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Design and Analysis of Permanent Magnet Motor for Marine Integrated Pump
JIANG Chao, QIAO Mingzhong, PENG Wei

(College of Electric Engineering , Naval University of Engineering , Wuhan 430033, Hubei , China)

Abstract: According to the special requirements of the ship pump system for the volume and noise of the
motor, the marine pump self-starting motor was designed and manufactured. Time-stepping finite element method
(FEM)was used to calculate the starting and steady-state performance. The influence of the load type and inertia of
the system on the starting time, and polar arc coefficient on the torque pulsation were analyzed. The motor steady
state efficiency was compared with that of the asynchronous motor. The experiment verifies the accuracy of the
calculation model. The results indicate that the starting time of self-starting permanent magnet moter is shorter when
driving water pump load. The starting time is increased with the inertia of system increasing. The reduction of the 5
and 7 harmonics content of air gap flux density is beneficial to reduce the steady state torque ripple of the self-
starting permanent magnet motor. The copper loss of the starting cage during steady state operation cannot be
ignored. The self-starting permanent magnet motor that the starting cage is under the permanent magnet, has better
steady state performance under the premise of ensuring starting performance and is more suitable for supporting
marine pump.

Key words: permanent magnet motor; marine pump; time-stepping finite element method (FEM) ; starting
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Fig.1  Structure of self-start PMSM
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Fig.2  Waveform of no-load air gap flux density

R A B Sk R L HLAY TSR AR
KR A TR B RIS , A S HP FL L AR A S L S4B
TRUE A R [ B R g A A T 0 i R R
ROV, A B FL B RE SV A K R R Pt T AR B Sy
75 CHERYBITHE R 210 V., HHLLEAR T I &
FEF AT I PRk B L H P A = U, R A FROT
LR RN 28 S r HtE an &l 3 B



WA F MR — R R AR IR AR

WA 20215 H514 Fl6H

01 é :I% ;1 g 6.) ; é ‘I)1I0111I2131|41I5
WU
3 Az sk i
Fig.3 No-load line back EMF by simulation
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Fig.4 Experimental prototype
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Fig.5 Experimental voltage waveform
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Fig.6  Stator circuit
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Fig.7  Current of starting process
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Fig8  Speed curve with different load type
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Fig.9 Speed curves with different moment of inertia
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Fig.11 Steady-state loss
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Fig.12  Steady phase voltage and phase current

[33
=)
T T 1

R 1 st

AR A K (E/ A

1 234567 801011121314
it 2N

K13 s AE

Fig.13  Steady current spectrum

5 BHETEXNRAB BIIAREE
MAF BT

FT R AR Sk GRS S PERERR R
TSR K, 1S 3 28 B 5K A R sk g
PUR SIPEREND K RS SIS (A T T A% 4%
SRR SE PR B, AR SCR LS 30 78 00 8 i
XM A B R Sk g i ALEEAT 1 R R B

5T
BT A R Shk G AL 2T S 38U
LS IRUELANIZ AT 25 10 5 IR L PR — 2, (SO

T LR MR S5t kA7 TR, il 14 B

No JABNE T E R ARG, il s

/NI Bk B R S D AR TR B S SR BRI 55

RAT LI Re FH 2R 0 2 - WA , BB (o b 8] A A 5
8

FRBONXS AT 7RI 0 5 2 Y 14 1
RO LRI 55 L T AR B I 5 B /NI A 3R
Bt 37 , Wl NG 2 1) B R Dk 2l vl 1 M P R D
PR, R m A S ERE . B BB R K e 1A —
TR B B BT 45 B OB A
PPE R FEROR , A SCHBO T AR A A 3h
KWk PR i O AN N B TR+ R Z2 T 07, ek
PR FE M5 R BT AR AT B 1 SRR G 2
B, kG TP i AR FE

14 PR B FUR SR RER) L e HLES Y
Fig.14  Structure of adjusted self-start PMSM
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