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Speed control of IPMSM using the Feedback Linearizations
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ABSTRACT

In order to obtain good driving performance in motor control, measurement of the state required for control is necessary. It
must also be able to compensate for nonlinear elements of the mathematical model of the motor and disturbances such as
load variation. In this study, we design a Kalman filter that can effectively remove noise included in measurements. Kalman
filters are effective in estimating the state of linear systems. The system model is feedback linearized by estimating nonlinear
terms and load variation as disturbances and compensating them for the system control input. It can be shown that the
Kalman filter and the disturbance observer can converge stably independently of each other. As a result of the state
estimation, an angular velocity estimation error of within approximately 0.3 [%] and a constant load estimation error of within
approximately 4 [%] were obtained.

e =

Interior Permanent Magnet Synchronous Motor, Feedback linearizations, Disturbance observer, Kalman filter
WSl A FU1dEY), e Mys) o #3571, Zukdy

S0t stEMu|snl W (waterjliar@jwu.ackr) - Received : Aug. 27, 2024, Revised : Sep. 19, 2024, Accepted : Oct. 12, 2024
Qe SR 5N En U + Corresponding Author : Yong-Ho Jeon

T 2024, 08. 27 Dept. Aviation Maintenance Engineering, Jungwon University
etz 2024, 09. 19 Email : waterjliar@jwu.ac.kr
AMEEY 2024, 10. 12

867




JKIECS, vol. 19, no. 05, 867-874, 2024

M=

—

A8 TYUeR 3= dE7] Aoldd dd we
AT7F Har gtk ol& A7]elvA 7t 3 A o]
st Adet xzho] 7hsehy] wEelth

IPMSMC(:Interior Permanent Magnet Synchronous
Motor)i= @TAA 9] §1A]e] 71" A2 dA
A ARE 24 g A Al 2=l o]t}
[1-71[10-13].

AE7] £29 Ao Ass 47 =
of WS FEEAS} Ao Mo <l
1A Ao BAskE 7)Y gk 1
g3l BAs] SAsA Se] e

L)
o
ne
rr

snelq #5150 2 8sh Por A ol
ol gleh mela o)A Feael Edel glo]
A WAY gow RAT wehi] FalEast 9]
AY 5 £HQ Yyoz gz pEse] F
A 5 gl BE01E Areke] wag 5 A,

Rzt GAGE 2] AANE 1457
o A% 2 A%Eel UF S48 Y g2 e
ohoAA ZAE dE gelE 34 A ol £
of glom kgl uel slgre] 34 Aol Woix|
Ak mebd Z4e e gol £ 428 wa
o= AAY & Ak Y #2717k a7H

Q%719 ARF AlE fste] B9l S
BUe FEy QY Fol] AYsE mUz W
Bete] Aloi7lsh Al BAINE AARE AR FL
wolt. A #5712 sl due FAw
4% sk Aol gelol Tl Ao v
s A9Ee TARE 49 29 A F47]
g AAsel 4uE FYske o] HAY w3
g 345l wmolxg AAsk: Auth A4
ShRA] 2314 o] EHB-10],

® ATl E IPMSMe] AlolE $lalA) ek 2
A71Age o AFea, olF FAY 4 b
sg #2712 AA G o B3l 249 ol
S Aol gl Egstel W=w AYsln 4P
f 5op4Q) Bu 2w 96 s A 24
of X3 Foe AAD Fool AAE A %
Aol7lsh S $5719) Hu groz Agete T
o Alzde Ak

oo
(@)
oo

II. IPMSMS| I|=HH AM&is}

IPMSM AlZ=gle] 84 mae 4l A4
o 2e4)11-13]

%w = gw-l-%T8 b’l‘l (1)
%idZ %zd—l- Lqu wi, + 2{1 v, (2)
%iq =— qu—pfdwzd—?eré v, 3
ro = 2o, + (L= L,)ig,) @

A7, Y, Ve dFH oF 9 48R, b, 0,5
d53 g9 AR, we WA AAEE
AR7|H ez MAHE B4, 2 FEEA RE 1
AR &A™, L, LE dES aFe] d9Es, ¢
= A A e AL, pe A G A 9
A, Jo Aw7] s RNE, B2 s
7] 87 Ake] g vhEA el Tk

Al AG3)e gedus gelshd A2
oM, AQ)e Vol AB3)E V,E 349 Alz=E
oz Fe7h doh 489S sk ot 2k

T, =u,+T e (5)
Vi=u,—pLwi, e (6)
Vq =u, +pdeid+p1/wa - (7

2Bl Ao dHs ADAA @) Wl
gt 2)(8)ell A 2(9)9F o] WMEHTh

d

Ez—Ax+Bu (€)]

v=(wigi,)", uw=(u, u uq)T = (9)

B 1
7 0 0 500
0 R, 0 1
A= - B=|0—0 - (10
I, : I, (10)
0 0 A, 00 L
L, L,

Q)L =HE WA o] 32 17| gHo] EA
sty 247 REsid A3 WAoo 7t gl oA
o] d&& AT = k. olul AB)lM A(7)9
deol gafAs FEe B} Jr)Agelt). ¢



TAY B89 S Ao

(8)2] Alxdlo] g4 (4, B)C

B NToRHpT N T = ®
& tRhptrres w SS9 %
o I- ﬂ!.A ‘.AI#I ﬂ”ﬂ!\ieﬁ o - MDTH
ok T X memT )Y ow
- PR R R R W 3
38 gRr TR ® T !
T EPRE < T 2R O =
an bopemTe TR ooy . T
= TR o g, B RN Er o 3 .
X ~ ,_tELXL_zT o S
Ll\_ O#E]‘._fbw “H_Oljvo = \m.J|A_v [
© ]U‘utu ﬂU‘UIJrOvAIGIwOT\NrO 1F“A| .ﬂ T., ﬂl
o Tl T g RO e T o«
zn VMEVM%_ZT@WAM s uﬂ n:D_ﬂbu
< NE RS w R gr oy e
< —o N~ ®oagpE o N %@ R
= __mﬁmw_éﬁéluou%moﬂi TE Lo oW
= MTT B rpt AT el 7 E 2
Y = oy e W2 o TR T,
e ;TR o e Yok RS M-
R e S T ey e iy L8 4 o7
2o @ R W W oo < 70 g Fes 2
3 (- <° o = o il ooy 2o oo o)
o —_ B0 Meﬂﬁrx_ w i o E ,A]Mﬂﬁ o :ﬂ =
o fom o T NF S o R PR R xR
< W = A N N T
WS gy Ho o : Ty R
N BEETL Tz T 0
o FET S i N )
o om oy NS x o E
R S S 3
I R ) RO S
o oRo= W R o = " o o
of a.?zﬂ% < T e T o T
w oy ITw M o o of o
I TN w N . 5 R N o A
NoOB W A E o ¥ R o
K|r 4@;?%% G2 |0 = N S o
— N o= =
Ml g T4 T 2w W <
= rROToS e N g o] o
) Tl ~ o
u el R S = + B © o
NV NgTFT 3ZE g sy Q ~
— EQMW% T T W e S
= PORIT 8T 5 F g | ZFD
WMAQLH oG5 K A__a%%mmm (anQﬂ
S N I S S B T S e
JwE e K o RT A

- (22)
- (23)
- (24
- (25)
- (26)
- (27)
869

2009 v =

2
Blo|E wmol=® 7Pt

Al

|

7] g gkt el o

1 + Qk*l

e
1By gy

I
E[(% - :L[T)(Lo - ;;)T}

(220014 2(24)¢F 2.
—,

4 Hole7} @

(25)ell A 2273 2t

+
0

=

=
Pk

I
~t
k—1Tg—
P
(P +R) "
+&[yk

k

(1= 1)

Ak*l
x, = A
7] gkolth.

~t
Ty

Blo|E wmo]2® 7P F.

E(x[]) ’

ojt}. 2 (24)

(20002

]

B

X

A

Al

K,

+

k

~+
T, =Ty

[¢)

s

[¢)

L

- (15

oty (15)9] e v=w] A|o)7]

488 An A6

- (A7)
- (18)

A7k 7}

!

|

He 4% 2.

e 2)(15)9F 2.
(s[— A+ BK)(sI— A+ LC)

o

74
(4-L0)

=
A

=

=

=1
H

K= Ao o
27 2.
(A-BK) BK
A

L

u=—Kuz
2= (A— BK)x+ BKe

21(17)9]
Aequ (17)

T

i

Al
A

CEREE I ISE)

=
=
o]

A



JKIECS, vol. 19, no. 05, 867-874, 2024

A@5)e) R BE7)0] T
2atelth, A@B)E #4 o5 54 mulo
A7} Avhd Aag ol

=
A 7Rbeke AR xdd

ez, & Tl

32 9 #37)

A7) Az=gelA ks Adostd 2(28)el 4 A
(3007}

d,=m (28)
dzd _7quU”'q (29)
diq = pLywiy+pipsw =+ (30)
2(28)2 HItEAE gHor 7hde Aot 2
29 AF d Fo Tse I7ASES o=
7P Aolar, A(B0) A q Foll 2Ash= 7]
A94e o 4w Aol

s FAs HOHH FAA S A (@) A

)\
2110)3} 2ol 7Hgdth 4(8)2 Fd A9 B 3%
329 AR Holn A 7o HHE I v
2 A9 Aotk webd 33 PHES shute] daw vt
gsto] AA7E 7hs st
21D =9l He 9S4 F AL
A@BDAA A (32)9F 2t

a= B (- Ay) G
B 1
—— =
7 00 500
( R, 1
A,,: ) I, 0 pr: 0 Zz 0 - (32)
0 0 A 00 i
Lq q

=
EEESTELER g
34 Ag FAA AU 2L A5 A 4E)

o4 #(35)% 2},

=Aq+Ay = (33)
q= (qw Qiq qiq) g - (34)
—a, 0 O
A,=| 0 —ay 0 = (3H)
0 0 _a’i(

870

}\1(33)_9_ =2 oly
A=A 7(4,]75]- 2}

w

=
o G G FO grolth A 9 gy

2z a
W g2 X8t 2(33)e] ¢& diystd 21(36)%
2k,
&:Blfl(Aqq-i-Aqy—qu) =+ (36)

sgre] XA Be QUL F4a7] A9l A
(33t BAT Feel ge PN HAE 43D
o4 433 2,

p=Ap+Au e (37)
p=(pupiups)" =+ (38)
2A@NelX FA4HEE HH WF pe 23D o5&
Lol ALgatel Aol I wg FAIT AG6)3 4
(37)9] e 223 A= A(39)d4 2(40)3 2},
d=p—u - (39)
d=(d, d, éq)T e (40)
245 9T d& NG A7) BaEAs) 1
A3 g gl ARE-gho
IV. AlZ2io|M
ABgold Zza@oni PSIMS AMgatadth

IPMSM¢] 2 &2 PSIMoA Al g5+ ZES& o83t
glovl, Ag7)e] steeehes ® 12 AHSslt

E 1 LY IFRAMSISI] m2te| e

Table 1. IPMSM Parameter
Motor Rated Power 3-phase 1hp
Motor Rated Speed 1200 RPM

Pole Pair Number  (p) 2

Stator Resistance, R, 0.048 @
D-axis Inductance, L, 042 mH
Q-axis Inductance, Z, 12 mH
Moment of Inertia, 0.0008 Kgm2
Friction coefficient, B 0.001 Nm/rad/s

Magnetic Flux Constant,wf 0.04135 volt/rad/s
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Fig. 1 The state estimation result using the Kalman
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