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Study on Speed Ripple Reduction Algorithm in Sensorless Controlled IPMSM

Song-Cheol Lee' and Young-Seok Jung'

Abstract

In this study, a harmonic—pulsation—compensator (HPC) is presented to reduce a periodic speed ripple in
IPMSM. A proportional-integral compensator in HPC is proposed instead of the existing integral compensator
to reduce the speed ripple more rapidly. A formula to calculate a rotation angle is also proposed, making
compensation optimal in sensored and sensorless controls. The validity of the proposed algorithm is verified

by experiments.
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Fig. 4. Phase relationship of torque error, speed ripple and
compensated torque.

Fig. 5. Block diagram of PI compensator.

cos(wat)

sin(a’) —4H—
ATy o AT
:

sin(w.f)

Fig. 6. Block diagram of vector rotation.
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Fig. 8 Experimental equipment.
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Fig. 9. Speed ripple and settling time with I-compensator
(rotation angle a=70").

100rpm/div

| 400ms/div

tpme I |

[—> After Harmonic| Pulsatmn Compensatlcn

Fig. 10. Speed ripple and settling time with PI-compensator
(rotation angle a=90").
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Fig. 11. Speed ripple and settling time with Pl-compensator
(rotation angle a=70").
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Fig. 12. Speed and current command in steady state with
and without harmonic pulsation compensator.

Atk 1z wE WA= 94 AE7)9
P7] aga Ay 3o s 54 wolslth
1 Aorstg e AR wAy] Al v A
Fla Eae £uol WE wAE
ke Aae Asd e

E3 el ALy ng 24 &%

B Zholl fjgA el BASHA ¥
o) A7k MAFoRA 1

LI

2
od.
ol
—|—’

p:
o
i 2 b N e Me
élr?imlm—ti

3
ox, >

o

)
>.

lo,

o
1

r+
0{1

mlo
12 r_a

ol
Qo
£

rr &

2,
2
_l_/

x
1o

Ipr
> H“[

M S
ol
ol
s
— S g

2,

2

ol

o

X,

[

1> oﬁ

oft o
N
B
kol
£ OHH
o 2
-
et
v
I
o
AN
>
|
fd
PN

iy
Y fr b
o %
N
o i
R
)
jus)

2

=)

2

O P

A

Y =
N

=,
Ak
rr
>,
=
tlo
L
e
>

e

tob o

O Mol 22 e oo [ oA N T
[ et
oo
1">’ HF_, r“a
> O
&3
> X
aY
o
i
32
o
2
o
ol

2
>

e
=X
R
Wl
o
oo
ol
>,
off
mlo
oft
%
o
i
Y,
N
ol
2
o,

|.|—

ol
A)ol|

lor

References

[1] G. Foo and M. F. Rahman, “Sensorless vector control of
interior permanent magnet synchronous motor drives at
very low speed without signal injection,” IET Electr.



(2]

(3]

[4]

(8]

The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 3, June 2016 253

Power Appl., Vol. 4, 1ss. 3, pp. 131-139, 2010.

M. C. Paicuy, I. Boldea, G. D. Andreescu, and F.
Blaabjerg, “Very low speed performance of active flux
based sensorless control: interior permanent magnet
synchronous motor vector control versus direct torque
and flux control,” IET Electr. Power Appl., Vol. 3, Iss.
6, pp. 551-561, 2009.

L. Zhong, M. F. Rahman, W. Y. Hu, K& W. Lim,
“Analysis of direct torque control in permanent magnet
synchronous motor drives,” IEEE Trans. Power
Electron., Vol. 5, No. 12, pp. 528-536, 1997.

S. J. Lee, T. W. Kim, W. S. Kim, M. G. Kim, and Y. S
Jung, “Performance improvement of sensorless control of
IPMSM using active flux concept by improved current
estimators,” The Transactions of the Korean Institute of
Power Electronics, Vol. 18 No. 6, pp. 587-592, Dec.
2013.

K. Y. Cho, “Sensorless control for a PM synchronous
motor in a single piston rotary compressor,” Journal of
Power Electronics, Vol. 6, No. 1, pp. 29-37, 2006.

C. M. Young, C. C. Liuy, and C. H. Liu, “Vibration
analysis of rolling piston-type compressors driven by
single - phase induction motor,” in Proc. IECON'93, Vol.
2, pp. 918-923, Nov. 1993.

B. G. Gu, “Online load torque ripple compensator for
single rolling piston compressor,” The Transactions of
the Korean Institute of Power Electronics, Vol. 19, No.
5, pp. 457-462, Oct. 2014.

J. W. Choi, S. S. Lee, S. Y. Yu, and S. J. Jang, “Novel
periodic torque ripple compensation scheme in vector
controlled AC motor drives,” Applied Power Electronics
Conference and Exposition, 1998, pp. 81-8

O| & H (F#¥)

20144 240 JAXSASSY EY.
20164 S Cisty Z[AIMdAS S E(M
Al 20169 ~8A S CHet J[AMAIS S
b HRALREY.

HE (T KkB)

19924 st=e|sd MYIEMAS st
EY. 19944 T et ©U|HTASSnt
ZU(MA}. 19999 = o=t M7|HTAS
St E(SH). 19994 ~2002d U E

-
Ul Molodel 2002 ~&A| 2Ach 7|A



