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Robust Adaptive Control of Sensorless Vector Controlled Induction Motor

Using v—Positive Real Problem and ¢; —Modification Approach

Masaru HASEGAWA*

Speed sensorless vector control of induction motor drives has been developed as an important technique, and
this has been utilized in some fields, especially industrial application field. It has been pointed out, however,
speed sensorless vector control system becomes unstable in very low-speed region so far, which is caused by
unstable phenomenon of speed identification system in adaptive observer.

This paper proposes a robust stability improvement method for sensorless vector control system using adaptive
observer. First, this paper reviews sensorless vector control system in brief, and then the adaptive observer design

is proposed based on y—positive real problem and e;—modification approach for robust stability improvement.
Finally, some experiments are carried out to show feasibility and effectiveness of the proposed method.

Key Words: induction motor, vector control, sensorless drives, y—positive real problem, £;—modification ap-
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Fig.1 Configuration of vector control system
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Adaptive scheme

Fig.2 Block diagram of speed identification system
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Fig.3 Constraints of pole replacement
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Fig.4 Design results of pole replacement for adaptive
observer

Fig.4000000000000D00000000000
000000000000000 20000000000
0000000000 20000000 20000000
00000000000 0000000000000000
00000000000000000000000000
00000000000 0000000000000000
00000 ooooOODO0O0OD00O00O000000
00000000000000000000000000
0O0000OFig 40 00000000 DOOOOODOODOD
00D000000000000000000D0000000
0000000000 0000D0000D000000n

5. ¢g—000000O0O0ODODOOOOOOO
googooo

gobobooooooooooooocooobooboooboo
goooooo00oo rooooooooooooooo
gooooooooobooboooooooooooooboo
000000000000 oo0ooo (Doooo)ooo
gobooboooooooooobooooobooboooobooo
gobooooooooooooooboooooooooboo
gobooooooooobooooobooooooooooboo
goooooooooooooooboooboooooboo
goboboooocooobD PpPEOCODODOODOOOODO
gooobooboooooooobobooooooog
gooboboboooobobooooboooooooooDo
Aw, 000000000 OODOOOOODOODOOOOOO
goooobooboboooooooooboboobooboobo
goobotcbooboobooobooobooboobobobooDo
gooooboooooboooboooooboooboooboOooao
gboooooboooooboocooooooooobooooboo

gobobooooooooooooooooooooboo
gobooooooooooooooboooobooooboobooo
000 s=0000000000C000C00000000A0
goooooooooooobooooooooobobboo
gooooooooobooboobOo0ooD e.—000



000000000000000000000000000
oooooog

5.1 000000000000
0000000000000 Gi(s) 000000000
00000000 (13)00000&, =00Aw,=0000
00000000000000G:(s) O

o S

c;ﬂs)::a;;;lza;i;EEI 0180
0000s=000000000000a0a:0a 000
000000000000 0000000D00000000
00000000 & 00000000000000000
ooooooOg

o= (Kp+ 22) (IA) e

00000 PID0O0O0O0OO0OOOOOOs=0000
ooo
00000000000000000000000 A0
0000000000 Fig.20000000000000
0000DO000Fg20000000000000 s=0
000000000000 000000000000000
000000000 000000000000000000
0O PEOO0DDOOOOODOOOODOOOOOODOOO
00 & 00000000000000
000000D00D000000000000000000
00000000000000000 O (18)000000
(G1(0)=90°00000000000000000000
0000000000 s=00 —90° 000000000
000000000000000000000000000
000000000000000000000000000
oooo0oooDo

000000000000 00000000000000
00D000000D0000000s=0000000000
oooooooon

5.2 - 00000000000000000000
000D00000000000000000000000
00000000000 0000D00000000000
0000000000 O0OD0OD0DD0ODOO0O0 s=00000
00000000000000000000G,(s) 000
s=0000000000000000000000000
000000000000 000D000000000000
0000000000000 000000000000ong
0000 000000000000000000000
oooooog

00000000000 00000D0D000000O
000000000000D0000 .- 00000000
000000000000 0000D0000000000
000000000000 00000D000000000
0w 000000000000000000000000
000000000000000000000000000

AC200[V]

PWM DSp
paen [ (] s
‘

o
2
o
o
2
o
o 1; o
*
TMS320C6701 SYSTEM BUS

Fig.5 Experimental setup

0000000000000000 Aw, 00000000
0000000000000000
00000000000000000000000000
00 (19000 &,— 0002V 00000

N K T
b = (Kr+ =) (74) e 0190

U:€1|(J5\T)T61| , €>0

gobooooooobooooooboooooooobon
oooUooooOoooooooooooo —90° oooo
gboooooooboooooboooooboboobboooo
goboooboooooobooboooooooooobooboobooo
goboooocooooooooOoooboooooooobooOoo
gbooooobooooooooooboooooooo
db0s=0000000000000DO0C0O0O0O000
gooooocoooobooboobobOoboOooOoooooDo
goooooooooooobooooooobooooboooo
gbooooooocoboooobooooobooboobno ee—00
gooooooooooooooooooboooooboo
goboooooooob ge—00000000o0oooo
gobooooooooooooooboooooooooboo
gooboobooooobobObobOooboboooboDo
gobooooooOo0oooooo0obo0 ec OODOOO
000000 ¢ 000OD0OO0ODOOODOOO (19900000
0000 (6)0 PIOODOOOOODOOOOOODOO

6. gooo

6.1 0O0OO0O0OO0OOO

gboooooobcoooobooboooobcOoobooDo
00000000000O0Fig.5000000000000

00000000o0o0ooooooUoOooooO DSP (T
0:TMS320C6701) OOOOO DSPOOOOO (MTT
0:DSP6367) 0O UOO0OU0OO0OFie. 50000000
goooooooooboooooooboooooooooboo
L0000 (2eleemin™' 0000)0000000O0O00



70

Table 1 Parameter of Tested Motor

rated power Py 1.5 kW
rated speed Wmn | 1710 min—?!
rated stator voltage Vsn 200 V
rated stator current Isn 6.2 A
stator resistance Rs |0.930 Q
rotor resistance R, |0.500 Q
stator inductance Ls |0.110 H
rotor inductance L, |0.102 H
mutual inductance M ]0.102 H
number of pole pairs 2

inertia of t ested motor | Jyn | 0.015 kg-m2
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Fig.7 Step response with proposed observer gain (no load)
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Fig.9 Step response with proposed observer gain (50% load)
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Fig.12 Step response with €1 —modification approach (2)
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Fig.18 Speed control results with e; —modification approach
under regenerating load torque
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