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# # 4070570021 : MAJOR POWER ELECTRONICS

KEYWORD: SENSORLESS/STABILITY / VECTOR CONTROL/INDUCED VOLTAGE
UTAIN NITTAYATAREEKUL : A SPEED-SENSORLESS VECTOR CONTROL SYSTEM
WITH SPEED ESTIMATION BASED ON INDUCED VOLTAGE.
THESIS ADVISOR : DR. SOMBOON SANGWONGWANICH 84 pp. ISBN 974-334-210-9

This thesis presents the development of a current-controlled type speed-sensorless vector control
system for induction motors using a speed estimation based on induced voltage in side the motor. Main features
of this estimation method are that the rotor speed is calculated directly and that the estimation process is easy to
understand. To simplify the implementation of the system the vector controller will be integrated with the
speed estimator. Stability of the speed estimation is analysed by viewing the speed estimator as an MRAS . The
speed-sensorless system is then designed based on the derived stability condition. The developed speed-
sensorless system can maintain the stability for a wide operating region and gives a satisfactory performance

comparable to that of the conventional vector control system with speed sensors.
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Integrated Speed Estimator to Vector Controller with CCI
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Main Program of A Speed-Sensorless Vector Control System
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Module : Main Program

Initialize
Initialize all variables and timers
Set interrupt priority and enable timer interrupt

Loop here and wait for interrupt only

Main program (2k) Interrupt Service Routine
Clear interrupt flag
Interrupt exception 1
Get i,,!

5 and u:d,u:q from Current Control Interrupt
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Get speed command (@)
Get estimated speed (@,,) from previous Main program Interrupt
Speed regulator (PI)
Calculate speed error (@, ~@,,)
Calculate PI output (i:q)
Vector Controller
Calculate rotor flux magnitude (;m )
Calculate slip frequency (@,)
Speed Estimator
Calculate induced voltage from stator model (U,,U )
Calculate induced voltage from rotor model ((7 ds U )
Calculate rotor flux frequency (@)
Calculate estimated rotor speed (@,,)
Calculate rotor flux angle (o)
Feedforward-decoupling compensation
Calculate feedforward-decoupling voltage (£, f,)
Interrupt exception 2
Transfer i:q,a), P, f, and fq to Current Control Interrupt

Return Interrupt

End of Main Program
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Module : CCI

Switching frequency (8k) Interrupt Service Routine
Clear interrupt flag
Keep all registers in stack
Read motor current

Input #_ ,i, from A/D

su? sy
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Rotor flux angle compensation
Calculate compensating angle (Ap)
Update rotor flux angle (p +Ap)
Transform to rotor flux axis
Convert I,,i, to I,
Get current command (i, i:q)
Current controller (PI) d-axis
Calculate current error (i., —i,,)
Calculate PI output (2.,)
Current controller (PI) g-axis
Calculate current error (i:q — i)
Calculate PI output (u:q)
Calculate voltage command (v, v:q
Sum of u:d, u:q and feedforward-decoupling
Transform to stator axis.

* *

*
Convert v,V oV, ,V,

sq

Read DC bus voltage
Get V. from A/D

Generate PWM signal
Find sector of voltage command
Compensate dead-time effect
Calculate timing of switching pattern

Restore all registers from stack

Return Interrupt

End-of CCI

3k ok 3k 3k e ok e sk sk ok sk ok 3k ok ok sk sk sk ke ok ok 3k sk ok ok ok ke ok ok ke 3k ok skl sk ok ok sk koK ok dk sk e ok ok ko 3k sk dk ke ok ok ok ok ok sk ok ok k ke Sk ke sk Sk Ok 0K ok ok ok Ok
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; Interrupt ; Interrupt

R R
———— 125 s
Read motor current (9 ps) % Current controller g-axis (6 s)
Rotor flux angle compensation (7 ps) Inverse axis transform (10 pis)
»@ Axis transform (10 ps) Read DC bus voltage (6 pis)
Current controller d-axis (6 s) @ Generate PWM signal (17 ps)
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U, kU, -U,)]

= v.1)
2’]’
b, = 0-a, (0.2)
i R Mi,
D, = —v=r (v.3)
L, A,
A 1 d Y
li'l’sﬁll15ﬂl‘UEluﬁllﬂ'li"llﬂﬂﬂ']51]521]1iuﬂ'lﬂ’ﬂll!i’JUultﬂuﬁlﬂmeﬂﬂtﬂu
UTJi . e"A
o = = 2’—k = ; (v.4)
A
UTJL e JIA
= - 2’+k s 2’ (v.5)
4. i
UTJi Je) JA
= 2’—k( ) s (4.6)
i
ua“mmmmauﬁmﬂr’mmmﬂmmuannﬂmasmmmuﬁﬂﬂﬂmuﬁumsw (‘U 7)
. o UJi,
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d, = O—a@,
T 7 T 17 YT 14
UAJ;{, B k(Je)A {/1, B UAJ/}, Y ws)
A A A,
—_— T 7
_ (e=ke) JA, k{e)z S, +a, (v.9)
ll‘
I-kDel" JA,
= IC k{)ez] 4, + o, (v.10)
]

- J o 9 P
VInauMsA (1.10) munsaudassyuudsznamanuGa ladalugln v

I Reference y 1 5 + @m
Model ; . +
l |
Adjusted 6-b. =6
s nt
Model
o/

{ 5 g Aa @ A
suf 1 szuudsznamanuiiiiimsiloundumAanaiaves

UsUAA UM NIHIUSAT WY k
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ﬂimWﬁ%?\?ﬁ'%ﬂﬂﬂi&’ﬂ"lmﬂ’lﬂ')'lilli'lalul‘lf\?ﬂﬂﬂ@ﬁli’lﬁ'ﬁfliﬂ!lﬁﬂﬁﬂ'ﬁﬂil’ﬁ']ﬂJﬂ1

o v A - . Y a ::’A
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UTJi Je) JA UrJi I—knel JA
w(m) = A—z’(n)—k(e)ﬂ—2’(n) = ——(m+ [( A)ez] ~(n) (v.11)
A i A A
A
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I-kDel” JA . P . “
= [( ,\) 2] L uazmmmmﬂi:mmmmiﬂmuam“lﬁ'muﬁnmsw (‘11.13)
AI‘

Tagf &

&, (n) = on)-a,(n) (.13)

A P v A
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w = Alz{(al—bJ)(U—U)+(7}TJir (4.19)
AI‘

- L Wi U-O) - U-OW I, w20
ll‘

- A‘L{U'J_F(a_l)(Uq_(}q)_b(Ud_Ud)} (v.21)

a wa ° 1 P v o a ~
Tumalfiidmannsofunamanud Tamesvdndununuvyu 1ada Tuaumsi @.21)



MANUIN A

szuuilszmnamanuEInuun Uy

NnauMILuuSasdduaztuusiasslsuar luaumsi G.6) uaz G.7)

dA, R

HUU$10981999 : U=—t="t(Mi,-1)+Jo 1
a L
HUU1aBTuaD: U= di’ = ﬁ’ (Mi, —A)+Jd, A,

r

[ ] b
mmmsamfmmwmﬂ'mﬂwmﬂmmuﬂmﬁeumﬁmﬁﬂé’f aife

e=U—l7=—-§i(/1, 1) +Ja, (A, -A)+JA (0, —d )

r

t A i - { Y a wa LY d [ z
uaifieann U =s4,,U=s4, Tash s nmumﬂgmmsauwuﬁ'(;) Aariu
t

e=U-U=s(4, -4)
se=(— ir I+me)e+SJir((0m _aA)m)
e=s[(s+ Izr M -0,J1" i, (@, ~é,)
= G(s){JA, (@, - B,)}
' G, (s) G,(s)
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Gy (8) = —kG, (I + @J) + G,y (I + J)

b4
iEsas I G, (sl + @) uag G, (sI +w))  1aaail

210
[s+a
=l w_p
v A o 3 )
UALLBINN @ — f =w, ALY
[s+a
@,

G(sI+a)) =[(s + )] — (@ - £)J] ' [s] + aJ]

1

~@-pJ[s -o

s+a @ s
-1

-, S aal /)]

+a w Ky

(n.16)

(a.17)

(7.18)



83

) s+ —o, ||S —@
= - .19
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1 S+a)ys+ow, -—-(s+a)w+a,s
= I (n.20)
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