkin®He 4834, 21(3.16)9

3 2k RS The s} wol v

R= L4 Al | Lol 04N ) (3

_OJL
K
i)
=
N
L
of
X,
2
©
fru
i
o
)
Q
il
o2
(0]
fru
_or[L
rir
%
il
-
_or[L
fE
aid|

=
2
it
=
2
>,
N
e
L
ofN
2
24
\Q
_1>~
®)
5
i)
my
2
[t
v



| RN; axay

- f _1]1__86_221 *‘4+3221NA)

) ) (3.17)
+ 7, 0 (L BINA A+ 0,8 3INA)INdxdy = 0

(G=12,....,n)

TEE 84 (o9 AA Bl diste] A(3.12) # A@B.17= AHEsHd, v

2 3 2 3
Gj.= f . _]_(_0_ NieAze+_a_2 2. NieA )N, dxdy +fse]onedxaIy

_f O( ZleleAZe+ 'Ux_aa_ ZlNzeAze)Nfedxdy
(j=1,2,3)

A7 ¢ B 84 (98 WHeIH.

21(3.18)& Green? &Ad 98t A7stal, Neumanne AAZXE 1
dole] Agsld o o=z Hu

aN ON; oN, aN
f Zl e 1e + e 1€ )A Zedxdy
5 7 o0x oy

[ TNy + [ 30N 25) axay

0N,

e gy Aw dxdy

+ fsll 0y, N,

22



di@ die
fs zzl ZA(e) 2A(e) - 2A(€) 2A(e) )Az‘edxaly

fsefon-edxdy-f— fseZiO(Nie QM‘QW@ . (319

+ fse i“l vaNz‘eﬂ\jc-& Aiedxdy

g, A(3.19dM AFEE g = HA gregA 2(3.20)3 o] & F
i
5= i (3.20)

Cre€iet d1cdis | CreCoet diolae  CreCs.t+didsl | Ay

%

Gie= "oy | Calet dydy.  Coscoot dosye CooCiot daedse | | A

C3eC1e Fdsedie C3.Co0 T dsedse  Cyec5.F dsodsl | Ase

Cle Coc C3e Ale 1

L v _ AYN;
6 Cle Coe C3e AZe 3S 1
Cle Coe C3e A3e 1

23



— ([S19 " [VI9)A) — {F}“ + [M](e)—(%{A} , (3.21)
o714, A(3.21)C 8 (o) o t @Aape] FAAolmE, o] AL A J

o RE 82 ¢ Rol thstel 2@HA, A Qe wA 4o AYahe A

= ( ([S1'2T NP MA—F -2 [ )4 %{A} )

= ([SIALGIHAY —AF) + (M

4 322904 [S1E A AX % FAad e A28 WAL /)
FREz geln, [VIe 5% o) aais Az MIe s Fel 2

de Asgdoly [ p, v A9 HA WFeE gdolt

n

%
of Mt el = A7) mEe o] AXI At ARte] ®el A=

Sdo] ok weEkA o] [VIZs o= wmh57] f8te] ol HRAE A



21 (3.23)3% o]

P22

PN
T

2 o] Fo=2M A

(3.23)

{F,}

[SHAY + [M2(4)

Kirchhoff =z o2 XE 2 (3.24)%)

Els

of o

(3.24)

(3.25)

o171 A,

[ U]

diagRs, Ry, Ro) ¢

[ R ]

diag(La, Ly, L)

[ Lol

N
il

[ E ]

(A, 1 = (A, A, AT

Apgakol vehiy] 9

-
AE

2
=

c)

E

e ¥

A}7]

o} 714

e

==
i)

25



(3.26)

i

Njo

A

1
s

s Wel d3g7F N ]l Aol ALy

<
o i R

i,

S

fto.2 tALs}

(3.27)

+

o171 A,

upebA 2 (3.27)& A (3.24)90 o9

(3.28)

kg INTT-L0AT + [ LIS 10 + [RIFII= U1,

{ Na, Nb’ NC }’

[N]

o171 A,

j € a,b,c

NV;
3S

j € a,b,c

Nkz

, n)

1,2, ..

(k =a,b,c),(

o

26



lo

A, A% AF WEek AAF WEe #AN [F] = [N[]F o

sho] 241(3.23)% 4(3.28)= Adtstd vadt 22 AIRE vEe] x9d

(e}
2R

l [O]}
= . (3.29)

2(3.29)9] AIZF mE&S A s HHoEN FHAAN At A 1
5|

Hale] TE AJEWMS ALEEH AA AAE upgA e 2(3.30)7 go] ®
o},
l[S] ~[M = (Ml [0] [ Al
[0]  [R] AV N ] A
[ M] [0] T [[A] [0]
=—Al7 - } : (3.30)
M7 ol Lral, ltal ..,

2(3.300= vl Ayshd AG.3DH 22 PHo] Hrt

27



A
[S]+Liml: —[ N [A]
—[M7T _fLHLiftrR] ol
L [0] [A] [0]
= + . (3.31)
1Ll
_[]V]T - heff [1] t _hAt[l]]
eff

ANA g TFERS] AR, 0 S 84 M oERE 78 TAAF

o, F, el

28



A4 54 WY 24 R 2F

2 =zoAe SRMY AAE fste] 48 =¥l RmxpertE A&
3Fal, Maxwell A& fF3te s &4 TRaS ALgsle] A4S 814 3
o} Ag A 23l Rmxpert= AASA sl+= HAE57]9 114}

A, A aga Fo] o ddhs AAlgks s w71 A

AE 70, A7) 542 WNS AHgstel SANAS 8 i Tzadol
o R w=Eeld Assid s SRMe] AAALE 2 & o: o4, 29
O ’

5[kW1, AAAR} : 220[V], AR &% 5 : 8, AR &% I ¢
=

5
AA &% 0 1500[RPM] o|t}. 18 4.1& SRM AAE 93 ¢

an - ] T F LF
Properties: srm(industry graduate) - srm-I‘_,a"ﬁa-:hwf\e - " "‘\ (B
Machine ]
Name J Walue | Unit |Eva|.”] Description J Re
Machine Type Switched Reluctance Motor \
| |Frictional Loss 12f W 12 The frictional loss measured at the reference sp..
_Windage Loss 0 W oW The windage loss measured at the reference 5.,
| |Reference Speed 1500 'rpm I The reference speed-at' which the frictional and L[]
[ |Contral Type el im " [Control Type: DC. CCC {chopped current contr,., | |
| |Circuit Type ! Full-Voltage | "~ Drive circuit type 1
4 = _1 = — - = 1, =3 -— = ___ . 13
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 Properties: sm(industry graduate) - sm-1 - Machine
Circuit I

Name | Value | Unit |Eva\uated | Description | Read-o

Lead Angle of Trigger 0 deg Odeg Lead angle of trigger in electrical degrees [

Trigger Pulse Width a0 deg fldeg Trigger pulse width in electrical degrees 7]

| Transistor Drop 2 W ‘Voltage drop of one transistor [55]

[ |Diade Drop 2 W “oltage drop of one diode, or the total voltage fo,,, Tl

1 o a e W e - - | LS

[~ Show Hidden
al | S
F = r x =

a¥4.2 ugA A A e Y

propetes smindusty graduate Jsmet “Rachine W, ey S PO ey

I~ Show Hidden

Stator | |

|

Marmne | k Value | Unit | Ewaluated Value | Desctiption | Read-only | |
Outer Diameter 120 mm | 120mm Outer diameter of the st... [

| |Inner Diameter | 75 " e, g, Y | 75mm Inner diammeter of the stai, [l [
| Length I3 k F = - mm :BSr-nm _,LengtH of ihe stator core [
| |Stacking Factor 0,95 T = ~ | | Stacking factor.of the st,,, [l
[ |Steel Tvpe [ M19_24G ‘_‘* i 7 Sweeltypeofthe statorc.. |
| |Mumber of Poles 8 = i N INmber of poles of the .., [l
| |Embrace 0§ 0§ o Pole embrace [
| |oke Thickness 9 mm | Smm Yoke thickness of the st i

2|
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Properties: srm{industry graduate) - srm-1 - Machine
Winding ]
MNarme Walue ] Unit ] Evaluated Yalue Description ] Fiead-only ]
Insulation Thic... 0.3 rnrn Thickness of the insulati... &
End Adjustment |0 | Oram End length adjustment o... 7]
Parallel Branches 1 Mumber of parallel bran... ||
| |Tums per Fole | 142 142 Mumber of turns per pal.,. 7]
[ |Murnber of Stra,., |1 1 Number of strands (nu... B
[ |wire Wrap 0,08 mm Double-side wire wrap t,,, [
[ | Wire Size Diarneter: Ornm Wire size, 0 for auto-de,,, [FE]
[~ Show Hidden
2401 Y
o < . o — Ao .
S| Q) =
H 4.4 082 A A EA dH
! PP [ ] LY
Properties: srm(industry graduate]i— srm-1 - Machine . _ I ’ |J.
Rator |
Name I Yalue | Unit | Evaluated Yalue ] Description J Read-only ]
Cuter Diameter |74 mm | dmm {Outer diameter of the rot, [
| |Inner Diameter 30 S 30mm Inner diameter of the rat.. [
| Length E5 E, - mm B5mm Lenath.of the'rator care ]“‘
I [Steel Type 19205, | T |Steel type of the rotor core (]
| Stacking Factor 0,95 o . i F | Stacking factar of the rot, . &
Number of Poles B P B & A!Vmeher ofpoles of the ... |||
[ |Embrace 0.5 - 05 "~ Pole eribrace =
| |¥oke Thickness |9 ‘mm_ 9mm "Yake thickness of the ro, . (7]

[~ Show Hidden

= |
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Properties: srm(industry graduate) - srm-1 [
General |
Mame I Yalue I Unit J Ewvaluated Yalue I Description | Read-only ]
Mame Setupl F
| Operation Type  Motor Motor or generator 2
" |Load Type Const Powar Mechanical load type 1]
" |Rated Qutput P,,, |BB0 W BROW Rated mechanical or ele,,, [ &
" |Rated Voltage 220 Y 220 Applied rated DC voltage 1]
I |Rated Speed 1600 rpm 1500rpm Given rated speed [ &
i Qperating Tem... 75 Icel T5cel Qperating temperature 1]
™ Show Hidden
il F =
- " = L]

a9 46 34 =4 49

Sirnulation: jSetup‘I Aﬂ ]Pelformance

Diesign W ariation: ] _I &

Performance Design Sheet!| Curves |

] selutions: srmﬂndushyl}radm 9""1—1 - — _ - l
=]

SWITCHED RELUCTANCE MOTOR DESIGH

File: Setupl res

e »

GEMERAL DATA

Fi ated Dutput Power [Kw] 0.55
R ated Yoltage [V] 220
Given Hated Speed [1pm]: 1500
Frictional Loss [wW: 12
indage Loss [w]: a
Type of Load: Constant Pawer
Type of Circuit: Full-¥oltage
|ead Angle of Trigger in Elec. Degrees: ]
Trigger Pulse “Width in Elec. Degrees: an
Total Transistor Yolkage Drop [V], 2

Total Diode Woltage Drop [V]: 2
Operating Temperature [C]: 75

]
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a9 4.14% 135° dPE 499 S
A~ =l. O o) S A=
o] Ap&o] 2 WMATHS g = vk
AlWb/m]
6. 55@1e-0a3
5.6398e-0@3
I 4. 7295e-083
3.8192e-003
2. 96859%e-0a3

1.9857e-0A3
1.A884e-0A3
1, 78@7e-0aY4
-7, 32z2e-p@4
-1 6425e-0@3
-2.5528e-083
-3 4631e-083
-4.3734%e-003
-5.2837e-0A3
-6.194Ae-0A3
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Design and characteristics analysis of SRM

Young-Su, Jung

Department of Electrical Engineering
Graduate School of Industry

Pukyong National University

Abstract

Recently, SRM is widely used in the field of the-electric car
and the electric folklift because of the high efficiency “in the
wide range speed and’ torque,~high torque and power and also
studied for /high speed: application because of its simple
structure and development of power electronics. But a major
demerit of SRM is large'torque ripple, which produces acoustic
noises and vibrations.

This paper describes- design and characteristics' analysis of
the switched reluctance: meotor by using the finite ~element
method. The basic design—1s done by 'the commercial
software(Ansoft Rmxprt) and the characteristic analysis of
switched reluctance motor is done by MAXWELL program. The
torque and current characteristics are analyzed when SRM is
rotated at constant speed and the torque characteristic by
variation of the pulse width is also checked. The simulation

result is validated by the flux line of SRM.
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