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Design and Efficiency Characteristic Test of 340W Home Appliance Synchronous

Reluctance Motor

(Jung Ho Lee)

¢ bstract - This paper deals with an automatic design procedure for the maximum torque density and power factor in a
s nchronous reluctance motor (SynRM). The focus of this paper is the design relative to the number of flux barrier and
t e ratio Kw of flux barrier width to iron sheet width of a SynRM under the mechanical constraint.

The Finite Elements Analysis (FEA) has been used to evaluate the maximum torque density and power factor with
2.ch rotor shape. The proposed procedure allows to define the rotor geometric dimensions starting from an existing
r otor or a preliminary design. The maximum torque density and power factor of a SynRM has been resulted with the
rotor design variation. To prove the propriety of the designed SynRM, the Digital Signal Processor (DSP) installed
e <perimental devices are equipped and the efficiency characteristic test is performed.
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Fig. 2.1 The relation between input current and rotor
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Fig. 2.3 A cross section of the segmented type SynRM
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1) K,7F 03%4 9 EA44 Z3 (3 Flux-barrier Model)
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Fig. 5.1 d, g flux distribution of SynBM with Kw(0.3)
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Table 5.1 Inductance characteristics according to Current( K ,.=0.3)
current Ly L, Ls—L, | LJL,
1 218.62 47.93 170.69 4.56
2 217.15 44.49 172.66 4.88
3 213.50 37.84 175.66 5.64
4 201.24 34.96 166.28 5.76
5 178.86 33.29 145.57 5.37
6 155.25 32.12 123.13 4.83
7 127.69 31.22 96.47 4.09
8 107.75 3047 77.53 3.54
9 90.69 29.75 60.94 3.05
10 76.48 29.05 47.43 2.63
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Fig. 5.2 Inductances according to Current( K,=0.3)
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2) K7t 059 o E4384 23 (3 Flux-barrier Model)
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Fig. 5.4 d, g flux distribution of SynRM with Kw{0.5)
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Table 5.2 Inductance characteristics according to current( K,,=0.5)
current Ld L,, Ld‘ Lq Ld/Lq
1 21851 40.60 177.91 5.38
2 216.93 32.64 184.34 6.65
3 212.95 28.47 184.48 7.48
4 200.79 26.76 174.03 7.50
5 178.49 25.76 152.73 6.93
6 154.68 24.83 129.80 6.22
7 127.17 24.14 103.03 5.27
8 107.26 23.56 83.7 455
9 90.57 23.08 67.49 3.92
10 76.50 22.64 53.86 3.38
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Fig. 5.5 Inductancs according to current( K ,=0.5)
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Table 5.3 Inductance characteristics according to current{ K ,=0.8)
current L, L, L,—L, | LJL,

1 218.31 43.61 174.70 5.01
2 216.45 27.46 188.99 7.88
3 212.10 2399 188.11 3.84
4 198.86 22.37 176.49 8.89
5 173.64 21.22 152.42 8.18
6 147.09 20.30 126.70 725
7 119.45 19.62 99.83 6.09
8 98.54 19.07 79.47 5.17
9 83.37 18.62 64.75 4,48
10 72.12 18.24 53.88 3.95
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Fig. 5.8 Inductances according to current( K,=0.8)
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4) K,7t 1.09 o 5484 A3} (3 Flux-barrier Model)

(a) d& AHH= (b) gF A{KAE
12 510 K7t 1.0¢ © d, g& XSME
‘ig. 5.10 d,q flux distribution of SynRM with K ,,(1.0)
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5.2 At%5 EHES 47 AIB5t B2

1) K,7F 034 d 54314 A3 (4 Flux-barrier Model)

(a) d&F ASAx (D) ¢F A&HAE
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Fig. 5.13 d,q flux distribution of SynRM with K (0.3}

I. 54 M7of i odgelAs EM(K, =10
‘able 5.4 Inductance characteristics according to current( X,,=1.0) % 55 MEol wE olHEA EM(K,03
current Ly L, Ly—L, | L4L, Table 55 Inductance characteristics according to current{ X ,=0.3)
1 218.18 40.43 17775 5.40 Current Ly L, L,—L, Ld/La
é gggg ;2-(1)2 gg-gg gg 1 21864 7092 14772 3.08
. - - - 2 217.18 35.64 181.54 6.09
4 192.82 20.39 172.43 9.46
5 159.65 19.23 140.42 8.30 3 21‘?':1)2 :;2’07 181 2:33 22?
6 126,01 1837 10764 6.86 4 201, 0.60 170. :
7 104.40 17.71 86.69 5.89 5 17879 2981 143 98 6.00
8 8872 17.18 7154 5.16 6 155.08 29.30 125.78 5.29
9 75.70 16.77 58.93 451 7 12752 2894 98.58 441
10 66.00 16.44 49.56 401 8 107.63 28.66 7897 3.76
9 90.65 28.40 62.25 3.19
300 10 76.47 28.16 4831 272
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1ig. 5.11 Inductances according to current( K,=1.0)
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Fig. 5.12 Inductances
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Fig. 5.14 Inductances according to current( K,,=0.3)
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2) K7 05¢ 9 5484 23 (4 Flux-barrier Model) 3) K,7t 089 o 5484 A3 (4 Flux-barrier Model)

(@) dF AHA = (b) g% A&

33 5.16 K7} 05¥¢ O d, g& AZ{ME
Fig. 5.16 d.q flux distribution of SynRM with K, (0.5)
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Table 5.6 Inductance characteristics according to cument( K,,=0.5)

A

=

(a) dF AHA = M) aF AHHE

a3 519 K,7t 08Y Of d, qF ASME
Fig. 5.19 d,q flux distribution of SynRM with K,(0.8)

E 57 MFol i eldeA EM( K,=08)
Table 5.7 Inductance characteristics according to current{ X,,=0.8)

Current Ly L, L,—L,| LJL, Current L, L, L,—L,| LJL,
1 218.24 50.24 168 4.34 1 218.26 43.47 174.79 5.02
2 216.36 25.92 190.44 8.35 2 216.31 25.92 190.39 8.34
3 211.89 22.20 189.69 9.54 3 211.89 22.20 189.69 954
4 197.42 20.52 176.90 9.62 4 197.56 20.52 177.04 9.63
5 170.27 19.66 150.61 8.66 5 170.30 19.66 150.64 8.66
6 140.84 19.14 121.70 7.36 6 141.13 19.15 121.98 7.37
7 115.34 18.78 96.56 6.14 7 115.58 18.79 96.79 6.15
8 95.58 18.53 77.05 5.16 8 95.79 18.53 77.26 5.17
9 81.19 18.34 62.85 4.43 9 81.32 18.33 62.98 4.44
10 70.46 18.18 52.28 3.88 10 70.60 18.18 52.42 3.88

300 300
| T ——1d — 200 ——Ld
%- 200 - E 200 i
= 150} = 150}
g I
-5" 100 - 3" 100 \.\\
50+ \ — 50} ~__
0 . . : A o . R ‘ ,
0 2 4 6 8 10 0 2 4 6 8 10
current [A] current [A]

a3y 517 dRoll ug odeA EM(K,=05)
Fig. 5.17 Inductances according to current( K,=0.5)
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Fig. 5.20 Inductances according to current( K,,=0.8)

240 12
[Kw=08
200} o 410
N —»Ld-Lgq
% 160 ’ o -Ld/Lq 18
o
= 120 s =
L =
o
= 3
L}
- 80} - s
T~
40} {2
) : 0
0 2 4 6 8 10
current {A]

ad 521 Mo wE elygs A Ateb vi( K,=0.8)
to Fig. 521 Inductances ratio and difference according to
Current ( K,~0.8)



4) K,7} 109 o S48 A3 (4 Flux-barrier Model)

(a) d& A&HHNE (b) g& ASHE
a7 522 K7t 1.08 f d, g& ASME
Fig. 522 d,q flux distribution of SynRM with K, (1.0)
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able 5.8 Inductance characteristics according to current( K,,=1.0)

Current L, L, L,—L, LjL,
1 217.96 39.22 178.74 5.56
2 21557 24.79 190.78 8.70
3 209.02 20.99 188.04 9.9
4 186.46 19.35 167.11 9.63
5 151.66 18.50 133.16 8.20
6 121.42 18.00 103.42 6.75
7 101.07 17.63 83.44 5.73
8 87.01 17.35 69.66 5.01
9 74.62 17.08 57.55 4,37
10 64.76 16.94 4781 3.82
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7523 MR we oA EM(K,=10)

Fig. 5.23 Inductances according to current( K,,=1.0)
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6. Synchronous Reluctance Motor2|
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Fig. 6.4 Prototype of A experimental system
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Fig. 6.7 Rotor and Stator Prototypes of SyNRM

e

a8 68 =8 & SynRM
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Table 6.1 Efficiency characteristics at id = 3A, 2000rpm

3t dY[ |8 52&l| ARGy | FAF| Ftz
[kg-cm] | W] | W] | %] [A] [A] (deg.)

6 157 (122 | 777 247 1.56 281
205 | 163 | 79.5 2.7 2.15 36

85 293 | 245 | 836 34 3.45 487
9 348 | 286 | 82.2 38 419 54.2
10 248 | 204 | 823 3 2.76 42.7

id=3[A], 2000 rpm
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Fig. 6.9 Efficiency characteristics at id = 3A, 2000rpm

E 6.2 id = 3A, 3000rpm oA 2l 58 &4
Table 6.2 Efficiency characteristics at id = 3A, 2000rpm

w3 |99 | &9 |mel| ARG (WA Fa2
(kg-em] | (W1 | (W] | %] | [Al | [A]l | [deg]
223 | 183 | 82 2.5 1.56 27

288 | 245 | 81 275 2.16 354

85 420 | 367 | 874 345 3.52 489
9 492 | 429 | 872 39 429 54.7
10 353 | 306 | 867 31 2.8 427

id=3[A], 3000 rpm

85 ] Z////// 773 _ 777
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a3 6.10 id = 3A, 3000mpm olAMe &8 E4
Fig. 6.10 Efficiency characteristics at id = 3A, 2000rpm

B 6.3 id = 2.5A, 1000rpm oflA{e] &8 &M
Table 6.3 Efficiency characteristics at id = 2.5A, 2000rpm

X3} 99 | 29|88 | ARl |, 2[A] 3tz
[kg-cm] | [W]| [W] | [%] [A] =T [deg.]
4 59 40 | 678 2 1.28 284
6 83 60 | 723 2.3 1.97 39
8 108.3| 81 | 748 2.1 2.7 473
10 1386 101 | 72.8 3.2 352 54.4
12 17151 122 | 711 3.7 44 60

id=25[A], 1000 rpm
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AL
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a3 6.11 id = 25A, 1000mpm olAMe] &8 4
Fig. 6.11 Efficiency characteristics at id = 2.5A, 1000rpm

x 6.4 id = 25A, 2000mpm ollAMel a8 M
Table 6.4 Efficiency characteristics at id = 2.5A, 2000rpm

woh (9|89 | 58| ARG | g0 PO
(Kg-em] | [W]| W [%) | [A] |© [deg ]
4 1073] 81 | 75 21 1.29 28.3
6 150.8| 122 | 80 2.35 2 39.2
8 198 | 163 | &2 2.8 2.77 479
10 246 | 204 | 83 33 3.65 55.2
12 312 | 244 | 78 39 47 61.5

50




85
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Fig. 4.12 Efficiency characteristics at id

8
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ER 45 id = 25A, 3000mm oMo &
1able 4.5 Efficiency characteristics at id = 2.5A, 3000rpm

10 12
= 2.5A, 2000rpm
g 54

va 9| 2| s ] A [ya | a2
[kg-cm] | (W1| (W) | (%] | (Al |* [deg.]

4 152 | 122 | 80.3 2.1 1.3 275

6 220 | 183 | 83 2.37 2.03 38

8 301 | 244 | 81 28 2.85 484

85 312 | 260 |83.33 3 3.1 50.8

9 337 | 275 | 816 3 3.3 52.6

95 352 | 290 | 824 3.2 3.52 54.4

10 355 | 306 | 86.2 3.36 3.76 55.9

2 435 | 368 | 846 405 491 62.6

80

id=2.5[A], 3000 rpm

Efficiency (%]

B 6.6 id = 2.5A, 3600rpm ofiAe] &

4

Load [ig-Cm]
18 6.13 id = 2.5A, 3000rpm olAMel &€ 54
Fig. 6.13 Efficiency characteristics at id = 2.5A, 3000rpm

£ 54

Table 6.6 Efficiency characteristics at id = 2.5A, 1000rpm

P59 E | 5E | ARG | 4ol T
[kg-cm] | [W] | (W] | (%] | (Al &7 [deg.]
6 262 | 220 | &4 2.56 2 358
8 336 | 294 [ 875 3 2.85 46.1
85 354 | 312 [8813] 306 3.1 48.4
9 370 | 330 | 89.2 3.22 3.27 50.3
10 421 | 368 [874| 36 3.82 55
SR 340WS SUIE A ME2| dA 2 g8 A
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id=25[A], 3600 rpm
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Fig. 6.14 Efficiency characteristics at id = 2.5A, 3600rpm
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