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Abstract The reliability and volume of the propulsion motor are required strictly in underwater vehicles. The
integrated motor propulsion (IMP) system adopts the sensorless control technology, which can reduce the volume of
the electric propulsion system and improve the reliability of the system. In the vertical propulsion system, the
dynamic response of the motor system is highly required. In order to improve speed response of the sensorless
controlled permanent magnet synchronous motor, the dual dq coordinate switch strategy is adopted to integrate the IF
start and the sliding mode observer(SMO). This scheme can improve the starting smoothness and shorten the starting
time, which is validated by the comparative experiments.
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Fig. 1 Sensorless vector control of PMSM
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Fig. 2 Diagram of the SMO
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Fig. 3 Relationship between IF coordinate system and
observing coordinate system

T A\ 28 7 WL dq AR TR ZR SR IR 25 1 4 0
138 EEHL@@&@P B, SMO a] LR B
ST B, SORE SMO B AR BT 2R dg 5 SeBrAk
PRER dg Bty EIFBHIT, MT d'q —inRE dg
NAKTR R Z MBI FETE SR BE 2% AO, H TF #5445 5]
R R PR BB, o P R P sh B 5 Bk
B MR E VIR EE . IPRIARE, @ g AL
T MRALLY dg Heki 2 b, DI RT J5 vRL I 40 1Y
KANFI T o IR, R

{zq =iy =l cosAO

\ (10)
id = ld'* = _lq* Sil’lA@

DI R ARG, B W NE] 0, SERK
AL B i . SMO [n] TF )48 A b A 2o 2 1) 30 1 7
KU mt 200 g B RAE 4 . BTHRIR(EL 1F
RZS, LB SMO F| IF B-F- 3 D4 . Z Vs mg 5
SEBRIZATHY IR R /NTE G, BRI B T A5 R IRAY
BALRS . T RA IF fEsh%Eg, RILfELE IF
BATRCRAL . nvsek 37 B A B .

Wit 1 kW £ HIEN RS, FFXTASCRTR
FH ) T A7 e 4 o) B 2 AU 48 5 2R 4 B0 IE o L AL 5
SEFEH R 1200 r/min, BHUEFHEE RN SN - m, RE
HEHHL RN 270 Vo #8452k H TMS320F28335 1
BN R, AR AR AR R AL (IPM),
TF A%k 10 kHz,

FHLA 4 St 5 N - m #1 8 N - m 13k
I, SR AL G/ IN H P 2K o M 1 1) 46 SR s 1 o7
HIIE A RmE 4 fE S Fioc, 765 N - m gk
FAE R LA IF VI 2 SMO i #E i, Lk B
KR ETE 5 ae 2 A fa e 2 SMO #2171, IF H
TE 22 UK DN P 4 2R 25 HH B 7] 48 2 I S 35 R L 2K 2
ME ., E8N -mMEL ST, IF & SMO Ul
of B LR BB AL, H 2R R
B, LT R R D R s . R
KR IF 5 SMO Z it #2 i, Yl mg
14 328 B ) 1) A ML) A 08 T, DR T HLAILN A
ARSI ACHTPERE o %5838 i B AP e/ L I 17
2 A T UEA T Y40 0 SR N A TR B % ik B
SR, YA R K 1 R) R

11

W W 0 25 KA

IFZ3 S E AV

e
/ ! i /
,_ //,f///// SV

SMOFHSEAL

IFBE o | SMOHC
(100 ms 7252V 1
1.00 V @ .00V | &»-+&® o 70.54 m° 116:24:37

4 YIHRIIIE PRI Eh
Fig.4 Speed disturbance when switching from IF to SMO

- & W
IFZS e SMOfHFEALE:
Yy . r’%*}l?iﬁ?
\WWM
S |y SMOBER
[200 ms 7250V )
& Lo\ LoV |ems@Bo 2110 [a223 |

5 PidiEPREY
Fig. 5 The motor is out of step when switching from
IF to SMO



- 250 -

$F B S KT Kb

Kl 6 R A SO R Y XL dg A6 bR 22 0] 35 5
ISR AR, AL HUE R 8 N - m AEGE D),
IF 2 SMO U] LIS i Ul , DIl s % 87 12
T sl , I H 2 0N A e ALY RE DR P i Bl
RS RE BT o M B L HLHERE R GE AT /K e B Al
IESCEEIN, MRS SRR R AA SO s
IEHAALR I R AT B sh SRR PE IR E M , 6 AL VAL
e R AR AL R G 2K

= - W7 B B O A
SMOA A
. / 14 4 -1 - E 5 ;
‘./ :/ f. ;':I M T T
Yl
( { / :
= \ s
Foetm  PEL <« SMOBIL
[200 ms & 7252V 1
& 100y & 0 Jesreo iem [T

El6 W dgHirzRTHTEYHR
Fig. 6 Smooth switching under the double dg frames

B TR T K B S A 2 B AR 4 1
TR, 2 4 FFE AR RAE, RV T X
Bk ATEEE R . PEREARRE

4 ZERIF

>R I A7 B A SR 42 1 7k i [0 2 i AL ) P A
i S AL R GE AT ARV L RO | il SRk
T S0 o AR SCBCTE 1 LTI AL 5 (14 7 G [7) 25
HHLCA B R SE, 8 %t ALk 3 ad 72 09 B
F, MRHBOR A IF £33 By SMO Jofi B 4%
il R dg HebR 2 AU SR SE L T TF 42 4]
SMO I JCHE I, $R-TF T R ErE
PR o WIS REAIE T2 RGEA RIFIZES
PERE, REMSTN LI ATAREE R LR

£ % 3Tk

[1] ke &, PMFKER, S HEmS. X5 5 nd s ALtk 28 0F 5%
[J]. MRALEHOR, 2012, 34 (12); 59-62.

(2]

(3]

(4]

(6]

[10]

[11]

Lk, AFE, RABL. FAUKT LR LHEHS &1
FERHLHLFZE[D]. SR AL, 2005 (1): 8-10.
VFZRRE. KT AL N e 7E R BB [T]. Bl
AL, 2021 (4): 58-63.

O, wEE, B, § AT ERESNKT
AUAT AR HEE R GEMTIE ], S S ) ek, 2021, 41
(6): 106-111.

KIM H, SON J, LEE J. A High-speed sliding-mode
observer for the sensorless speed control of a PMSM[J].
IEEE Transactions on Industrial Electronics, 2011, 58
(9): 4069-4077.

WU C, CHEN Z, CHEN Q. Hybrid-modulation-based
full-speed sensorless control for permanent magnet
synchronous motors[J]. IEEE Transactions on Power
Electronics, 2022, 37 (5): 5908-5917.

TANGY, XUW, LIUY, etal. Dynamic performance
enhancement method based on improved model
reference adaptive system for SPMSM sensorless
drives[J]. IEEE Access, 2021, 9: 135012-135023.
ZHANGY, YINZ, BAIC, et al. A rotor position and
speed estimation method using an improved linear
extended state observer for [IPMSM sensorless drives[J].
IEEE Transactions on Power Electronics, 2021, 36
(12): 14062-14073.

QUANG N K, HIEU N T, HA Q P. FPGA-based
sensorless PMSM speed control using reduced-order
extended KALMAN filters[J].
Industrial Electronics, 2014, 61 (2): 6574-6582.
AN Q T, ZHANG J Q, AN Q, et al. Frequency-

adaptive complex-coefficient filter-based enhanced sliding

IEEE Transactions on

mode observer for sensorless control of permanent
magnet synchronous motor drives[J]. IEEE Transactions
on Industry Applications, 2020, 56 (1): 335-343.
Erbk, skEE, STRRE, S KEER A LI AL E
fEREHR G R S )], T E L TR, 2012,
32 (24): 103-109.

Xitde, Bk, ZEH, 5. IF EHE55 AR
i 1 7K f 7] A6 v BILTC AL A SR A 52 5 4 11 SR ().
T ARZAR, 2018, 33 (4): 919-929.

(REHE: B



