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Quantity PA44-5W-002 PA44-5W-001 PA57-2W-001

Number of poles, 2p 28 28 36

Number of windings per phase 2

Output power Fyye, KW 336 445 746

Peak phase voltage, V 700 530 7133

Rated speed, rpm 2860 5200 3600

Maximum speed, rpm 3600 6000 4000

Efficiency

at rated speed 0.95 0.96 0.96

Torque

at rated speed, Nm 1120 822 1980

Stall torque, Nm 1627 1288 2712

Continuous current

(six step waveform), A 370 370 290

Maximum current, A 500 500 365

Peak EMF constant

per phase, V/rpm 0.24 0.10 0.20

Winding resistance

per phase at 500 Hz, 2 0.044 0.022 0.030

Winding inductance

per phase at 500 Hz, uH 120 60 100

Moment of inertia, kgm? 0.9 0.9 2.065

Cooling Water and glycol mixture

Maximum allowable

motor temperature, °C 150

Mass, kg 195 195 340

Power density, kWikg 1.723 2,282 2.194

Torque density, Nm/kg 5.743 4.215 5.823

Diameter of frame, m 0.648 0.648 0.787

Length of frame, m 0.224 0.224 0.259
Traction, General

Application Drilling industry purpose
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Abstract

In the diesel electric submarines (DES), the submerged time and the capability of
noiseless operation in different speeds is of special importance. To attain this purpose, it
Is appropriate to design the propulsion motor efficiently and select the proper supplying
technique for the system using the battery banks in the various loads and speeds. To this
end, in this paper a specific control structure is introduced and analyzed so as to drive a
multilayer AFPM used in the submarine propulsion system along with the capability of
supplying the motor layers optionally in the various loads and speeds. The possibility
and manner of selecting the different layer combinations in a multilayer motor and
supplying them is performed regarding the montage algorithm and the amount of
angular shift among the different layers. The motor considered is a four layer AFPM
with the rated power of tow megawatts, rotating the variable load of the propeller used
in a small DES. Despite the ability of assembling and supplying a four layer motor with
three, six, nine or twelve phases, it is demonstrated that the best selection to satisfy such
an application is to supply it with a twelve-phase system. Afterwards, a novel algorithm
for automatic switching of layers is proposed to attain the maximum efficiency in
various speeds and simulate the motor transient dynamics together with the supply
system in MATLAB. Finally, the matters related to the motor transient operation during
switching of layers and the steady state characteristics in various speeds are studied.

Keywords: Low Speed Axial Flux Permanent Magnet Machine, Design Algorithm,
Analysis Modeling, Finite Element Method, Dynamic Performance Modeling, Drive
System.
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