ISSN : 1226-7244 (Print)

ISSN : 2288-243X (Online) jinst.Korean.electr.electron.eng.Vol.23 No.2,628 ~635, June 2019
=EH3E 19-02-42 http://dx.doi.org/10.7471/ikeee.2019.23.2.628
279

94 293 F35E 74 DTC 7|8k IPMSM)
Gefolq mE AojB ol §3 %34 P

A

Improvement of Dynamic Response for IPMSM based on
DTC-CFTC Using Sliding Mode Control

*
- * P *
sk |t uk o 7 o] W

*
Byeol Han", Yeongsu Bak’, Kyo-Beum Lee"

Abstract

This paper proposes sliding mode control (SMC) method for improvement of dynamic response for IPMSM based on
DTC with constant switching frequency. DTC with constant switching frequency method consists of PI torque controller
and triangular comparator for constant torque error status. It has the poor dynamic response compared to conventional
DTC. This paper proposes improvement method of dynamic response of DTC with constant switching frequency by
using SMC. Simulation results confirm the effectiveness of the proposed method.
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Table 1. Switching table of conventional DTC method.

E 1. Ul DTC 7|8 el A9& EHol=

b0) | Yo | % | Ow | %) | Y

=1 Vo Vs Vi Vs Vs Vi
P=1
T=-1 Vs Vi Va2 Vs Vi Vs
T=1 Vs Vi Vs Vs Vi Vo
Pp=—1
T=-1 Vs Vs Vi Vo Vs Vi

Torque Regulator Switching 2-Level
P — | Table Inverter
T, re; T err| | PI Torque TL ! Tcrr‘.smms
+ i | Controller +_ /v\ N
- Triangular | Carrier ¢ : Cabe “\:}
TU i Tp]zj\ AA S ‘ err,status \\A/
! 4 ‘
! T| vV
A,\, ref A«g r 2]
t
Ag i e
s Flux, Torque wh a,B @b
Estimation abe

)
[(IPMSM
N/
Fig. 5. Block diagram of CFTC method.

a5 o4F 2903 FuE 7Kl DIC 7IHe 28k

(630)



282 jinst.Korean.electr.electron.eng.Vol.23,No.2,628 ~635, June 2019

AREA Sl DTC 7|He B4 2 Hu A% F4
7], 8l =" g Al xﬂovl, 2914 HeolER FAe
th QlvbskE A WME e 4" &g YA
P} slzE a2~ Aol7] F=ol| wep 2=9F
glo] el Al A7 wtt

I3 4= d9rEe DTC 7|He E&=5 e

H4 1 DTC 7199 2914 Eﬂ olES %1

H(CFTC)E YERdAT dukAl CFTC 71 A
z%z;]_ xqo]- BJ]H_J /‘\j o
Hq Aeste] EaE Ao]s)
I} frAbsheH 111,

Ea 8 AL FAVE F3 IPMSMe| E
Aot A&HS ALtsie, AL s e A~ Ao 7]
2 A% oA FHE AAsta, 2993 HolES
o]-gste] st WEgE Aggttt. dnkAl DTC 7]
Hol A= 3l =E Al 2= A7 & %‘H EA 24
BHE A7 zﬂ} ol¢} ], CFTC 71§ elA & PI
EA Aeolr]o & Aot Hl st E= 9
Z2HoHE EA oA FHE AA e shAv
CFTC 718 ¢uk# ol DTC 7ol nls)jr %3
ol FA vH10].

Oy 62 EA #HEd oy o3 EA oA A
HE YetdH, E3 o3 AEj= 2 (7)3 Zo] PI
E3 Aor)e] FE(T)% 42 aH(Carrier) & H L

1, T. = Carrier
T'ernstat'u,s = { (7)
-1, T, < Carrier ,
o 7|1A, Twi= PI EA Ao]7]9] &8 o)t}
T
r T.  Triangular Carrier
17

AR,
Vo VoV
1 |
o] l
LU .

Fig. 6. Torque error status using torgue regulator.
J% 6. E3 2| 2a(0lEof ottt ET 2Rt AEH

lNl. & etst= SMCE ol &%t CFTC 71

19 78 AEHE SMCE ]88 CFTC 7199
Aol E5%=E vErth 2-dd JIHE R HE7
g &8, Ao BE5%= SMC9 CFTC H-#2
2 A ]

Switching 2-Level

PI Speed ‘Tn:/‘

U “ [PTTorque] 7.

Wyef Derr, ) Terr [ }_‘ Lorrstans
+ Controller [T + \SMC M| Controller | F_ A,
T,

Wre |

/-s.ref

Triang ular‘ Carrier

Table Inverter

“ [Sabe {K}
o

/1(’!'!'. status, R

.

: labe
Flux, Torque “f aff L

Estimation abe

o
DJ— ’

Fig. 7. Control block diagram of IPMSM based on CFTC using SMC.

12l 7. SMCE ol &gt CFTC 7[Ete| IPMSM Aol =5

(631)



Improvement of Dynamic Response for IPMSM based on DTC-CFTC Using Sliding Mode Control 283

1. £gold B= Ao

a9 8 19 79 SMC £=% 5 yeldt) SMC
=92 B35 gse Sdtold W SMC o5
Konc®l #s 9493 gsto] Alikgit.

SMCE HIAE Ao 7o g Sefold ol
at AAES AAs ] A e 2 e AAs
E4o] AtH5-6]. ¥ =FoHqE IPMSM E=9]
&8-S FEAT7] flske] SMCE A &3ttt 2
()%} Zro] IPMSM E =9} A& E=9 xto]el E
A LA Te) ok B2 2210] A5 §ote] &etol
9 EJus dAg

Sur face = ”,+k/‘T6”dt (8)

047]/\1 EA ‘?“X]— ZZ—'(rr - ﬂ'(ﬁf_ T'e = 7;@fE‘ X]Eg

Edoly, k= &gheld W 74 (Sliding Surface
Coefficient) ©] t}.

SMCellA E= 2zt gro] £etold HH
a7 AeNE @] A@ AL wEd ok
g}

Surface =

7,4k [ T, di=0. )

Surface Signum function

Uy

Tor T, +k[T, dt _’I_ Kone

Fig. 8. Block diagram of SMC.
I8 8. SMC 28k

2199 23wt A @)= 4 10022 xd
& e

1_'67’7’ :7]{;\/‘ 1_'67’7’dt ° (10)

SMC #8% 918 4 (1D o] 48 7zxo
PI £ Aloj7]sh 7bA F2e] &ebold Fuow
Aol Qge AR e

Uip = Topp + K,y sgn(Sur face), (11

A7V, Kance Zeteld RE Ao o]Soln,
sgn(Swface)% l‘%i stol ),
Ao71el 4ES A (1D o] HAHs}

L=
S S5 el 4R SAE 2, 4 el

Mie B ox7F 0082 FHE7] gio] 7bH T
Z9] SMC+= o]z FHofsto] Ao]7] Z=d x|
B & (Chattering) &7o] @Ay gt}[5]. o] & ¢stst
71 f18) A (12)9F 2ol &gtold HWS F3& 3
T8}

(Surface >0)

1,
sgn(Surface) = { 0, ESurface =0) 12)
—1, (Surface<0).

Table 2. Simulation parameters.
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Fig. 9. Simulation result about IPMSM torgue control using
conventional CFTC.
a7 9. kel CFTColM el IPMSM EZ MO AlZE|

ojM Zxt

Ia[A] Ib [A] Ic [A]

10
s ‘
o
5 A
-10

Ref. Torque [Nm]

Torque [Nm]

Stator Flux [Wb] Ref. Stator Flux [Wb]

0.9 Etaindetsnsmniags

0.8

0.7
0.4 0.5 0.6
Time (s)

Fig. 10. Simulation result about IPMSM torque control
using proposed method with SMC CFTC.
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Fig. 11. Simulation result about dynamic response of
torque control using conventional CFTC.
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Fig. 12. Simulation result about dynamic response of torque
control using proposed method with SMC CFTC.

g 12, X E3 7ol mE K etske SMCE 0| &8t
CFTCOlMel £3M AlEaolMd A1t

a9 13¥ 29 14% 727 dukE el CFTC 719
I A= SMCE o83 CEFTC 7|RiollA 9
IPMSM &% Ao AlE&dold A¥3E e
F3F EA= 15 Nm= AAgstgen, & Hu 2}
42 09 Wbz AAsdth A® F$E& 300 rpm
oA 900 rpmo.Z A At B g Egolg e
Abzbsl F7]1E 150 psol, T,= 60 Nmz A A3}
Atk Edtold #HW AF ke 12 dAs9n
SMC °l5 K= 42 243kt

% 15, 1% 162> dukd <l CFTC 71 3 A<t
3= SMCE o] &3k CFTC 71HolA A8 £= 7}
WA BEF 840 #E AlEE oA AYE U
Ebdfith H3F B3 15 NmE AAsglen, A3
£5= 05 so 300 rpmel A 900 rpme. = A A s}
Ak 19 150 e ARkA <l CFTC 7] H ol A
B3 Ao] S5 A7 161 msolw, 19 169 1
Bl AlQtet= SMCE o83 CFTC 7IHelA &
A Aol L9 AE 118 msolth. AxHo=w A

(633)



Improvement of Dynamic Response for IPMSM based on DTC-CFTC Using Sliding Mode Control 285

Rpm Ref. Rpm

800

600
400 /

200

’ Torque [Nm]| Ref. Torque [Nm]

. Stator Flux [Wh]

Ref. Stator Flux [Wh]

08

0.7
0.45 0.5

0.55 0.6 0.65
Time (s)

Fig. 13. Simulation result about IPMSM speed control
using conventional CFTC.
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Fig. 14. Simulation result about IPMSM speed control using
proposed method with SMC CFTC.
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Fig. 15. Simulation result about dynamic response of speed
control using conventional CFTC.

% 15, Metst= SMCE 0|23 CFTCAHlAM S| IPMSM &
T Mo Algalo|d Zat

Torque [Nm] Ref. Torque [Nm]

60 AN 2 AN A AAIAA S a AP A
LiAada s e aand-ay

Ak
vV

Ay caur AP A e Ao 1.18 ms

0.496 0.498 0.5 0.502 0.504
Time (s)

Fig. 16. Simulation result about dynamic response of speed
control using proposed method with SMC CFTC.
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