The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 1, February 2019 33

SPMSM 7] A

https://doi.org/10.6113/TKPE.2019.24.1.33

BE #3579 4% WHE o &%

Seu g 37

SPMSM Mechanical Parameter Estimation Using
Sliding-Mode Observer and Adaptive Filter

Hyoung-Woo Kim' and Joon-Young ChoiT

Abstract

We propose a mechanical parameter estimation algorithm for surface-mounted permanent magnet synchronous
motors (SPMSMs) using a sliding-mode observer (SMO) and an adaptive filter. The SMO estimates system
disturbances in real time, which contain the information on mechanical parameters. A desirable feature that
distinguishes the proposed estimation algorithm from other existing mechanical parameter estimators is that the
adaptive filter estimates electromagnetic torque to improve the estimation performance. Moreover, the SMO acts
as a low-pass filter to suppress the chattering effect, which enables the smooth output signals of the SMO.
We verify the mechanical parameter estimation performance for SPMSM by conducting extensive experiments

for the proposed algorithm.

Key words: Adaptive filter algorithm, Parameter estimation, SPMSM(Surface-mounted Permanent Synchronous

Motor), SMO(Sliding Mode Observer)
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Fig. 2. Structure of adaptive filter.
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Fig. 3. Structure of sliding-mode observer.

[=]

o [
BUNSy
R0
l k|

2

R o

L
= ot
“j o
oL
N olo
- H

s
[
1%
i
> ©
~ %
@ —|—"
L 9

Qﬁ
2 1 1

o

QE

X

~

'S

Qﬁ

S
1o o M
o o o)y

o
=
AN,
)
o
£
3!
[
o
T
- O
o ot
L ooX
)

[o i =L o2t
O

é
i rir
o

N
fd
i)

4
PO

N oox WU ox o wd
i 4B = ox

K e
il
il
Of
i

o
B i
_h, HU 010
o2l
QL
>
2
>

o
=

o 1 4
o

oo 1%

ol

ol

2
X
Rl
o
rz
Y
i
El

i 2 o o
o
r
i
Sl
2
X
rir
|y
ACh
o
o,
a1
[
rJ
)\
N

)
P,L
R
N
)
“
i)
=
i)
il
o
ol
ot
i)

w
w
>
u
L=}
on
o

wW
rlo

du fn M
j'g‘riﬂ o
N
oo mﬂﬁi
o M
i
o,

%m

lo o 4 2

ol e
fu o BN

b oo 2 o
o
ofo

{1 Q9 o

o
i,
o

o

pr
H

s pd
s

A S5 wh g

E 5ol A setol
A sehle
p Setold 3 yael
A 3t ol sejel

o2

oe] sfenlel g FhAE
%

E
=
03"':,
ol
ol
ri
2
)
o,
9_
o2,
o
12
L, -
e ©

Bk

o\o

olefs} %o]

Jio= T, — Buw+ fﬂr e (14)

olw, 717 St E @aF ex= 4 (15) ¢ 2tk

e =— AJu— ABw+ AT,

4 (% 4 (9% Bgow A seEE 34
7] 9% weoly wE BAv|E ofdlg gol HAY
& qlen), 29 (& gy oA whan,

Jo=T,— Bute+k + sgn(S) (16)
e=p - k- sgn(S) an



36 Eifoly RE #=7)9) 48 LEZ o] &3 SPMSM 1A g 34
TABLE I
CONTROL MOTOR SPECIFICATION(EM]J-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(MDMEI52GCH) Fig. 4. Experiment Setup.
Parameter Value TABLE I
Rated power L5 [kl SYSTEM PARAMETERS
Rated speed 2000 [RPM]
Rated current 94 [AGrms)] Parameter Value
Rated torque 7.16 [N * m] Rotor flux linkage 0.102 [Wh]
Inertia 0.000799 [kgm®]] Viscous damping coefficient 0.001127
Inertia of control motor 0.000799 [kg - m’]
= AJir ABwt AT, (18) Inertia of load motor 0.000135 [kg - m’]
Inertia of coupler 0.000343 [kg - m%]
Eifold Rzl dAgsiel e wEHe W, A Load torque LOIN - m]
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Fig. 7. Experimental results of inertia estimation.
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