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A Study on the Sensorless Speed Control
of Induction Motor using AFE Rectifier

Bum-Dong, Jeong

Division of Marine System Engineering,

Graduate School of Korea Maritime and Ocean University

Abstract

This paper proposes a method using the AFE rectifier instead of the diode
rectifier for the sensorless control method of the induction motor designed to
overcome the disadvantages caused by the sensor. This method improves the
quality of the input current and the power factor, thereby improving the
performance of the entire system, compared with the conventional diode

rectifier method.

The DFE rectifier is widely used because of its simple structure and no
special control, but due to the nature of the diode that can not be
controlled, the input current contains a lot of harmonics, which can

adversely affect the entire power system and the power factor is also bad.

The AFE rectifier that can regenerate by using the active components can
control the input current close to the sinusoidal wave, improve the THD
characteristics, improve the input current quality, and have excellent system
stability. Unlike the DFE system, it does not need a phase-shifting
transformer, which simplifies the structure and reduces the volume of the

system, making it easy to install and improve the power factor.

_Vi_



The sensorless control algorithm wused in this paper is current error
compensation method and current control is carried out by direct torque

control.

The sensorless speed control method by current error compensation is a
method of making the speed of the motor follow the speed of the numerical
model by applying the stator voltage so that the stator currents of the
induction motor and the model are matched. This method does not directly
control the speed but indirectly controls the speed by converging the current

difference between the induction motor and the numerical model to zero.

Direct Torque Control is a method of independently controlling torque and
magnetic flux, and it compares the command value of magnetic flux and
torque with the current of magnetic flux and torque calculated by using
stator voltage and current information of induction machine, then inputs to
the hysteresis controller which determines the width according to the control
precision and inputs the output value to the lookup table of the voltage

vector to find and control the voltage vector for minimizing the error.

In order to verify the validity of the proposed topology in this paper,
simulation and experiments were carried out to confirm that the speed
response characteristics from the low speed range to the high were excellent
and good response characteristics were confirmed when the reverse speed
command was applied in the middle speed range. Also, it was confirmed
that the topology using the AFE rectifier has better input current waveform,

THD characteristics and power factor than the DFE rectifier.

KEY WORDS: AFE, DFE, Current Error Compensation method, Direct

Torque Control, Sensorless Speed Control, Induction Motor.
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EMI
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: Direct torque control
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AHEAA Y FE(Loop)= AF&H| 27| (Flux comparator), £ = H]uL7]|(Torque
comparator), LAAAEI E AL (Flux/Torque  calculator), =913 #H
(Switching vector) A AR Z FAHo] 9o, AHEIAILAL S 2

3R Than.

%} 3£ ¥ 3H(Coordinate transformation)©] Z 2 §lt},

H] 74 Al of(Voltage decoupling control)”} Z & §lt}.
Ao} 71e] Ag7 HadTh

Modulatorg AF-8-3F4] =T},

A4 BaE Aol g,
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¥ 5.1 7FHS =glo]lB o] vl

Table. 5.1 Comparison table of variable speed drives

T 7 = 2
Ao Rl gt Fs
F oA oA | - JFE =2to] B (Open-loop drive)
ViE Ay |- dEe) AN Bedd n THe] folF
A e EA B
CAlMETE ek R 2 AR
H ] A of 2] - Ao71E F3 HFiE =2ho] B (Closed-loop drive)
(FOC WA) |- whE =3 g9 Rd SEAE 0% & AL
- A7 BRetal EAvE g A o m Aoy
- Aol MGT B AL
- A Al7I7F Be Qe HFE =deln
4422 |
A o] 912 (Closed-loop drive)
Sl me = gwa Sxdo
PICED 1 g anez 7a0 g0
L2917 Foel e Bash Sre %

3 A4 ARANA FEAES) A wAAG] oo DA AEE A
(5.5)9F 2ol thehd 4 YTk
V =RI + i A (5.5)
dt .

_61_



1A 2 5.6)2F 2ot

)

o e 7

(5.6)

=0

=L Zdsteltt.

‘mMO
E

NI

]

9o 7|es BAS AoF JERUH 5.7 2o mdET 4

(5.7)

~V, At

AN,

1
e

o714 At

A

o s AolE .

[e]
=
L
p

EEBR

Fa

W ] o}

TE

w g o]

ek

IHY =
A ALol nHA o 9 (Sector)ol] AS W A EE o] x|

o

o

- -
-

5.201 YERH A

=2 I
= arL

wEje] o %7

et
==

s7hel AatuE st Axel A

_62_



% 52 Ausojz e 1 on

Table. 5.2 Selected vector and definition

v, Radial positive voltage vector
Vo1 Forward positive voltage vector
Voto Forward negative voltage vector
V.t3 Radial negative voltage vector
V.1 Backward positive voltage vector
Voo Backward negative voltage vector

) Zero voltage vector

a9 548 AREAANY AYERA 29Y NS} 4EMEHE hebd A
oftf, 19 555 FaEe Az WE grol A 2917 WEe Aol wel 55
19 A& A4S tehla ok A& a9 o] #MFo] g A9

A e 2eldA 3dsiA H.

P - axis
V; At VZA t
A=AtV At p At V,At
Sector Il Sector || e
A
6 ° v.At VAt
Sector |V .
a - axis ‘91 01_
We
Sector | Ar

Sector V. Sector VI

a9 54 AFEAA ] JhE%

Fig. 5.4 Conception diagram of direct torque control
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2 (5.8)=> AH&e] S| aH AL MES YERAAL Sl

X" =AIX1/2) = (A1) = (XN]+ATIN1/2) (5.8)

Ho Aele 3| aggAs e Yoo Ar)ou BAEE Aol of
U s Awakate 347 9

A4

=

KAt v; At
v, \t
Sector Il Sector || Trajectory of
Outer band limit V3 V2 /1 :
*
o v We ﬂ/s Trajectory of
Ineter band limit A‘ .
7 Vi )
Sector |
V, Vs
Sector V Sector VI

9 55 2974 wEe] dee] w3 deks Ao A4

Fig. 5.5 Trajectories of the stator flux A, and its reference )\: with z,= 1
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3P L, :
T = — 5 aLL | A | | A, | sind (5.9)

B3 gk T ARA T o FkE W, 7 QuEe] 293 Fu

==
[¢] TEE

ol7] faA Hulst FH3] Faste Zlol Foh F, AWE e =93 HlE

of FEMEE Agsts Aol Toh Eas AW uet T bde Fom
Yot}

HA 2913 Ag¥E F<¢ HolE (Optimum switching voltage vector look-up

table)oll A A AdWEHE ALsH7] s AR HuxpEHe] 9% JHE
ofof Gt} o] HAANAR = AAFAFA M nAHA HuAELe] a3 5
o] gro g RE 2](5.10a), (5.10b), (5.10c)2 o] &3l AL 4 ).

)‘s = Aas + jAﬁs

= f( R, )d+ j/(vﬁs — Ryig,)dt (5.10a)

| A | = VAL AL (5.10b)
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)\/,
0, = tan—l( dé)

.10.
i » (5.10.c)
AT, oy s Vg s Gy g, © FAE LA A} AFolrh
J¥ER, B3 25003 Zo] YEeRd 4
3 P, . .
:Z; = 53( Bs )‘as - Zas Aﬂs ) (511)

28 se@E A% SAE AL Aol7E YR Atk nAA A% 4
S gl gol WA el e AXmm was] e AN |E 28A0-HE

TAHG F, a4 AL oA} Fo| UL WE Houd F P

= AN | =10 H3, 34 ALHeAE Fof FrdTAs WE —H, 8
o e Aoe AN | = —1o2 "}
1,1 T
" +1
* Aﬂ, s =/1:_ s * _HT ATe= Te _Te
ﬂ,s l Te HT
As 4 To 1
-Hr H:
(a) A4 B 37 (b) E== B 27|

(a) Flux Comparator (b) Torque Comparator

29 56 A3 E3 3| AHEA A vy EA

Fig. 5.6 Characteristics of flux and torque hysteresis comparator
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a9 56y AHEIA YA AWMENM AMEEHE B S|AHPAA
Aoj71E Yt ARt ow 244 sl av AL vl ef de] ek

W Ba A Gl d&f BF FFo] hestesE 29 AT = 3D,

N
X
)

o,

#0532 o3k A& EA s|aH AL By 5SS SR

o7 294 AguEe] 9 Hol22 thEdl Ao

N

ks

F 53 HH 29A ddE e 5 o Hols

Table. 5.3 Optimum switching voltage vector look-up table

Comparator
Sector
Output

T, Tp I o I I\ \4 VI
+1 +1 v, Va v, & Ve v

+1 0 L A Vo Vo Vo v

+1 1 Vg £ vy Vs V4 v
-1 +1 v, v, 4 Ve v, v,
-1 0 v, v, v, v, v, v

-1 -1 v, Ve v, v, v, v
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F 6.1 AlEdelda A3 AHEE FEHE7]e] depry 9 A Agg
Table 6.1 Parameters of induction motor used for computer simulation and

experiment & system constants

Rated Output 3[HP] R, 1.2[%]
Rated Voltage 220[V] L 180[mH]
Rated Current 9[A] L. 180[mH]
Rated Speed 1735[rpm] Lu 176[mH]
P 4 J 0.1[Kg-m?’]
R 2.0[<2] T, 50[us]
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Fig. 6.2 Simulation responses for step change of speed setting(0—1,000[rpm])
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Fig. 6.3 Simulation responses for step change of speed setting(500—-500{rpm])
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Fig. 6.3 Simulation responses for step change of speed setting(500—-500{rpm])
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Fig. 6.6 Simulation responses for step change of speed setting(0—1,500[rpm])
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{} »\’:> M0 SARAM
d »{ INT13 1K x 16
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o = =) L0 SARAM
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A < > McBSP | FIFO [
M
vl N C28x CPU Flash
x| g eCAN = ). 128K x 16 (F2812)
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P L EVA/EVB —
~N ROM
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> System Control »{ RS . ot
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Fig. 7.2 TMS320F2811 Functional block diagram
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¥ 7.1 TMS320F2811¢] &4
Table. 7.1 TMS320F2811 Features

< 7 £ A
- 150MHz (6.67 ns) *E]&%=
Aoy - A A AA50 MHzoll A 1.9V Core, 3.3V I/O)
328] E CPU - 3.3V Flash Programming %%t
- JTAG A ¥
- 128K x 16 Flash ROM
- 1K x 16 OTP ROM
Ul w2 _
- L0, L1 : 270¢] 4K x 16 SARAM
- HO : 8K x 16 SARAM
AT - AR M G
ol E] H| o] & - Programmable Wait “Ell
(F2812) - Programmable Read/Write Strobe E}o]™

Fuo9 nE

- PLL 7]%&
- Watch Dog Elol™ 7]&-
- ZA A= 0 SPIL SCI(27K), CAN, McBSP

R} =
g4 . A/D WS ¢ 129]E ADC, 164012, 2419 4]
Sample/Hold, 1% WH2H8(80 ns/125 MSPS)
E 72 3 A7k X ALY
Table 7.2 Specification of Dynamometer
Maker MAGTROL
Model HD-805-7NA
Brake Hysteresis Brake

Torque Rangelkg;.cm]

240 [kgs.cm]

Maximum Speed[rpm]

6,000 [rpm]

Maximum Input Power[Watts]

3,600 [Watts] continuous duty

6,000 [Watts] < 5 minutes
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