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Maximum Efficiency Operation of Synchronous Reluctance Motor
Using Mathematical Models of Magnetic Saturation and Iron-Core Loss Characteristics

Ryota Hiyoshi” , Toshihiko Noguchi (Shizuoka University)

This paper describes a maximum efficiency control method of a synchronous reluctance motor taking magnetic saturation and iron-core
loss into account. The method is based on simple mathematical models of the d-axis inductance, the g-axis inductance and the equivalent

iron-core loss resistance obtained by FEM analyses.

As a result, it was confirmed through experimental tests that the efficiency was improved with the proposed technique. In addition,
propriety of the maximum efficiency condition was experimentally proven by a comparison between theoretical and experimental

efficiency characteristics.
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Fig. 1. Equivalent circuits incorporating equivalent iron-core loss
resistance.

EENESWEMRET D, FEER, Rk OB R DR
LB, AR THAER S L 95 T — Z TR
HFBEEHLERADPHEIN TN D, £z, FhSHRER
PUFTERR A A 0 & d 8RR iy O B 255z VLT @R)o
EoizEA et 5,

Ly :Ld0+deln(id) 1
Ly =Lyo +qull’l (iq)
R.=kyo+kpin(iz)+ R (2)

176



3. MAMEMBRHERKX LY MEEEOEE

1 DOAMRE] RS TE FRFBIZE 1T 5 SynRM OB JEEiT T
A TFTRickv5z26ns,

[vd - Raid:l _ { 0 -al, }[id } @
v, — R, oL, o i
iy’ Iy 1| va =Ry
L} i {’J _R_c{vq _Ra’.q}
___ R { R. oL, }[id} @
RI+oL,L,|~oL; R, |i,

FEREFNLT VX S D R BIEENR RN
WCEERZDLG)DLIIZRY, ZhEv 526D by

Z@)TEEND,
R, +R. B
|:Vd:| ) Rf R, +olyL, —Rcz wl, {id}
Ve | RZ+&’LyL, oly Ry +otgr, Rt Re g
R?
(®)
R2
T =———< (L, —L,)(R.iy +oL,i,)(R.i, - &L,i,)

(R2+ ’LyL, f

(6)

(6) % W TRARBIFREIRRSAE, b L <IEHmK by #iig
SMEEEHT DL, TOERSMITEME 25720
M2 2D XD ITERT 5, £z, 2hFILG)E Y AT)E
T, @) E v HIERDBZLICEVB)D LY ICER IR,

R? .

TZRCZTCZLH'L(I(Ld _Lq)ldlq (7)

oLy Ly )iaiy

77 =
[Ra +o?LyL, R +2R ]( i2+i2 )+ olLy -1, )iaiy
R

c

(8)
LXK %i%mmﬁ SRR —TEILERR &SRB E S
o BRI Bk, B I 1R R LT B, (8)
kw1m&m1ibéht4yﬁ&&yx&%mﬁﬁ%
PiAEBE LT, kKb s on/oi, =0% i,
WZOWTRLS L QBB LN D,

Ly Ly +hy) )R, +oPL L, Ryt ”) ALy (Ly-L )[de R” —kRCLdZR R ]
V(Ld ~L, kg )R, +@LyL, R RC)HUZL (La-1, )[de == RC chLdZR :R ]
R % IS
9

NTELI iy, iy DB THD A &7 0 AT LOEA
FHEPEEA TN D20, WY 20EME F2E =)
52 Ti \SHT D iy ODWOREH R 21TV, Rffzfie 45 d
B2 KD 72 TR B0,

¥, PEROD L S T AT & EMEE T2 MR, Ap
J% AR XN g DA 77 2 ADRK, ﬁ@%ﬂ%%{ﬁ) )

20 TAUVE I ZUANEHET —ETHY, SMEkEK
?ﬁzﬁ@%i&irga:@ﬁwﬁ#éi;%é.\az.’c(lo)@c,t 2T EAL &

o, (kp, =kp, =kge =0 OHAHET S, )
iy =i, 10)

ZAUE dHER & g WhEREZE L 2D X ) ICHIET 5
kDR ERE L BT D,

4. K ML BEEHEORH

K Db 7 EERGAF OB b i RN E R A & [k
FHETIT O, ()E@TRDOINTA V&I ¥ A LSk
BIEHEZBEL, E—ZERD VA& —EIHER L5k
TCRD D, (O MY T ZiKRIET DR, Bl
0T/0i, =0 % igICOWTHELS L AN B D,

Ly —-L, +k +a)2LL 71 Ly —L, +k 7‘]]_'_ (L L)
d L, d d L d —
q d q Rc2 q ) Rg .

ig==%

x 2 q
&*LyL L
Ly —Lg+ky, + o2 q[LdeququL—d]
q

c

(11)
ZOHAE B Q) E RRRICIREH R 21T - C, i, ICXT 2 iy
OBRERD T IL RS20, I2E, RO L D IR
fafn EEMSEBEERROKBEEZEHR L 24
(de = qu =kpe =0) , BLE—FERHTD OHREK

L7 RS AR D L, (A0 L O ICfiEb s h
b, TEV, RIS SMEEPORHEN B T X

DEFEM 25 E80, HALE— X {}luﬁ)t D ORK MVTTE
R & e KW SRIEHA S 1358 —¥T 5, BEKAATN
EDOREE BB LT hG, Jﬁbﬁﬁx*#(g), Q)X RR B0, %
WCART LI RH R AT 2RISR URE & 2 B,

Flux barrier

Stator diameter
(¢4 100)

2 SynRM DMKl (1/4 €7 L)
Fig. 2. Cross section diagram of SynRM (1/4 model).

# 1 3R SynRM D85 A — X
Table 1. Parameters of test SynRM.

Number of poles 4

Number of slots 12
Rated power 100 W
Rated speed 1000 r/min
Rated torque 0.95 Nm

Stator outer diameter 100 mm
Rotor diameter 51 mm
Axial length of iron core 30 mm

2 WE SR SynRM 0/ F 2 — 4
Table 2. Measured parameters of test SynRM.

Winding resistance R,=0.173Q

d-axis inductance L;=7.82—1.72 In (i;) mH

g-axis inductance L,=2.48—0.58 In (i) mH

Iron core loss resistance | R, = 0.00534»—1.34 In (i,) + 6.28 Q
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Fig. 3. Magnetic saturation characteristics of inductance.
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Fig. 12. Comparison of efficiency characteristics for three

magnetizing conditions (experimental results).
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