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Air—-gap Control According to Y and Delta Connections of Double-sided
Air-gap Permanent Magnet Synchronous Motor with

Independent Three-phase Structure

Chan-Nyeong Heo' and Seon-Hwan Hwang™

Abstract

This paper presents air-gap control according to Y and Delta connections of a double-sided air-gap
permanent magnet synchronous motor (DA-PMSM) with independent three-phase structure. In particular, the
DA-PMSM used in this study can be applied to low-speed and high-torque applications, such as wind turbines,
tidal power generations, and electric propulsion ships, because of its modular stators and a rotor with numerous

permanent magnets. Unlike conventional three-phase machines, the DA-PMSM has a symmetrical configuration

with double-sided air-gap. Therefore, Y/Delta winding connections and serial/parallel configurations between

stator modules are possible. To identify the DA-PMSM operating characteristics, mathematical modeling is

analyzed according to the Y/Delta connections. Moreover, air-gap control performances by applying the winding

connection methods are verified through experimental results.
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Fig. 1. Structures of double-sided air-gap permanent magnet synchronous motor(DA-PMSM).
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Fig. 2. DA-PMSM with 12-phases.
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Fig. 3. Equivalent circuit of independent 3-phase stator
modules with Y connection.
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Fig. 4. Equivalent circuit of independent 3-phase stator
module with delta connection.
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Fig. 5. Control block diagram of DA-PMSM.
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Fig. 7. Experimental setup of DA-PMSM with double-sided
air-gap.

TABLE 1
ELECTRICAL SPECIFICATION OF DA-PMSM
Parameters Value
IGBT (PM100CSA060) 600[V1/100[A]
DC Link capacitor 4700[uF1/400[V]
Input reactor 5[mH]
Total Air-gap 6.23[mm)]
Switching frequency 10[kHz]
Processor TMS320VC33, FPGA
Total rated power 12[kW]
Stator resistance 4.152[Q]
Stator inductance 291[mH]
. - Quter diameter : 1.3[m]
Diameter .
- Inner diameter : 1[m]
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Fig. 8. Speed control under Y connection.
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Fig. 9. Speed control under delta connection.

iqes_ yl\ 10
' ; . - [A]
ljs‘_ yl /
L -10
- 8
x\ [mm]
)
“{ - 10
[rpm]
| l_ 0
0 [sec] 10
Fig. 10. Detected air-gap length on front side.
- e - 10
lgs y1
N\ i el |
ides_ yl /
L -10
Ruase - 8
7
X [mm]
)
(07
- 10
A [rpm]
| l_ 0
0 [sec] 10

Fig. 11. Detected air-gap length on back side.
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Fig. 13. Speed and air-gap control under delta connection.
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