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Experimental Characterization of High-Temperature Superconducting Linear Motors
for Application to Ropeless Elevators
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I have been engaged in research to evaluate the characteristics of the
high-temperature superconducting linear switched reluctance motor (LSRM) for application to the
next-generation ropeless linear elevator. First, the experimental machine with a total length of
about 1.3 m, a thrust of 10 N, and a speed of 0.3 m/s was designed using the finite element analysis

and fabricated excluding the moving part. In addition, the drive system consisting of the inverter
system and the DSP control system, and the power measurement system were fabricated to evaluate the
characteristics by experiments. Furthermore, the performance was compared with that of the
conventional normal-conducting LSRM for the ropeless linear elevator by the finite element analysis,
and it was clarified that the superconducting coil needs to be low-loss to improve the efficiency,
but has the advantage of significantly improving the thrust density compared to the
normal-conducting LSRM.



PMLSM

LSRM

LSRM

LSRM

HTSLSRM

HTSLSRM

170A  @77K

PMLSM
LSRM
LSRM LSRM
LSRM HTSLSRM
HTSLSRM
LSRM
HTSLSRM
HTSLSRM
HTSLSRM
HTSLSRM
HTSLSRM
HTSLSRM
Bi-2223
LSRM
Bi-2223
Bi-2223 HTSLSRM
HTSLSRM
LSRM
DSP
170 LabVIEW
LSRM
LSRM  HTSLSRM
HTSLSRM

HTSLSRM Bi-2223

2 HTSLSRM



LSRM 3 LSRM
2 HTSLSRM
LSRM 4 8/6 3
6/4 HTSLSRM
1 HTS
HTS
3
1.5m
0.3m/s 0.1mm
2 HISLSRM with woa core
,
0.2m/s? 10N -
rm# =N
Bi-2223 G
DI-BSCCO Type HT-NX  4.5mm = =
0.31mm =
1.5m 2 =
0.4m B
8/6 77K G
2007 6/4 170A Bi-2223 _—
HISLSRM withowt woa core
2 2 LSRM mm
LSRM
60mm 10N
1 LSRM HTSLSRM
LSRM 1 4 8/6 3 6/4
HTSLSRM 4 8/6 3 6/4
3 6/4
1 LSRM
four-phase 8/6 pole three-phase 6/4 pole
HTSLSRM HTSLSRM Cnventiona HTSLSRM HTSLSRM Cnventiona
without iron core| with iron core LSRM without iron core| with iron core LSRM
Loss 10N 0.3m/s 3.67TW 1.84W 16.9W 153w 0.33W 14.4W
Motor effiency 10N 0.3m/s 25.20% 34.70% 8.40% 39.40% 49.40% 9.60%
3  6/4 LSRM
JSOL JMAG-Designer
Simplorer LSRM
LSRM 0.2m/s? 0.3m/s 20V
0.82m
1.3m 1.5m
Bi-2223
77K 190A
700g
3
3 6/4 HTSLSRM 40mm 3
40mm 93% 4 40mm
0 700g

600g



200 Lee o 9 3 s
150 @ B
<

100 -~ B

50 - B

0 | | | | | |
30 40 50 60 70 80 90 100
[mm]
3 Bi-2223
Bi-2223
HTSLSRM
56 48
LSRM
1.3m 5
0.35mm 35A300
1
HTSLSRM
50A
DSP
6
LSRM
H DSP
SBOX 11
unc
DSP LSRM
DO
DSP  PI
D/A
LSRM
1/0 LabVIEW
1/0
LabVIEW
LSRM
LSRM 7
3 LSRM Pe
s
LSRM

HTSLSRM

200 ‘ ‘

T T T T
[ ] [} [ ] [ ) o [ ] [ ) [ )
__ 150 | _
<
100 |- .
50 - :
0 L L L L L L
0 100 200 300 400 500 600 700
[d]
4 Bi-2223
40mm
IA Y —RY =7 a—Zm]Y T )
y=FHA K

BEIESIEREbE:

R

DSP OMAP-L137 EVM
* Mover position detection

« Mover speed calculation
 Excitation switching command
Pl regulator

o Command current calculation

@

Pi M

LSRM

5
60mm 1.1m
2022
XA XX Sa.IJ S]UJ SCUJ
@ 16
X XX ] ] 1
: i f S b f S i} 4 S
Gate drive
circuit
—] 5
A-phase B-phase C-phase

HTSLSRM
[ Postion o]




100

(©6) Sy Ny Aous o

[e¢] te] m N o

70%

70%

500turn

50%

70%
420turn

70%  50%
HTSLSRM with mover iron core

250turn 330turn
LSRM

860turn

50%

70%
720turn

50%

70%
HTSLSRM without mover iron core

70%
420turn 570turn

™ N - o

(M) 'd °d'sso
o

< N o

(N>) 4 1snuyL

3



Tadashi Hirayama, Shuma Kawabata -

Characteristic Evaluation of Linear Switched Reluctance Motor with High-temperature 2022
Superconducting Excitation Windings for Application to Ropeless Linear Elevator

Proc. the 2022 International Power Electronics Conference (IPEC-Himeji 2022 -ECCE Asia-) 589 594
DOl
2 0 0
2019
2019
/
2020




https://ris.kuas.kagoshima-u.ac.jp/html/100005328_ja.html?k=%E5%BO%B3%ES%B1%B1

https://ww.eee._kagoshima-u.ac.jp/~kawabata/




