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Modeling and Torque Analysis of a Disc Induction Motor

ZHU Xi, FAN Yu, LU Gang, QIN Wei, ZHANG Xiao-dong
(College of Electrical Engineering, Beijing Jiaotong University, Haidian District, Beijing100044, China)

ABSTRACT: Because the large airgap and main factors that
vary with diameter, traditional analysis method results in large
error in analyzing disc motor. A new disc induction motor
electromagnetic model was proposed. Sub-loop calculation and
airgap vector magnetic potential equation were used to improve
the model accuracy. T model equivalent circuit of the model
was achieved based on one-dimensional model. The influence
of transverse end effect was taken account of by directly
introduced into equivalent airgap length, leaving out the
transverse end effect factors. Field inductance, rotor resistance
and torque vary with slip ratio were analyzed. The three phase
voltages, flux linkages and currents were transformed into two
phase relevant equations in synchronous axis. Realized the
implementation of indirect-field oriented control. A prototype
machine was produced and analyzed by the proposed model,
simulations and experiments were carried out. the results match
well, speed regulating performance is good, which indicate that

the new model is correct and effective.

KEY WORDS: disc motor; equivalent circuit; transverse end

effect; torque

WE: b TRV 25 a2, R
TGN T TTEAE 73 Hr i s A LI 2 38 AR 1 2 o F
Foft P T 23 i SR L 2R P A, BERLSR A 23 A o B
ANSRAPE TR R R b 37 5 RE ¥ 7 i04R ir AB TR L o A — 2
Yoy AR BIBAY T B s o A6 o) 32 05 2 )
MRS I AR B 1, & TR P
A 70 320 B O R K R PS5 2 LB AT T i R T
LA FEL T e R it e 22 R AR AR (5 DL o K — AT LR AR 2R I
SO ALIEORITFRLIAT A Ay PR R AR 2R R0 A
LISR I 1) #2771 Pl o L RIPE— S REL, JEXT SLEAT
BEWA: HEKARRERERIH (50807004); FTT I+ ik 4

T H (20090009110025) .
Project Supported by National Natural Science Foundation of China

(50807004); Ph.D. Programs Foundation of Ministry of Education of China
(20090009110025).

Gty iR IAE, ARG, AL IRENERE K
uf UEWIITR AR IE G AT R .

KRR BNl SRE BRI B
0 3|1

HE RN AL E e 7 B0 2 RADIR, digk
IR L v e I 291115 & e o T e 11
O TRCE . XFERRF RS, AR AR T, A
111052 1 R U (R FL L SRAS R KR 3l
By R R SR R L, AR AR
L geAt i AL L, & BRI R R, A4
BUN SRR L PTEL, BCHAERE &1
A IERBINUET o D4 T fEk R T I, Se Bt
AR RS, ASCRA R € i, %
P SRS AN L T RABEW I B, Ak fa i, M
WO, FEENER, (HAER T SR AR 22 O
ROVERERF IR R, Ot 5 2 S R 1 8 5
H LB AL,

LAY L P L Bl BB
T ORI R AR TR, ARVt 7 A i 1
IXFEIRF RS S B T8 SR
JE VLR R i R MO RTRE B S Bt A (R B o 224k, A
SUBRREIAR I I3 A AN Ao TAERE TR LN
Wit R AL UL WE U VAR P AR, XM
(R JTVEBAT % 18 B HE b BT AR 1 (224, AFAEAR
R RIFRYE, R 2 O LA A LA Bk R 8
21 S S R S WA AT SRR K 1) A, 7 A e v
BLI 5 I A S SR HLIFANE R, 4w vk 50K
&, SCRR[2-41554 T e m 0 3Ma T, %0y
ERER R R N L MR E T A | 7 PP |
THREAVNE, HHEHNAR, A AR AL



70 L I - ¢

530 4%

BLo AHRIX S SR A AT AL ) P03 AT R Al L g ST
AR E RO, B IR . He 7 IR 52
AN SRR LA i i P8 288 2 3 ol 520 o

1 B AR S

1.1 B EBEESR

AL JIT AR 3 1) P R A TR R T 43 A 2 S R L
R, BRI R S n
AR, RN IRIAT o5 . TR LR
T 7 [ A ELZG AL Bl g i 3 WAL, N AR GEkE
R AL 2036 28 SRR 5N PR EEAT 23 BT 75t 1 45
HARA SRR, AR UL TS R, A
SRAR BRI 53 AT HEAT 23 HT o

LN IR AT /E3A 700, Wis3h nAn ik
X022y, RBMAED, SA TR AT
FRFIFRIE, W1 R, X EA R — R
IE LB A KHTES ), R R A
) S AT A AR ) 73 AT, B SOIREE M ) TS 4
DX 3 5 AR BEAS [ AH DGR, SR 25 B3 AR R o
S, HASEWREE . Potym BRSSO Ek
DK ETETT R, DLk G R k0o g0 1) TF BT 43
IRARG: SAp % AU PREE 3Ny RS2l T ER i 3 i)
S5 DL RN SEHEAT AR 4L

ERERARR T —H K, mE. S-S0 AE
KHTE LG, 5 HE g5 RS2 ot 1 Fe AL s
i AALS J7 13830, IS N B oA 1
KER, REMIAIAE— & =2 WA & IES:
1, 3EE S FUBL A BRI 0 i A T S A T DA B
AL T A4 30h %

i

e —

E1 #ABNLSTRATEE
Fig. 1 Structure of disc motor

1.2 TEISEMERE
B2 45t TAT R 45 MR R R 225 Ah b
PAK BB RS SH, WAL x JrIias)), Ak
HLMLSEZ FE IR YWY 2 7 1M 8l H = AH B IR0 R
THSEHUNLIG T Rk, i et
1) FH 25 1) 3 A7 R[] A48 A0 0 2 1 5% 1) 46 L it 2

R E TG i ARG, O R 2% I8 LRy
20 AR ARBCRAE RN . B 2y
AT AN 5] JRE 1o S 5O RS o
A
y
SR RS il
T A
i 7(/ \
8 "X
B2 MERFESKELRR
Fig. 2 Side elevation and coordinate system
H YA — RIME IE RBOR ISR
Bl

TR

t(5g +h)
¥ 159 +b)—b’ M
e Ko WHBRE e 7 IR B TP G B I
EMGINRICRE, AN A I 7 AR
LAE, FEHUCRAH LR, JF MR, g hskbs
ABRRE s gt HTABRLNE IS 1 452808t
HHE TP EEG=1, 2-n); 7 N T RPIMR
PR b R TR

_sinh(ng,, /27;)

gez gzgel Ttgel/ZTi gel ( )

K Koo AHER y 7 ) RSB AT AN 5158
Wi 5N S 2 SRR

ge3 = Kg3ge2 =

gelzK

1
1-0.0669,, /1,
e Kgg Oy 3% A fi 32 S 2000 N 1R /0BT R
le=(D1-D;)/2 AL ML BESE: Div Dy Ak
ML AhEAR.

LRI FEATT RE e, ST R 7 R R
TARATTRE, R 22 5520 2% g BRI SR A0 T Rk
i, A9 H B A 1 A e B R ) i 20KV 5
SRS Ny (PN W L DU N1 T S F 878 L i
PR A A 2% 23RN B 1 1 S T 36090,

HRH b7 % 52 D) 3R AH A5 0 R W AR 18] 3 s ir)
T RIS i i o ) 5 280 s A R

gez (3)

mi(-E) =P, +j(Q, +Q,) 4)
I3 = (P, +jQ,)/m(-E,) ()
Iy =jQq /m(-E,) (6)
r,=P,/m|i3| (7)

X, =Q, /m|ij| (8)



4 24 1 REE S U LI SR L BT 71
= mlE [ 10, © KN (13
REAUGE FAH LA V2 s 2

“E = VAWK, [P, +§(Qy + Q)1 prd,  (10)
i=1
TR 1
ffég&+ﬂ%+%mmea> (11)

ﬁ¢:mﬁ@mmﬁ;%=§&\Qf?¥hﬁ@
m%%ﬁwwzﬁﬁmmz;qupmﬁ@m%
BRIAEIICTh IR, 1 L T 1ok
NSRRI s 1 r NHNLE T B T2
R Xiv Xoo X WHLHLE Fo BT RS
Pio p MEHUSE: W TR R AL Ky
e FLRALIN LA R R

B R, EiEE i L s, B
MBS 5E AR, MO FEAE SN 28 WL I 113
SRS e R, L P T2 W ) 4% L I B 21
S N R G AR U 1 SOAi0h A DL S EN
AR SRR R ) 3200 2801 5 0 £ SR AR A BRI
SRR PR K, SRR b 37 2k LR B 4 43 R
B S, IFEE T T RS0 e v % I R 3L
e L BELIE 52 BB RS [ S, A S
A 2P N RS 2R ke LR I 4k 25 Bt
¥ H B A i 7

FH LA 7R A 10 T RS2 b i ) 3 o,
IR IR e LA — S, R B A
(45—, SEGANTTEAR g Bl mgl, W
M, 1% T T2 e ] DUPE 2l s AR A T
HAT A,

r iXi ki ra

jX2

s
|
m
—
>
3
AN

o}

3 BB TRENHER
Fig. 3 T-model equivalent circuit of disc motor

2 HIE. #MEAERLRTHT
AR IE ABC ARAR R T IR T RE
T Y - A
U | [0 ] dtlw,

FEBE T R

AP U Ups s s Wi~ lllzj‘?%\ HHE T, IR,
TG 1 W s L

Xp+X X /2 =X, /2]

L= —Xn/2 Xp,+X —X,/2 (14)
X /2 =Xy /2 Xy X |
X+ X, =X /2 =X, /2]

L. =| —X,/2 X,+X —X,/2 (15)
X /2 =X /2 X, X |

Lo=L,=
cosf cos(6—120°) cos(6+120°) (16)
X, | cos(@—120°) cosf cos(6—120°)
cos(6+120°) cos(6—120) cosé

A NS D EE . ARZrE. SRS R4,
N REWs P UK TR SRS KB S I e L, R R
BTt IS5 AT IR UL, WSRO LI HLRE
KARIATA b pst 1o,

203t ABC 2 dqO frIABRAZ HLAT 21 P AT e A2
PRA NHLEERE, TR X dy g Bl
WEBERNST, WS NHEHE DT RE

EXmHQ é)ﬂn
2 2 -
Y 3 3 la
Y 5)(”]+X1 Exm 'y
3 3 i |17
Va2 Zx ZX % 42
l//q2 2 2 _Iq2
3 o
2Xm 2Xm X1_

AN dqo AB bR 28 I (52 1 FIEE 1 1) HL I
FHENZARRR A R T R

Uy | [h+LP —ak L.Pp -ql, |y

Uy _ al r+kp al, L.p iql (18)
Uyp L.p -l Kin+hp -l g
Up al,  L.p oL, Kl +Lp iq2

e Lea3%m/ 2405 Li=3X/24%0s Lin=3%m/2; @11=pO
A dq0 ARBR AN E T ek ML, @ A dgo
ARTR ZR AN B T IR R A . WS T AR (18)
A E BRI 52, 5 T 9B L A
LRI

M1 DL B SE DL R B e R T L, A R LR AT
KEIEAE A GRS M, FUERAARRE
M S EAE P i TR AL B8 T A 1) 32 S



72 L I - ¢

530 4%

RO PR ) LT AT BT AN, EL G A0 e 1 F BHL HLAE
AN AN MRS 28 250 ke RARTH MR T Bt 3
LB A S HUR R

3 HEMERSZE

31 EHHEEFTESH
SR FH T B A T i 8 2050 1 AR A~ 4 k5
() T BYSERr AEAL,  SF F L B AN IS AT R R
(s=0~)IEAT Vi FLAL 5, XSS EA s T fE
(AR A A R R
WA B 4 B, WTRLEH, 2 Fps
PR Eall ik N N I A ) e e R
SRS R 0.105 6 Q, HISF-3) HARIEAS 1)
55900 0.103 6 Q, r IR S R, B L 2
BN, PR EARIE 45 B N B RS = Ty
WitHE 4R
12

8 o
o] DGR
4\<£E;T¥WE%&ﬁﬁ%%
N — .
0 0.2 0.4 0.6 0.8 1.0

S
B4 T rafEizk

Fig. 4 Rotor current curve

il BT S B, RTWL, 2 BT
VRIS B 1 il td FR LS A AR s ] i, AR
HIERA 0 WARSE, EAPRE T it 5a moh
8.695 5 mH, 1M P ERVESE R K 10.163 0 mH.
TR R

Xz/mH

Ly ERi s B

0 02 04 06 08 10
S
5 RhGEMENL

Fig. 5 Excitation reactance curve

3.2 FESN

K = A R D AL A DAy S5 56 56 I )
%, HHLE TN 6cm, FME 10 cm, &1 —AH%E
AR R RHAE, BUEMR 50 V, HiE )k 380 V,
BUEMHER 1A, WA 2 mm, 7 P45
1 mm, ZRETFHERE | mm. B e Toedlihsk,
4 IR S0 7 S AN R 45

AR T4t 7 € 1 7 3K, 1B 6 RGE4H

HER, SRFE SRS S € 7 d B, g Bl A 1
Feide, o3 5 RINES e AR T LEBUEIE N PT 4%,
K AR TR IR\ 2/3 AR AR Mk AR AR (¥ 9K
B 5 sl E L,

Ui

i 2 275 Y
4%fII’J%m[ ik

Y Y VY

, + lgi + Ugi HAL

o <O\ @1
R FE i
2/3
() |q]

6 [E)3ERIHE EEFITEE
Fig.6 Indirect-field orientation control diagram
B 7 Qg L TERAUR ] 2 BRI R L
FBEH =R g, WL, 3R AR R R
HAZR T 4 P30, AR b A e s 45 O
SR BRI LA R
EZNIREEES

0 02 04 06 08 10
S
7 2RENXBHEET L

Fig. 7 Torque curve of 2-pole disc motor
K 8 s HLE TER41R T 4 Atz i i) s L
et Az i, A, A2
UEEFSENiEiES o /SIS P E B2l o R/ U e

0 02 04 06 08 10
E8 4tRENBHEET Lk
Fig. 8 Torque curve of 4-pole disc motor

MIEL 7 FHEE 8 AT LAE Y, il A SR A AL
R R PR S5 BT 4 45 250 B i 2 BOR AT (R LA,
FRGE R EUAL G (P 1) AR TR MERA B Sy

2 ML PE L 4 SRR ALBE, HAEREMIA
B BRI AR, M A 20 ) AR S i s it e
[P ZEAAARAFAE 5 Hz Ao A7 BT LA 21 38K ik
B
33 ZELER

Y ERIIGREAR S, TRHIH N 0~5 V, XN
WU 0~3 000 r/min, AR BN 1 500 r/min,



5524 1) ARERSE: A N AL Bt B L AR 0 A 73

S S IIE 4 £5 2800 BOR A R A 19
N ERIOE R 155, 1B 10 D ROV LEE i Y,
LS B e S ST, £ 2.2 s Jim ik B 8 A
B, PRERSOR RAF, JoHdie i

n(750 (t/min)/#%)

(400 ms/k%)
B9 HBiERESER
Fig. 9 Speed demand curve

% o v
o)

g W

S

el

o~

=

(400 ms/k%)

B 10 EHEERE
Fig. 10 Speed experimentation curve
SE TN R S B I & 11 PR, (R
JEFRA BRI BT BB, AT R AT R R bt i 4
BN, KPR, L AR AR AR
TE o SEIGIE W T I AR SO ST R R T R P AL 2
BT vt LR S A AT S R T SE R o

11(1 A/%)

(200 ms/k%)
& 11 Es)X e BB
Fig. 11 Starting input phase current curve

4 g

ASORAE A B UL S R S AR AL, 4
R WS UL B B LI A vk, 1R T8
XZHUHLISHT ) R AN B, 280 O S 26
U, AZASE Y e X LR P A R EA T A R

SR R HE A A A RSB ITRE T
A,%&ﬁ%ﬁﬁ%mﬁwﬁﬁmiﬁ%ﬁoﬂ
P51 FL A R B iy b 1k — 20 ) Y Wi 39 23 W7 7 3
WFFT R S SR AL R I SC R, S IR
TRt A HERf o M L A1 ATR PRI T

B3 3k

(1] #hadts, FRADL. Rl HLR R RIIM]. dEst: o ERRK A
AL, 2005: 155-198.
Sun Jianzhong, Bai Fengxian. Special electrical machine and
control[M]. Beijing: China Water Power Press, 2005: 155-198(in
Chinese).

(2] £k, 4, SEx. S e B s Ao — AT
S TRV /23[]] HLEARZRE, 1992(3): 6-8.
Wang Lin, He Quanpu, Ma Zhiyun. Investigation on magnetic field
distribution of axial field induction motor—engineering calculation
method of some parameters[J]. Electric Engineering, 1992(3): 6-8(in
Chinese).

3] KRB, Kok, ZAHBEAURM LB 2 A BT[], VR
Tl K224, 1999, 21(6): 502-505.
Guan Enlu, Guan Mo. Design point of three-phase disc induction
motor and optimization design[J] . Journal of Shenyang University of
Technology, 1999, 21(6): 502-505(in Chinese).

[4] AN, BT IotkO X K M LR R R AT R 2 i
DA [3]. hE L TR 2R, 1996, 16(2): 125-129.
Gu Chenglin. Optimization of permanent-magnet axial field coreless
DC motors based on magnetic-field-magnet method[J] .
of the CSEE, 1996, 16(2): 125-129(in Chinese).

[S] Qishan G, Shuhong H. Analytic approach to magnetic circuit for

Proceedings

saturated axial-field induction machines[J]. IEE Proceedings-Electric
Power Applications, 1994, 141(1): 27-32.

[6] ANasar S. Linear motion electric machines[M]. New York: A
Wilcy-Interscience Publication, 1976: 57-137.

(7] JeiB4. HZEN AN EIS R BT VEM]. b B
HipRAL, 2006: 1-156.
Long Xialing. Linear induction motor theory and electromagnetic
design method[M]. Beijing: Science Press, 2006: 1-156(in Chinese).

(8] it LD AN R B VAT, T ROR
AR, 1993, 8(4): 55-60.
Long Xialing. A general method driving the equivalent circuit of
linear induction motor[J]. Transactions of China Electrotechnical
Society, 1993, 8(4): 55-60(in Chinese).

[9] 5KJWE. ELZR UL AR LR RN ]
1999, 3(2): 126-128.
Zhang Guangyi. Research on the static transverse end effect of the
linear motor[J]. Electric Machines and Control, 1999, 3(2):
126-128(in Chinese).

[10] Duncan J, Eng C. Linear induction motor-equivalent-circuit model
[J]. IEE Proceedings, 1983, 130(1): 51-57.

[11] Escalada A J, PozaJ, Luri S, et al. Equivalent circuit of a linear

HUL 2 240

induction motor with variable parameters[C]. The 32nd Annual
Conference of the IEEE Industrial Electronics Society, Paris France,
2006.

[12] BRMEm. sl A shiEtl R4 M. Jbat: HUR AL ARAL, 2000:



74

A L

% iR 30 %

[13]

[14]

[15]

[16]

[17]

189-290.

Chen Boshi. Electrical drive automatic control system[M]. Beijing:
China Machine Press, 2000: 189-290(in Chinese).

TRAh, AR, NTRE, SF. DT 7RI B RN HUALRT AL AL
], PE LT ARSR, 2009, 29(9): 80-86.

Xu Wei, Li Yaohua, Sun Guangsheng, et al. New equivalent circuits
of short primary single-sided linear induction motor[J]. Proceedings
of the CSEE, 2009, 29(9): 80-86(in Chinese).

Gastli A. Compensation for the effect of joints in the rotor conductors
of a linear induction motor[J].
Conversion, 1998, 23(2): 111-116.

RGOSR, BYLSL A, )4 RN LI E R
HIBFFED]. AL TRAAAR, 2005, 25(11): 113-117.

Wang Yi, Ma Hongfei, Zhao Kaiqi, et al. Field-oriented vector control

IEEE Transactions on Energy

of induction motor for electric vehicles[J]. Proceedings of the CSEE,
2005, 25(11): 113-117(in Chinese).

EMERE, EME BRUUME, 5. RT3 RO 1o 4 1 R HLBL
O B A I SR A RILD]. o FE AL TR, 2004, 24(5): 84-89.
Wang Yaonan, Wang Hui, Qiu Sihai, et al. The field-oriented control
for speed-sensorless induction motor drive based on recurrent fuzzy
neural network[J]. Proceedings of the CSEE, 2004, 24(5): 84-89(in
Chinese).

PSR IR, i R BRI RALIR o s P T (0] R
HHL TR 540, 2005, 25(21): 132-136.

Lu Qinfen, Fang Youtong, Ye Yunyue. A study on force characteristic

(18]

of large airgap linear induction motor[J]. Proceedings of the CSEE,

2005, 25(21): 132-136(in Chinese).

HRL s, AEEE, . TR TR I B A 5 Lk
) ) & N L] B AL AR 2R, 2009, 29(9): 73-79.
Lv Gang, Fan Yu, Li Guoguo, et al. Normal force adaptive optimal
control for linear induction motor based on decoupling strategy
[J]. Proceedings of the CSEE, 2009, 29(9): 73-79(in Chinese).

Yks BH: 2010-03-15.

fEZ &Y

KEE(1983—), Y3, WLAFFUE, BERITIh
B S5 R HEAL, adam-515@hotmail.com;

JiKi(1954—), 5, B, WL, HH5
J7 1) A RV SRR AL ) R G B S s

2RI976—), B, H4, YR, BT
WAL 3, T HINLE IR 5 N 45 5 T 5T 5

ZA1i(1986—), T, WWFIE, W AN
LR TR SRR AL

KRR (1983—), B, Wi-LWIFTA, WEFTUT IR
TR SRR AL

(RfEHwEE L4170



