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Stator Flux Linkage Estimation of Nonlinear Synchronous Machines
Based on the State Observer
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Abstract This paper presents a stator flux linkage estimation from the integration result of the stator flux

linkage dynamics described in the stationary frame for nonlinear synchronous machines (SMs). The key idea is

to estimate the integration error and rotating flux linkages including nonlinearity using the linear state observer

and to subtract the estimated integration error from the integration result. The proposed method is validated by
MATLAB simulation results obtained using a 35-kW SM drive.

Keywords Nonlinear synchronous machines, stator flux linkage, state observer

1. A&
5717](Synchronous Machines)S &9 of 5 A)| o]
Ha 22 2Rk HAAstr] fEiA =
7171¢] 714 w7l g Jgg Zrot
How F7I719 wih¥es 4
Foko] AANE F77Y Az
Els 7 A gl s S

ol
ol
O
flisA
ri":

oz 24 fo
2l
e
_‘—l .
N S
oy
fr
ro
o
o2
o
il
(o]

£ 2 B ojo  nZ ol Mo ud oft N
% it_‘ L =
oz = I\ =
o R g
i @
=
12
S
to
_>|’1_'4
o
I
%,
ofl
)

%
S
filo
2 mlo
ofl

> _11)11
)
fu
o
ol
ol
kl
2
Hm

Folo]  HuAlEs FAS AQE
MATLAB/Simulink 2] 35kW IPMSM Driv
Algdo]ld o BAdS AS3)

O

2 HuAs 34 v
2.1 F7]7] 2y
AAZAFA AN 57171 1A HuApge] FAst

o = Ve TRl )
o] 7] 4] ka/f::[va vﬂ}r,vaﬂ Z:[V,, v/,]T,iaﬁ::[ia iﬁ]T
727t 3R A, At AFAL e, R =
AR A EITE A ()& e Azt
st A= sk Aelskd 4 ()¢ 24 "o

rr

£ R

)"aﬂ,int = J.( Rslaﬂ)dt_'_;“aﬂ (0)
=k, +0,
714 o,=[0, o] = %E%Ur Y
A Ay o3 (1] WElE teh u} zk A8 oAE
A% oAt TdE Auds Lo

W E
o AA fasss F4E 91711 %E}.

22 #wAp FY 2

571719 dq HFEANNAM gt HuAps
Ao, T AHHACR d g F AAF YR X(static
inductance) L,, L, ¢t d q F LA AF i, 5 A&
ako] A=, 047]*1 Aol gt vddE L, =9

e 4 9tk
A0 L o] v,
A 10 L |l - 0

—LP} (L,-L,)i,+¥,
=L, iq + e

©)

=Aly
0

A7y, = AR A, A, = oL, 7R
JHEXFL ol o] A== d 59 Hl Jé LA}
S oujgth A ) BA FAmAR WHIkshd ofge}
to] ®&3 4= Qluk.

Aoy =L,i,, +R7 ()AL, (4)
714 R(8) =[cos(8),sin();—sin(8),cos(d)] = =
g5 UERE kA 2 @F A 2)0l EH?J‘SM r’ﬂ
s T} k.

1:1

m“ ml
}:M



>

=L, +R(OAL, +(L,—-L)i,+0, (5

aff,int

& Ul A0, 55 BEIER At
TS} FHE Aelehd ofde} Ak,

d

Ak, = @Ak, +d,

d
anﬂ = dO (6)
Mopin =Lyl +AL +0,,

T T+
J= [07_1;170]aT d, = |:d,1a d,w] dy = |:d()a d()ﬂ] = 7t
7y b, o] AR} e AFeell A AT @t Ay
Sh= ole WE Soln], B g4k ejol A 0] ek

#57] A7
2 AoR FHste s 4

3.4
2 (0= 3H F3t B
(73 2.
%X=A(a)r)x+d ’
y=Cx+¥¢

A@): [OJ 8} c=[1, Llx=[m, 0,]

i, 0=L.d=[d, d,]

™

Y= ;“a/f,im >

A7 A(w,),C = A7 AR E5 3 e,
M5 BE (A),C) o BAst dEEe] 7 &
SHE REJHES B5T 5 vk web A

& #5715 A ook ﬂD}

ix A(w)x+F(y-Cx-Y06)
dt )
y=Cx+W¥¢
o714 &,y = A4 BHiek E9He] FHA L FeR™ =
#5719 o5 FEE etk 74 '}%

(@]
Ti=x—% = Aojaa 4 el Aee w240
2 Bos 4 (9 A7 Ak

Eiz[A(a)r)—FC]SHd )

0%71*1 d = A7) 0 o] Y22 A(e,)-FC 34

K
2 (9)0% e AR 03 o 2 Ao—es}oa g% 3
FAR ARG U A (10)7 golArh

by =ROY-CR). C,=[0, L] (10)

4. N EYOlA HF
B e=RoA  Aokels whHe  Az=sl] 9
MATLAB Simulink °|4 #|&&-= FEM 3}4] ]9t 35kW

IPMSM Al E#0]AES ARESIlom ALk B w7 W
T &1 3 ZTh IPMSM 9] 71| 2 Fate] o))
500 RPM ©. 2 H-X%w, 180 Nm °l| s|dsh= Eds
MTPA $Fare] 2100 ofal dFAHE oz Wets o] A=
2 F7|7} 40kHz @1 FCS-MPC A-FA|o) 7|2 %3] LE}

3 1.IPMSM AR

Base Speed DC voltage Torque
2000 [RPM] 325[V] 180 [Nm]
Stator current Pole pairs (P) | Stator resistance (Ry)
350 [A] 8 109 [mQ]
adg 12 Xé A, 3 A NA 2HzE faats
4 dsheh Al Aol v ol o3
1) 4% ,OJ}—% HASHA] gFol BE A
A FA QXS 7HA AL . Wb ¥ (b))
HE SAE ANgter wAs FHA FHX)
A gho gopwE FAsha Yok

02 0.03 0.04 0.05 o .01 562 505
Time /s Time /s

a9 1A, A FEANAM Y] agA; a2 5
A2 (a) A& QA £ (b) & o3 BA

5. 48

=
fo X
o
o,
Y
i)
l=j
>
1

o, o
Kl
>

[}

== e
2w >

B 2 ot tlo
S
) JV S
o Mo
o
e S
S

J
o
"
"

FaEd

[1] Jang, Seunghoon, and Kyunghwan Choi. "Stator Flux
Linkage Estimation of Synchronous Machines Based on
Integration Error Estimation for Improved Transient
Performance." 2023 62nd IEEE Conference on Decision
and Control (CDC). IEEE, 2023.

[2] Choi, Kyunghwan, etal. "Real-time optimal torque control
of interior permanent magnet synchronous motors based
on a numerical optimization technique." /[EEE
Transactions on Control Systems Technology 29.4 (2020):
1815-1822.



