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Reduction Method of Current RMS value and DC Current Ripple under zero torque ripple for
SRM based on Mathematical Model of Magnetization Characteristics
Takahiro Kumagai, Jun-ichi Itoh, Senior Member (Nagaoka University of Technology)

This paper proposes a torque ripple reduction method for a switched reluctance motor based on the mathematical model of

magnetization characteristics. In particular, the flat torque current which is possible to generate by the power supply is derived. In

addition, the trade-off relationship between the current RMS value of the current waveform and the current RMS value of the DC

current ripple is clarified. The weight function is introduced in order to consider the trade-off relationship. In the proposed method,

it is possible for a user to derive the desired current command for current RMS value and DC current ripple by setting appropriate

weights for them. From the simulation results, in both cases of weighting the DC current ripple and weighting the current RMS

value, the desired results were confirmed.

F—I—F: A v F NI T X RE—H, BIFEIRHIHE,
Switched reluctance motor, Instantaneous current control, Torque ripple reduction, DC current ripple reduction

Keywords :

1. [FC®HIZ

Switched Reluctance Motor(SRM)IZ, 4 T3H& @R CTH
i, FEREERCE T D, BE, AT F 27U =%
OPOREEET D, TDH, SRM DOEXHBHH(EV)R
AT Yy REMHEV)~OBEHRNHGF SN TWSD, SRM i3,
WYX A I T TEMOAT — X ERIGAET H &
T, BRAREREEERT S, Lo, —HEEOHA, H
ﬂ@%zt%»+ﬁ@h»7#mﬁf%¢,k%&%wa
U ZINRET D, 2T, B hLY 2 @I2 T A R
IV D BT RO CRSIC @ EETO> 2 & T, b
NV FNVERHT 2 FEYR S5, LrL, fHEET
NV BRSNS WKT ML 7 249 T2, oI
BIREA NG 5, EBREAIEBEE 572D _i,bw&/
@ﬁwﬁk%waﬁftﬁﬁhﬁ;mﬁ,%%ﬁﬂﬁ%ﬁ
EHEMBEBSTERELEICE o THRENE72D, Bo b
WY, 7/Pk'ﬁ/}lh{£&{)ﬁ@ﬁﬁi IR CTH D, £/=, brs Y
TnEalll, HhE—EIZLizE LTS, EﬁAﬂIZ\/l/ﬂ?
—IX AN EBREEET 720, AJIENRIREL,
TIZY R REST D,

INETIKERELIT, HHBRBELOHVNITHBNT, b
NI YT NERERIZLDD, HIITAEER MLy Rk d
DHFEOEREL WD, £72, ¥a b U IV EFERT
x 2, WEHMEAEEL LoD, ML ERLEERK
b9 22 & T, BRIMEL R/ IMET HFIEOEREL, E

rv 7 U 7KL, DC &Y 7 AR

%@ﬂﬂi@%@ﬁﬁ@%ﬁﬁbfwéoL#L,@%Qﬁ
BT 5L EBROMEE BNAIRIT/R D720 é':?‘bliﬁ V7
A3 %, DC &t Y 7/V7i’ff§ﬂéﬂ"57i X, CHEE
BHIRZ R L, EREEZ2E 60T icl:b‘ﬁl, 16 ]
MR b, ERMESENT 5RHERH 5,

AL T, E—FEIROEDHE L DC EJL Y 7 VD FER)
fED b L— RAT7EREPfEIC L, EAEEEZEHL, i
DOEHIZK LT, BEWMESEZEHT L7V RAERE
T2, £z, BRBEOHIKAZEZEL, BRESZEHT D
reo®n s ) FEERATE TH D, £/, DCF m)
TIVENEICEALEWZGE &, BIRESEDEIC
EEWEGATERETZENL, YIal—va /JZ V)
FTEDORERPFOND Z & R LI THRET 2,

2. SRMOREFMILY EHBRIARILT—

X 1 12 SRM OB @G, On) % 7R3, SRM DOFAE b v
70, EEETALE O IR BRI R X —We D
BlexEAW TR TEREND,
oW (i,6,) _

20,
DIIREHR, i IXBRTH D, I T, MR RLE—W.
(IREACREE DG, On) | 235 1) 2 BB & Tl 3 PR e 5y D
AREICE LV, —F, MR FX—W OB E A1EN
Py EORIZIE, Q)DL ST,

6 i
7.6,)= TR R L a—— (1)
m 0



=M+Tw=%6Wf +g6W/,+
" dt ot 06, ot oi
ilﬁlim_fhfﬁéo Z 2T, Wb R — Wl LB bR
DG, O\ Z BT D EITELBE & el 23 BT R4y O AR IZ S L
wo::?,Iﬂhwﬁ BRERICBWNTCE, A&7 52
ANKEL, FEERDBES \-Lﬂéb <uvstmpkigr < <
ITRELRWZD, BIfOEE T/ NENE LTV, o
T, A RV 7 B < EIREUNT, BB X —
We EREAL =R X —WrE, 13EALRIL & HLE, QXD
I ST &L, *E&iﬁé 1We~>7T, NJ18ET) Pin
DY TGy Purip=iderip.Vae 1%, QXDE _THE —8HT5, L
ML, P27 UTvE¥eiZlL, HhE—EIZLzE LT
b, FHENRTERY, AJJEI Pl Purp 12T IREN L,
DC BNZ Y 7V dacrip. = Pinkip/Vae AT D,

3. ALY TIVEREEBREDER/IMEE

{2-1) Torque sharing function ARG TIE, B#EF b2

éﬁmﬁétw@%W@ﬁﬁ%wﬁﬁmﬁﬁém&kL
T, EEEFAEICHTD2EMORE N HHEELEZD
Torque sharing function (TSF) f7(Gn) 9% HV 2

B 112 TSF O —flzrrnd, FHOFEE VT O&GFz —
EE, DF VR V7T B 720, fr X —MIEELIR &
11 &0, ZAREEHH X Gy OB ST A
DOFIM 1 & 725, TSF iTkkx 72 BEE B 1525 73, Ziiunaaj(“(
X VT ORI S B3V %R CHRRE R REUINEL
T o720, 2KEBEMND, 2FD, Z L“Cﬁﬁb‘E%L
5 TSFiX, )Rk rickah s,

©,-6,°/056,7 6,<0,<6,+0.50

lap
1= f74(6,) 6 +0.50,,<0, <0,

1 0,,<6,<0,
0 )=
T2 (6n) 1- f0(6,) 0, <9 <0,+0.50 3

lap

©,-6.)/050,> 0,+050,,<0,<0.

lap
0 otherwise

Oup VX ABIBEKIM, Gz —HBEHNHORGATHD, 7
B, QROE TS P DX, SF Y TSF O X
WZHBIF 20T, DC B TNV EBIEEITE 5, NJN:
A% & > SRM TlX, BEHH o @E MM XM A T
2n/mN[rad]> 7 N L7eBR E R D72, X —rF Ak, —
FRAEWIM O T 4 G, WFE %T%@iif@w&%@%@
Tl LTREND, BS bw7r_mt@Tﬁ%%Lf

Aoy AWAE =] i NP/ = e /I i v g = O NP
BaEeIlhETE D,

(2:2) EREDER/MEZE  DHIEREEOHIKTIC
BWT, Br MLT UL THI AR MV Y RIS
5 FEIITRG)@DOT VT AL EHNWD, 22T, HD
BRBEIZBWNTC, HATE 2RKOEF O L P
V7 BRI ORERIELDZE % RIBE M & EFHT D,
M /NS D ZHIBEBR AR & T RFICI T 2R My
BIXOMEEHL, bl M=0rT5 L8512, HIM
WEMAA G, A — T v T Ay ZEETHO, Eu kL

0.15
= Aligned position 15 deg (mech.)
£o012
S
j%)” 0.09 F
€006 -
= Unaligned position
£0.03 0 deg (mech.)
= 0 ) every ldeg |
0 200 Current[A] 400 600
Fig. 1. Magnetization characteristic.
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Fig. 2. Torque sharing function.
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Fig. 3. Current RMS value of evaluated results and simulation results.
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Fig. 4. DC current ripple RMS value of evaluated results and simulation
results. 1 p.u. is the value when applying the minimized current RMS
value method® at @/®mam=1 p.u..
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