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Low-Speed Performance Improvement of Slip Based Sensorless Control for
Three—Phase Induction Motor Used in Treadmill

Su-Hyoung Lee!, Sang—Hee Lee!, Tae-Yang Mun', Hee-Min Han’ and Joohn-Sheok KimT

Abstract

Recent high-end treadmills are demanding stable performance at lower speeds. In this study, a slip
control-based induction motor sensorless algorithm for treadmills, which have heavy load variations, is
proposed. A modified Gopinath flux estimator is used to evaluate the rotor flux. Results indicate that a good
speed regulation performance is achieved even at a low speed of approximately 3 Hz with a nominal exercise
load of 90 kg body weight. The slip calculation method in the stationary coordinate system is adopted to
improve the control stability. The proposed algorithm is verified throughout the simulation study using PSIM,
and the experimental test consists of a commercial treadmill system.
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Fig. 1. Slip control-based induction motor sensorless scalar control system.

LR EL)
ohﬂ]—x% oz ]._ﬁl:

Aol Frtsta aTHE
A7F BAF,

2 AFelM e A7 85T
Aol A —‘?46‘]-7]- FHEE AL % obg e

o %
O

7}%} Mﬂé xﬂoMc@ %Lfag
A2 9l
Aol A &9

3 ARAo] %iOlE g4l
1Q © A

A
k1
2
9, ot
oX,

s

[o

(m

o
1r1

d

é

iy 2
>,

[

0%

o

-z
ob
z U ©
rE
1o
BN
)
=
X E
rO
o
SN
rO
i)

=|
kg
N
dp
o
o
N
i
)
il
ol
o

ot pg 2 @

by
BU1B L o2
=)
A
N
et
Y
ofo
P,L‘
32
0 &
- ‘l»
(AN A=

Fkl
2
oy
=2,
R
i [

2o of B

ol
>
r2

>

P

=
o

23]

fo
ol
ol
£
2
N
N

“

» mN o [ Fﬂj&’—?‘:ﬁ'ﬂo}m

M
S
Cié
©

ﬂw
N
g8
~
5
>
°
ne
Kl
LY

oN Jp AN R e B
)

o 2

}\1—1— oo

N
)
N
)
olf
o

S0 AhgE Beldel R A4 st 8% re 87
4942 g dehin "o 717} d%, g3l
S uehdth 9 A4 e BIREA(w = w,)2 e
o, st AAREAw = 0), r& 82 FEAW=w,)

~ ty w
Wit i

x
— ey

-

V/F Pattern

' + w;,err
W —1

Limiter

Fig. 2. Existing scalar speed feedback control algorithm.
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Fig. 4. Sensorless control of induction motor for treadmill system.
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TABLE 1
SIMULATION AND EXPERIMENT PARAMETERS
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Real Velocity ~ [50rpm/div]
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3 1= T, = Tioaa [ INmY/d i\/\
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Switching Frequency f,, 16 kHz Fig. 9. Simulation result of the proposed algorithm with
Sampling Period T, 625 us 3Hz(90r/min) speed command.
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