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Figure 1.1. Efficiency standards and grades by motor capacity (based on 4
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Table 1.1. Korea motor efficiency regulation standard and enforcement date.

0.75~15kW | 15~37kW [ 37~200kW | 200~ 375kW
Date 2010.7. 2010.1. 2008.7.
1IE2 — — — SNer oo
Efficiency | £8 : 87.5% | &8 :93% | &% : 95% e wla
[£3 | Date 2018.1. 2018.10. 2015.10. 2016.10.
Efficiency | S8 : 89.5% | 8 : 94.1% | 88 : 958% | & : 96.2%
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Table 1.2. IE4 class applicable electric motor.

Type 15~ 37kW 37~ 200kW 200~ 375kW
IM O [l (]
LS-SynRM O ] A
LSPM @) @) A

O: already in use, [ ]: possible, A: partially possible, x: impossible

¥ 13.1IB5S 5 3% 7l'+ dAs7].

Table 1.3. IES class applicable electric motor.

Type 0.75kW 37kW 250kW
M X x A
LS-SynRM L] A x
LSPM [] [] A

O: already in use, [ ]: possible, A: partially possible, x: impossible
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Table 1.4. Estimated time of commercialization of IE4 and IE5 class motors.
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Table 1.5. Estimated time of mandatory use of IE4 and IE5 class motors.
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Fig. 2.5. Equivalent circuit of SynRM.
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Fig. 3.12. Shape and magnetic flux density of the initial model.
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Fig. 3.13. Shape and magnetic flux density of SynRM models obtained as a result
of ANA application.
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Table 3.2. Requirements of an objective motor.

Requirement Value
Rated power [kW] 15
Rated torque [Nm] 79.6
Torque ripple [%] 10
Efficiency at rated operation [%] 95
Rated speed/Max speed [rev/min] 1800/3600
Yield stress [MPa] 414

¥ 33. W AE79 AR

Table 3.3. Specifications of an objective motor.

Parameter Value
Number of poles 4
Number of slots 36
Stator outer / inner diameter [mm] 240/170
Rotor outer / inner diameter [mm] 169.2/46
Air gap [mm] 0.8
Stacking length [mm] 205
Material of core 50JN290

¥ 3.3. ANA HA3 23 47 2de i B3 9 EIgE

Table 3.3. Comparison of the test function application results.

Model Average torque (Nm) Torque ripple (%)
a 90.04 18.64
b 85.79 24.34
c 89.54 22.99
d 87.76 18.45
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Fig. 4.1. Application example of ON-OFF method.
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19l 4.2. AW ON-OFF 71%e] A& .
Fig. 4.2. Application example of boundary surface ON-OFF method.
2T

0
1Y 43. ZAW ON-OFF 7oz & A mdo] gFign 245U 5,
Fig. 43. The shape and magnetic flux density of the optimal model obtained by the
interface ON-OFF technique.
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Fig. 4.5. Shape and magnetic flux density of smoothing technique applied model.
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X 41 HH3 RAo me Hd B9 EagE W
Table 4.1. Average torque and torque ripple change

according to the optimization process.

Model Average torque (Nm) Torque ripple (%)
Initial 80.22 48.10
NA 87.76 18.45
ON - OFF 90.02 28.11
Smoothing 91.24 11.21
Skew 87.01 6.65
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Abstract
Optimal Design of Industrial

Synchronous Reluctance Motor using

Topology Optimization
Tae-Hee Lee
Dept. of Electrical, Electronic
and Computer Engineering
The Graduate School

University of Ulsan

In this paper, a topology optimization (TO) that can be applied to the
optimal design of an IE4 (super premium efficiency) grade industrial
synchronous reluctance motor (SynRM) is proposed.

SynRM is a motor driven by reluctance torque utilizing the saliency of the
rotor. SynRM has a higher efficiency than an induction motor, and since
SynRM does not use a permanent magnet, therefore, has the advantages of
low price and high stability. The optimal shape that maximizes the
reluctance torque 1is difficult to explore with the existing parametric
algorithm because it is a complex structure. Therefore, TO is applied, which
1s a method to search for an optimal solution while changing the material
by dividing the shape into small cells. TO utilizes the fast convergence
performance of the parametric algorithm and the complex and diverse shape
search ability of the topology optimization technique, it consists of an initial
design using a parametric algorithm, mesh grid setting, and topology detailed
optimization using ON-OFF technique.

For efficient topology search, the improved niching algorithm was applied
to the optimization of the elliptic curvature constituting the air barrier of
SynRM to obtain an initial design plan and to create a mesh grid within the
design range. The boundary ON-OFF technique was applied to dramatically

reduce the number of analyzes required for the optimal solution search of
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the ON-OFF technique. Afterwards, the ratio—based planarization technique
was applied to the discontinuous structure to improve the performance of
SynRM and lower the manufacturing difficulty. Finally, torque ripple was
reduced by using the skew technique and mechanical stability was confirmed
through stress analysis. The proposed topology optimization was applied to
the IE4 class industrial SynRM optimal design to derive the optimal design

that satisfies the requirements.

keywords : niching algorithm, industrial motors, ON-OFF method, smoothing, synchronous
reluctance motor, topology optimization.
Student Number : 20205102
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