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Compensation for Modeling Errors in High—-Speed Operation of Surface-
Mounted Permanent Magnet Synchronous Motors with MMPC

Yujin Shin, Byungchul Kim, Younghoon Cho
Power Electronics lab., Konkuk Univ.

ABSTRACT
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Fig.1 The d—q axis equivalent circuit of the synchronous
coordinate system for a three—phase inverter system
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Fig.2 The variation of the back electromotive force vector
during one sampling period based on motor driving speed (a)

at low—speed operation (b) at high—speed operation

7| 1 Ty SI| 7|2} e

S

g 12k 2ARHE Hate] A (DS
=] Ke) Z—]Aal—

sl A (2)9} k4

o
Atk *1 @A k= HE MRS

3= (i [k + 2] g [k +2])° (3)

2L, ('d;[k +2] i, [k+1]) . 2(Ryig [k +1] - olK]Lyi, [k +1])

D [k +1|=
sl Ve [K] VoIl

ZLH( [k+2] i, [k-*—l])+ ( Riige [k +1]+ ofk] Me[k-¢—1]+e[k-¢—l])

D [k +1|=
[k+] Ve [K] VoolK]

q

4)
2o WA O R OTem M Fholl el A2l &, 2Teamp H1E
A% g3 A5 ke zboldl disk WS¢0 A& zﬁlfﬂ
A= A ) A olw ngsgTE AU HE &9
TENIE 2 (49 2ol 49 JFsstth A )3 4 (DA s,
i 71 FHIA dgF oA HFF AHE u|shH,
A0 2 2Tam &<t F7]1 FHEA 94 7 Wsph 32X
2= 7H4 3, e K +2)E o K19 5L oz ARgs 4
=

2.2 Higtot= 15 28 AlQ 34 AlAE”H 2E

7o) mels WA E A% Faprunt 2 W gl
b Aol A58 3 A A9 mUY W e 5 g
F7) el Wsge] Ao wAEA itk 44 sl o3

Ader, e, 48718 1% £ AL 3F 71 e
Gl HE 7] 2ol el fejulshl Wskd oM A
% mdo] AHgHE WAE T ARE 57 AuAs
sk WE ARel sPut weby oleld Wi A

71 2dg whaln e 7hg el o] Brlsi)
MMPCOA k+1, k+2 A|He] AF o= e

45 Nzoz Fedt. o 8 WY ArEel A8
MR e vl el E AAE A, A5 D el
o3 WS k. B8, A5 nkow g A%
A% 3] 1Tanp INE B7] HTAS] 9 2ol Solv]shA
Matelr] W] oleld odel 9 6 AuMHem

e, weba e gy

mele] 477k B4Holth

W] FHs v AF 45

2.2.1 4|8 HH X 24
71 2dy WA= k+ 1 AR T AR Ee
S AN A @ 2ol k e G71HY AR
BEh olklel FEZ TE F ABIleN dagshe
017]7(4‘?3 HHE%L lTsamp %?_}' a)[k]Tsampgl Z}'E‘ﬂ% i]%j?l'\:]—
TAE A Aell= a9 2@ 2ol k+ 1 A1He 947149
WEE k ARl HEEOR Alettlehs 2.ake] 2717} 37

O o

Jak+2 dek

Qa2 @k

T f=0T
.o NO=w
\ | loe [Klex N = \

ie Tk+2]gi

N
N O=0Tam

ie [Klox N
ige [k+2] o \d

s @k
dex dex
(@) (b)
T2 3 S| PE S0 U HE 57| 2T, S0k TR XY Hel

#3} (a) M= 2 Al (b) 2% 25 Al

= T = T

Fig.3 The variation of the current reference vector during two
sampling period based on motor driving speed (a) at low—
speed operation (b) at high—-speed operation

&7] wie k Al 971dE HHE H ool k+ 1 A
el A dFo] 7hssith ey, ad Ak dE7lel
deids 2" 20)ek Zol eate] AVI7F ddiAew A7
wfieell #Ele] 514 atgjste] ot RS B F
=< gsjof gt

[edkﬂ]}{c?se —sin@}{eqe[k]} 0 olKIT... )

ee[k+1]| [sin@ coso | e,[k]

RE

i [K +1]=iue[k]+T:i:"{Dn [k]VDCT[k]—Rside[k]+a;[k]Lqin[k]—ede[k +1]} ©
iqe[k+1]:iqe[k]+%{oq[k]v°°2[k] R [K]- elKILyi, [K] -, [k+l]}

VIE MY S T 2 A ealk <11
TAZ 2 (5)8F Zom, o]& nkdste] 2 (2)3 —’Fxé A=
2 (6)2 Zrh idqe*[k +2]°ﬂ e L3l Wyor ox=
BT,

222 85 Xg HH X 24

MMPC= @Al A& AlA kE 7IF2 F A4 v @&
Feted, k+2 AR dF @3 Aol X#H gk Akl
QA5 HAispeE kt1 AAoIAY HA FEM] Dk +1]&
Zggitl, Az BYE A 7]EY WM, kt+2
Aol Ao Aol A& ghell BFshE gk +2]7F 2Tamp 017
AR kellA o] Ao A1 2k i KIS frelvlskAl thEA] Stk
7He Agsith wEbd, HA wEN] 2E5HS g v8dr
AL A1) vl Ao AH ik +2E i K 5L o=
A3,

ey ag 3% 2ol k
AAOZHEE 2Tam o5l dlEshe k+2 AR 57 FxA
A ek AR 7] FuA A 43 2 Atolg ZEeth

Agle 1E @ A,

o] k AllA e A AE Ak e KE k2 Ao wE
AF AR gl adE AL Ae, AR F9 A
SREA @k A4 RN EHE AT MEdE AL 24
Aol @347k WAl Ak,

i, [k+2]=[sinc COSO‘]|:: {H 0 =20K] Ty (7)

g} Ze W AR A e oAEZ wBAE] 94
i[O 2Tanp O] NG gt LET ik +2)°]
FAL A e paluly

3. &=+ 2X0l mE Mo 22 =4
31 ME+ X2 28 S 2R

- 257 -



05 05 002
-0.06
Aige e [A] O Aige o [A] O

-0.10
-0.14

-0.5 -0.5 |
—

2 2
~0.08

x10¢ 0 : : X104 0

0.04 “"0.04
-2 0

05 05 ‘ o1
0
Aige o [A] O Aige e [A] O -0.2
03
0.5 05 | '8'§
27 2> N B
" - /ﬁa ’ . 0,08 M 0.6
2

AL H] R[] AL,H]

(0) (d)

R[]

o5 Slciein, 4 g 20| 4l
gt @xpoll W d% % ol 2t (c) d§ ._IE*EM o et o3l 142
oF MR 0I5 23 () oF QIS 4 M X0 WE oF HF ol

Fig.4 The synchronous coordinate d—q axis predicted
current error caused by parameter error (a) Prediction error of
d—axis current due to d—axis inductance and phase resistance
errors (b) Prediction error of d—axis current due to g—axis
inductance and phase resistance errors (c) Prediction error of
g—axis current due to d—axis inductance and phase resistance
errors (d) Prediction error of g—axis current due to g—axis
inductance and phase resistance errors
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Table 1 3-Phase Drive System and SPM Synchronous Motor Parameters
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Fig.5 Simulation waveforms applying three—phase system modeling during
high—speed operation
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