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Maximum Efficiency Operating Method of Synchronous Reluctance Motor Using Magnetic Saturation Model
Takaya Kato, and Toshihiko Noguchi (Nagaoka University of Technology)

Abstract

This paper describes a novel control strategy of a synchronous reluctance motor to achieve the maximum efficiency

operation. The key feature of this strategy is an optimal magnetization of the motor taking its magnetic saturation model

into account. The optimal magnetization condition has been proven to be a nonlinear function of the torque current,

which completely differs from a conventional condition, i.e. the magnetizing current equals to the torque current.

In this paper, a theoretical aspect of the proposed algorithm is developed and several experimental results are

presented as well as computer simulation results. These results demonstrate a superior performance of the proposed

method to that of the conventional technique.
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Table 1. Specifications of test motor.

Number of Poles 6
Rated Current 10.7(A)
Rated Power 1.0 (kW)
Rated Speed 1300 (r/min)
Rated Torque 7.1 (Nm)
Rotor Inertia 0.00416 (kgm?)
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Fig. 1. Magnetic saturation characteristics of test motor.
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Fig. 2. Equivalent circuits without iron-core losses.
(a) Equivalent circuit of d-axis. (b) Equivalent circuit of g-axis.

(b)
3 $KIBEAEE L-FHY T2 & v RE—F OFHEH
(a) d EHEAAEIEIRE (b) g EASHIEEIRS
Fig. 3. Equivalent circuits with iron-core losses.
(a) Equivalent circuit of d-axis. (b) Equivalent circuit of g-axis.
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Fig. 4. Magnetizing current characteristics (simulation results).
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Table 2. Comparison of efficiency characteristics (simulation results).
(%)

without iron-core losses
(/min)| (A) | =7 | i~i, | Ea. () | =7 | ir=i, | Eq.(12)
380 | 689 72.9 376 | 685 72.7
470 | 66.0 71.1 46.7 | 65.6 70.9
526 | 632 69.5 523 | 629 69.3
56.1 | 60.6 68.1 558 | 604 679
582 | 582 66.8 579 | 579 66.7
594 | 55.7 65.7 592 | 556 65.5
60.1 | 534 64.6 599 | 532 64.5
10| 603 { 51.0 63.6 602 | 509 63.5

with iron-core losses

O 0 3 N L AW

3570 | 828 854 538 | 802 83.5
4 | 658 | 80.8 84.2 63.1 | 786 82.6
5] 706 | 788 83.1 685 | 76.9 83.1
1300 | 6 | 734 | 770 822 716 | 752 82.1
71 751 | 751 814 735 | 135 813
8 | 760 | 732 80.6 747 | 718 79.6
9 (765 | 713 79.8 754 | 700 790
10 767 | 693 75.1 757 | 682 79.1
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Fig. 5. Comparison of efficiency characteristics without iron-core losses

(simulation results).

Fig. 6. Comparison of efficiency characteristics with iron-core losses
(simulation results).

(a) Magnetization condition: ;=7 (A). (b) Magnetization condition: i,= i, (a) Magnetization condition: iy =7 (A). (b) Magnetization condition: i,/= i,

(c) Magnetization condition: Eq. (8).

(c) Magnetization condition: Eq. (12).
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Fig. 7. Experimental setup.
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Fig. 8. Block diagram of RT-Linux based control.
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Fig. 9. Magnetizing current characteristics (experimental results).
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(a) BOREGAE - i=T(A) (b) BOREGRIE : i~ i, (c) BORESRIF : Eq.(8)
Fig, 10. Comparison of efficiency characteristics without iron-core fosses
(experimental results).

(a) Magnetization condition: i;= 7 (A). (b) Magnetization condition: i;= i,
(c) Magnetization condition: Eq. (8).

24

#3 EEEERONE (ERER

Table 3. Comparison of efficiency characteristics (experimental results).

Wy iy n(%)

(vmin) | (A) | &=7 | =i | Eq.(8)
3 | 347 | 47| 460
4 | 475 | 522 | 541
5 | 553 | 585 | 6Ll

600 6 | 619 | 604 | 639
7
8
9

636 | 636 | 671
658 | 627 | 682
66.1 | 61.1 68.0
10 | 665 | 61.0 | 683
3 42 | 469 | 469
4 540 | 545 55.5
5 568 | 63.0 | 596
1300 6 644 | 653 66.1
7
8
9

682 | 663 61.7
70.F | 703 702
710 | 684 718
10 | 71.7 | 680 72.7
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(a) BIREGRAE < iy= 7 (A) (b) BIBESRAE : iy= i, (o) WG : Eq. (8)
Fig. 5. Comparison of efficiency characteristics without iron-core losses
(simulation results). ‘

(2) Magnetization condition: i; = 7 (A). (b) Magnetization condition: i;= i,.
(c) Magnetization condition: Eq. (8).
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Fig. 6. Comparison of efficiency characteristics with iron-core losses
(simulation results).

(a) Magnetization condition: i = 7 (A). (b) Magnetization condition: i;= i.
(c) Magpetization condition: Eq. (12).
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(a) FHREGRIE 1 iy=T7(A) (b) TOWREERAF :iy=i, () MRS 1 Eq.(B)
Fig, 10. Comparison of efficiency characteristics without iron-core osses
(experimental results).

() Magnetization condition: i; = 7 (A). (b) Magnetization condition: i;=i,.
(c) Magnetization condition: Eq, (8).

SPC-04-20



