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Online Parameter Estimation of SPMSM using Affine Projection Algorithm

Byung-Hun Moon', Hyoung-Woo Kim!, and Joon-Young Choi™

Abstract

We propose an online parameter estimation method for surface-mounted permanent-magnet synchronous
motor (SPMSM) using an affine projection algorithm (APA). The proposed method estimates parameters with
two APAs based on the discrete-time model equation of SPMSM during motor operation. The first APA is
designed to estimate inductance, and the second APA is designed to estimate resistance and flux linkage.

However, in case when the d-axis current is controlled to 0A, the second APA cannot estimate resistance and

flux linkage simultaneously because the matrix rank in APA becomes deficient. To overcome this problem, we

temporarily inject a negative reference current input to the d-axis control loop, and the matrix in the APA then

becomes full rank, which enables the simultaneous estimation of resistance and flux linkage. The proposed
method is verified by PSIM simulation and an actual experiment, and the results reveal that SPMSM
parameters can be estimated online during motor operation.

Key words: APA(Affine Projection Algorithm), Online parameter estimation, PI control, SPMSM(Surface-

mounted Permanent-Magnet Synchronous Motor)
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Fig. 1. Structure of SPMSM control system.
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Fig. 3. PSIM schematic for simulation.
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Fig. 4. SPMSM parameter for simulation.
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Fig. 5. Simulation result of inductance estimation.

& 4 9la, o] wigow A (69 AFH A& F
Aotk A dF ARE 002 Ao ﬂ 2 (6)
oM ¢ YL ALt FFH387 Qo] X
T 79 e AssA =A-3 %ir/]_ SE
3 EAES e dslr] Yste] R ;L

Afis dAHoz Qvtste] Ag F
of A} &g FAT F vk

J}'N O{N md
o,
5
=2
o
1o
o,

a2 st

A=

4. PSIM 2 2|4 ¥

_’j_a 3__ PSIM U,]/ﬂ‘d-] E}\]EO]]:}‘ 01——7134%_ l-é_
2 Visual studio 20175 ©]-83}9 DLLZ F-d3}5th

a7 4= oAl AFEE SPMSM sl gk
ol g 5& Qg 34 medy Avelrh 17
Sa)e EH7F AdH o o 2d A4S o] &ste] <Y
d2g A ol ¥ 51 APA 44 ¥ 37
e Axo] 743 AFRE Jehdy %7 AASa94
lEEl A 7t 825mHE AIE A A= AL AZEE)
a3

a9 62 A AL F4 Aot d= AwE ¢

7¥al7] Aol (6)A o0& FAHE APAMA 32 HAi
st AR AL gho] FAHBRE o] o= A
FAE = AAY HolAgt AFEEL FAZ Ay}
4= 27(4 %;EO] Nzﬂ ﬁog o].;(] OJ-l: 7334_3—: 1,]_
Yz ot 28y 4% 10rad/s]lE +% F 1%
AR dFel (DIA AFE A7k AN AL S5
/b BASA R N &EEE ZutE fAgon gy}
AL s AgsHA FE5 AS5S 9Ttk

APAS| e 244 ()E THa] AHNE dg

Rl



Affine Projection €8] FS o]§¢ ¥W #23 344 AF

o om . |
3 < 1 .
E . | z .
z " { 5 . SR SO % d-axis current
i h = | Injection
=" f . oo ersomesmmesilesesnees
5 f :Mechamcal “
ES | angular speed 4 :
2 -~ | ! sl |
% 4 W E 1 . os 1 5
Time(s) Time(s)
g" ‘ : a 'Spec R=
btk kit B
§ ol R R e oo . I : \Estimated R =1
‘ i 0
'E ams I SR S— :g L :
2 05 ! :
il £ l
ki z
G oan . , T -
A 3 1 2 s [T )
Time(s) Time(s)

Fig. 6. Simulation result of resistance and flux estimation.
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TABLE I
CONTROL MOTOR
SPECIFICATION(EMJ-08-APB22)

Parameter Value
Rated power 750 [W]
Rated speed 3000 [RPM]
Stator resistance 1 [Ohm]
Stator inductance 825 [mH]
Rotor flux linkage 0.102 [Wh]
Pole pairs 4
TABLE II
LOAD MOTOR SPECIFICATION(MDME152GCH)
Parameter Value
Rated power 15 [kW]
Rated speed 2000 [RPM]
Rated current 94 [A(rms)]
Rated torque 7.16 [N *m]
Inertia 0.000799 [kgm™2]]
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Fig. 8 Experiment result of inductance estimation using
feedback current.
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