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Mathematical Derivation of Excitation Condition to Realize Maximum Efficiency Operation of
Synchronous Reluctance Motor and Its Experimental Verification
Naoki lizuka , and Toshihiko Noguchi (Nagaoka University of Technology)

This paper describes a maximum-efficiency control method of a synchronous reluctance motor, where magnetic saturation and
iron loss of the motor are taken into account. The method is based on a simple mathematical model of d- and g-axis inductances
with respect to the corresponding axis currents and the maximum efficiency can be obtained by appropriate control of a
magnetizing current i, associated with a torque current i,. In the proposed strategy, an optimum magnetizing current is
mathematically derived as a nonlinear function of i, and is obtained by an off-line calculation with a derived equation.

In this paper, theoretical analysis of the proposed approach is developed, and then, performance of this maximum-efficiency
operation is experimentally examined in comparison with the conventional techniques. As a result, a good agreement was found

between optimum operating conditions experimentally sought and theoretically derived.
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Fig. 2. Equivalent circuits without iron-core losses.

(a) Equivalent circuit of d-axis. (b) Equivalent circuit of g-axis.
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Fig. 3. Equivalent circuits with iron-core losses.

(a) Equivalent circuit of d-axis. (b) Equivalent circuit of g-axis.

32
Fig.2

(7 ®
2 a +Re
_Vd:| Rcz R, +a)deLq 3 —a)qu
T2, 2
Ve Re+o,LyL, o,L, R, +wpL L, Rt R
RC
l(’l _ RL RC a)qu g (8)
_l;, Rz n a)fnLqu _med RC g |
T
(©)
T= Re (Ly —L,)(R.iy + @, L,i, YR, — @, Lyiy)
- P 2 7 \d T g ctd m=qq — Ymtdtd
(Rc +C()deLq)
.................................................................................................. )
T (10)
n (1)
R2
T= ¢ (Ly =L Vgl e (10)
R} +w,L,L, e



1

I I Vi
n= OnlLa = Ly)idiy e (11) Table 1. Specifications of test motor.
{Ra +opL,L, R"RERC}(ij +i))+ o, (L, — L)igi, Number of Poles 6
¢ Rated Current 10.7 (A)
(10) (11) Rated Power 1.0 (kW)
R - T (3 n Rated Speed 1300 (r/min)
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Rotor Inertia 0.00416 (kgm?)
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(a) Single phase AC excitation method.
(b) DC biased excitation method
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Fig. 4. Magnetic saturation characteristics of test motor.

(a) d-axis inductance (b) g-axis inductance
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Fig. 5. Measured iron core-losses equivalent resistance R..
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Fig. 7. Optimal magnetization characteristics (simulation results).

(a) without iron-core losses. (b)with iron-core losses. (1300rpm)
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