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HRL4 1 5] AJEZe Tk |l 55 R S BHR, OF Hix
TH T v i BOULIN & T SR sl AT Al T S T
P R G R P S, SCHR[S ] $2 i 1T —F
B 25 A RS RN B RO TR
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Fe ZGERI SN -5 N RS BOR B 5E PR U 45 0 - 4R
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T AR R ik ESO ik
SCHBE ARG B, WFFE N BT T AR ESO LA
e RGUILEIRE Sy, SCHR[ 9 T3 IN T —Fp ARt
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7R 22 WSS A 0 Ry T I B, IR IR ) T R R R 22
REMETEAT PR Ta] Py e 8 2 i o, (FR  PRAH IR 5 | 7
HR R IR D)4t 2 5 W Bl A iR 22 5 17 Z ) Y
KANRZRIATHY, L PR Al REAAAE U A 5
M 28 ] P RE . SCHR[ 14 ] 4 iR ISR R 48
B BRI RO 25 1Y 5 v, JF 45 s 7 BB E B,
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AIER SIS AT LI R, SEER IR UE T BTy vk
A 5
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AR SCLA R MK 7] 20 AL R X 4, B T
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NS, p, AR, o, KK ARG E

EEF R IRR N

Jdo, B

ro-1, =L B 2
e L D dt +pnwr ()
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SRR, B RREEEE R A
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(1) 5K (2), /LA ST PMSM AL A 3 5 ¢ %l
LI B — B R4
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W = bll'qRef + d<t) (3)

Hor, by = 3pb /20 F—AHE BB d (1)
= b, (i, — i) — (p,Bw, +p,T,) /]33 q Hlid TR
MR 2 B DA R B I 56, i WERSE ¢
RS HEE,

IR TR AP R ML AR S 4 ) o L AR G 454
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AR e o L 0% 22 TR AT B BE R AT U, 1 5k
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FIHERIE R, AR — R Z AL PTARN S RN T .
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35l e, e, = e/e, e, TR ARG HIREIMEAN

T A5 SN ¢
TR o AR (5) i,
o LI/ ) (I | |/>1 "o ql—q )ln((l +l;))/("55"/q’+](0> +];0))
= 1 1
ate,) =0 (5)
/P, e, l <1 +P721n(] +£)
H 3 X0 Ho p(py —q,) k,
He pq py g IRHIEFEGHWRO0 < ¢, <p,,
0 < q, < pyo BLBT R EIG 2 L e, 150V sé& 9 )+(1h>y41+5)um
S LS 2R et e T AR 15 2 7 AT Proqu A T
FEHE Y,

W2 ps, IR EIRZERE e(0) =3000r + min ™',

1
TREZEFEEM A 700 - min~' (1400 r - min~

2200 r - min ", HABS BRI TA], A] L& B 1R 22 1) 0
SNt RIBE B e, AL KB 4 45
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MIRZEVIE e(0) > e, I, ale,) =p/q, T
R (T IRE K

—p1/ .
epli)l B (z) epu

- pe, (1) — ky (6)
BEARZWIE e(0) ZadiiE] ¢, I E e = ¢, ,
sk (6) , ATLIFEH] .

e L A CREOR)
(7)

HiRFE e =e WHZE e =0Mf, ale,,) = q,/p,,
g i a] o, F(8) A%
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I
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p 1 4 1
(P1/C]1 -1) (1_(]2/172

) )ln(l + ;%0)
(12)

1 B 12) T, IR e T AL
RRASF ] e 84, W SRS 18] 5 p ko p, /9, <o/ Py HI R

W2 e(0) A K, 7] LUl K p ko p, /g, /N
q,/py KA FCEET ], 2 (10) RO (1) WAL,
DREVIEA R, e 8K ZR G0 1 Ui S )RR, I
LIS SIS T i ) 28— A A 8 5 25 A

HE S R 2 AR
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TERCT R G, PMSM s 2 A1 1 AH W 5 | i J3E

Pt 7 e R GRS WS | B ik R U,
SR TR I BRPL kB RO R GER R (X (3) ) S A

o (k+1) = o (k) + T.(bigz(k) +d(k))
(13)
[ 3, W5 | (5 (4) ) B E 15 .

epu(k +1) =e, (k) =T (pe, (k) + koe:fflﬁp“)(k))

(14)
EXRGIREIRZE e(k) = w4,(k) - o, (k),

G (13) AT RIES:

e(k+1) =@, (k+1) —0,(k) =T, (big, (k)
+d(k)) (15)



=}
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AT EWSIEER(14) EW5— KX (15) #H17
FRLACAL R S BREE R ©, = e,, FI15,
wl‘ﬂcf(k + 1) - wr(k)

wl)

e (k+1) =

- DB +d(R) (16)

B (14) A (16) FT LIS H R Ge A R AT [R]
PN
() = g (@ (k1) = 0,() = e, (k)
d(k)
b,
(17)
TR A (7)) BB T TR d(k) , PR
RGETCHE HAR T, BT LA 20 AT A . A3
BT B 2 A9 A BRI (] 97 5K R 25 WL 4% ( finite
time extend state observer, FTESO) %} H 474k 11 IF:
HEFTAME

eo :zl_wr

wj ale
+ f:(Pepu(k) + koemf w (k) -

2 =2z, + byig, - Brsign(e,) L e, 1®  (18)
z, = - B,sign(e,) | e, | ™
Hr, z) W o, WANTHE, 2, ARSI d(1)
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fit, R FHSCHR [ 17 ]38 A9 vl 1 b AT S R0 E |
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SIE M Sk R
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XTAEREWRELREN e > 0, AT (r,-,
r) e R, Hd r >0,i =1, n, [HI15%pRE0H
Ji
[i(&"E 6%, e7E,) = " (€), VEe R
(20)
Hrfrk>min (i = 1, ,0), MFRZREOE T
ik (ry,oe,r,) BASERME, HFFWREER b, FRIZR S
HHEAFFRIE N b HFFRRGE
s1E 2™ WP RGEA(18)  WIRSEGH L -

n-1

<a<l (21)

o =ita-(i-1), 1 <i<n (22)

MARGER(18) KT ia - (i -2)a_,o, HA
a — 1 SR, o n RoR RGENEL

SIE 3N 5 — ARG R FTR R Lya-
punov f2 & 1Y, T HEA 705K MFRIZ R G2
A BRI e S

IERR X R4 (18) 474 FRET R W Sk

WRAEFIH 1 A5 2 H T o, =2a, -1,0.5 <
a, <1, MRS (18) BHA o, -1 B55FIKE, H
a -1 <0,

SHFRGEA(18) , 7T LIS 2 R G0 A 1R 22
ST AR ZE TR e, e, , M.

e z —w
S
e, z, —d

. e, 5 -w - Bysign(e; ) | e, 1* —e,
E:H{ l:[ﬁgm }
e, z, —d - B,sign(e,) | e | ™

(24)
FJ1& Lyapunov PRECHNT .
V:l'fza | e, 1" +0.5€e (25)
2

XF(25) KRG 5 AT A3
V = - B,sign(e,) | e, 16, + ey,
= - B,B,sign(e, ) | e | =™
+ B,sign(e,) | e, | “e,
— B,sign(e,) | e, | “e,
= - BiBysign(e;) | ¢ 1 <0 (26)
DRI ARl 7 |3 3, R e (18) HUA 11 1 S I B
I HJ2& Lyapunov 2 i, W R GE X (18 ) 2 A7 BRI [1]
WS
UEHT AT IS B 28 FTESO #M32 5 [ 2 il FDA-
FTESO

(B = (@ (k1) = 0,(F) = w6, ()

wl) Ol(t?pu) )
# e (B) + kel (B)) = )

(27)
TREA DR 6 X (27) WA HE R, an
3N,
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B3 FDA-FTESO #=§ 77 ik % 15 Hl 2 & iER

2.3 HERESHRT

FEBN R (3) PAAEELSI ST d(1), W
S (4) A AR MG 1 221 i 37 2P0 30 )5 1) R e R
ERRZ S SR, R =t (13) FRAR (27)
IR B T 05 L AP AH IR 5 | A BRAR R 22 2 A T

(8

G = =Pl = ko™ + d (28)

Hif, d = d - dFoR TFlfiHes, sk d A
ERIFHE d < d,d BTRAGTHRER ERE,
EI 1 EE PMSM # ¥ RZE R (16), 18
W5 (28) fER , RGEIRER R 2e, 225 A BRI
TS S (A, Ass) FUXTFRIX SR A, Hor
Ay < min( (d/k,)"*, d/p) (29)
IERR B Lyapunov BRELV = ¢ /2, X VR T
FHs A (28) FAATH
wrl e

pu pu

I‘/ = épuepu = _pefuu - koe
<-pe —hyle, 1" +dle,l
<-pe, = (kyl e, 1“=d)le,l  (30)
R (30) H, HRUE VR — A GBI kol e, |
—d >0 W7, A5 e, | > (d/ky)"", BIFAAS IR
W Ay, < (d/ky)"™,
W e, | > (d/ky) "™ B, H3(30) AT %1
V<-pe, =-2pV (31)
AR AR (31) AT AR B RS IRER 1R 2 e, H
Cpu(O) q&ﬁi%Aggl HTJ‘E?%E‘JH#I‘ETJ Tl g Tlsup ’T]sup ﬂﬂ Tl
L BB AR

T = fv"l/(sz)dv
Vi

Isup
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= (InV, = InV,)/(2p)

= (Ine?, (0)/2 = In((d/ky)**/2))/(2p)

(32)

WG ZE py gy po g YIRIERE H o 92 X
AL et > 0 TERLSE , BRI AT LK 24 (30) 5

a+l

L ~ ) ~
Vi=e,e, ==pe, — ke, +de,

<kt = (ple,l—d)le,l (33)
[FIFLEA ploe, | —d >0, fitf e, | > d/p,
B ASIR L Ay < d/p.
Me, | > d/p i, Ha(33) A%
VS ket ==k, (21V) D7 (34)

M RGEREFIRE e H e, (0) WA, N T
MBS T, < T, oy, N T, B BB IE] ST

V
T — f 01/(k02(]+u)/2v(1+u)/2)dV
V2

2sup
ol (V2 _ a2y
k(1 —a) 2
1 —a < -a
=m((€pu(0))l - (d/p)'™)
0

(35)
PRI s B 1 ARHIE
F2 h(32) 5 35) T, REK SR
BRI S B AR A iR 22 N, O 3 (29) AT T,
TRASREN SN LA L, BRI p F1 ky 7T LI
UNEENPSEL N BV 3 S RN ESS PN ke
Witi, DL, p A1k, MIUET 236 % B R AR
PERE Sl 4t

3 EZRERSN

DRy S UE T B 47 i) SR W F A AR A — X
PURIARSEE - &5 B AT IO UE, AN 4 PR, 505
-5 E RGBS 0 BT A A 4
A AL IR AL B IE B, TR PL T AR
FEARE X R AL S BRI S A, i 7R i
ar LSS HLEL DL K g B A SER Y . HUURER
K FHFLS) (proportional integral , P1) 5 il #% H. 2 %0 AH
[F], FEL A PR BHA T 400 2% 2 20 kHz, 380 B PR BRUA T 00 2% Oy
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B IR TR LA PR 5 | A4 KR [ A0 R AL IR A ] 3 475 o)

2 kHz P 5 AL S BOATR] , a1 B

TS

B4 RzhEE

x1 BIERHFEESH

24 il ZH Bl
d.q SHIERL, L/7H 0.000 193  BUEEZHIE/V - 48
FEFHHR /Q 0.15 B A LT A 7
KWERWESEY /Wb 0.0156 HEINR/W 400
géﬁ%mﬁi 0.0001 ZUEHH/(N+-m) 1.27
J/ (kg + m*)
WA Ep, 5 BERHE/ (r-min~') 3000

S BAIEAR SO Ty s B DR I ST e A 1)
ek, SRS PLEERIERHEAT LI X L, SEge
PRUEAS [R) J7 ik 22 1) B X6 b2 S | 78 45 8 %
3000 r - min "I, 3B 2 Fh I AS 09 S B0 4F
i HAR BN B B PERBOR . P & 19 L 13 45
ARSI T i L S s AH F] k, =0.28, p =
k= bk,/2 = 304.5, PI¥HI#BUME LS £, =0.002,
YIRS 8 p, =7, 9, =5,¢, =3, p, =5, %%
PR 25 FEVE I 2 200 r - min~" A BRI ERR S
NI ZH5 5 w, BTN 100 Hz, 255 HHHE 400 ms 25
SEREH 3000 r - min ' ,2 R AR M SLH 45
mE s B,

MR LUE i PS5k Rgeny BT
[ 342 135 ms, AR SCRT 42 5 12 T RS0 FHI ] K
2977100 ms, HICH RIS, BRERH I [T EOL
W, I PRSI B BIRRE I ARG &
460 ms IKF|FE

2P FEHALBATTE 500 1+ min T A L
TR AL TR ML I 25% BE 2R, SR G 4h e
F R 3000 r - min " SRIIEA ST 5k A 8
JA B PERE . LIS 58 155 R 36 Hz, A 5L 3 S5k
5K 5 —2, L ai R mE 6 s

¥ .

E lqRef . r‘é

Sg .............. 135 ms, | = ==

= AN

£ Opa—| L . 3000 r/min

g el
i A /(100 ms/#4)

(a) PLEEHITr i i | b L 0 2 300

% i .

E lqRef _— lq

% 100 ms 2:;'

R

£ O L 3000 r/min

g : g~
i8] /(100 ms/#4)

(b) FDA-FTESO il J7 i3 g il H 3 S 508
B 5 =#HEKEENE 2 FiEHl A ELEER

ES . i

S lqRef \*F‘;lq-M“_

<] IR S B 150 ms el pe

E 500 min R | L / 3000 t/min

£ / H a)r

s pel
A 5]/ (100 ms/#%)

(a) PUAESRITr kI g fh e i SR8

€ ; g

E lqRef \hrilq ¥

= 3o 145 Myt L

E eref \

< 500 r/min ~w 3000 r/min

s a t

g pimi B

H‘Tl‘lﬂ/(l:00 ms/#%)
(b) FDA-FTESO #7717 3 g il B I 52 B0 B
Bo6 2H#MEHAEZTHHEHBIXBER

MIE 6 7] LLFA A SO 5 T Rt
K258 145 ms, H TG IAM SR KL, PLEEHIJ7
T RS L FHEHE] R 150 ms, 7 560 ms 4b ik F
FE I HA B AR IS

BT E S R (B e, X RGBSR TS 1 5
M), 73 591 158 2 i 15 2 W {fe, 4 700 v+ min ™' |
1400 r + min ™" JREFHANSEAE | SCERE5 AR 7
firs. B 7(a)  (b) P RGER L FHRTERK A 130 ms
1120 ms, IF45GE S Al B e, BY3E N, REGEHY
WS SIS AT AEAS TN , 295 38 20 BT o
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¥ i N
2 qRef I
- e
% E tl_:L—
£ R S - 130 ms, I<---------:>| ==
E O { ~w, 3000 t/min
g : i
i 1) /(100 ms/H%)
(a) e, =700 r - min "' B RETHEE (g il LIRSS B BOE
= ; ]
RS ¥
< qRef Ly
- P pn
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=
E Oger—| o, 3000 r/min
g i

Ba‘l‘rﬂ/(lbo ms/#%)
(b) e, =1400 r « min~"Bf RGEHEH g Tl 7 5L 90 POE
B 7 FDA-FTESO Z#l A ixFHiREEERRMLIEER

SKIAIEA ST B FTESO (L i 83k sk, 5
SCHRL 8 ] BT $ 2k M4 7 R 25 W0 2% ( linear extend
state observer, LESO ) #4752 50X} [, LESO B4 9
[F] FTESO —3(, 7EHHLIZITFE 3 000 r + min ',
TR R 670 28R L AL S 0 5 T 5 U 1 £ 8, LAt 2 IR
FeAAE S st Rk 8 fiw,

S i :
B A R M s oo emns s W
] \lqRefE jrj=_
& rRef> :
£ A N
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it 15 /(400 ms/#%)
(a) PLESHIIT IS e g B ISR W
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> q
g J‘\lqRef : i tl:l_
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¥ S
E ~
5 tniﬁ’ \a)r {;ﬂ?ﬁ 3000 t/min
: ==
Fiet 15 /(400 ms/#%)
(b) FDA-LESO f5 il J5 i (g Bl i sE g0 ]
£ b l
< I - % ? "
) TRef \lqRef =
x ; -
E Uﬂ?}i} \a) Q;ﬁ;\i 3000 r/min
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(¢) FDA-FTESO ¥l 7 i 2 | g Sl B 8 52 36 B
B8 3 FiEHlAEMREEEER
— 288 —

M Al LA Y PLFE I 7 ¥ 9 P s 4 i g
RS, Z YU R G A R P s BOR . LESO A
A —RE RIS RE T1 , F GE 52 P ) e 18 i s A
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A finite-time control method for permanent magnet synchronous motors

based on a per-unit two-phase attraction law

WU Chun, NIU Dejun, CHEN Qiang
(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023 )
Abstract

A finite-time speed control method based on per-unit two-phase attraction law is proposed for permanent mag-
net synchronous motors (PMSM) suffering from load torque and other disturbances, etc. Firstly, the speed is trans-
formed into the per-unit value to construct a per-unit two-phase attraction law with ideal error dynamic characteristic
curve. Then, based on the two-phase attractive law, a speed controller is designed. At the same time, a finite time
extend state observer is designed to estimate the unmodeled dynamics and external disturbances in the system, and
finite time convergence of the speed tracking errors is realized. Secondly, Lyapunov function is constructed to ana-
lyze the stability of the proposed control method. Finally, the proposed method is verified in a PMSM drive plat-
form. The experimental results show that the proposed method achieves fast speed tracking without overshoot, and
demonstrate its good dynamic and steady-state performance and anti-disturbance ability.

Key words: permanent magnet synchronous motor( PMSM) , per-unit, two-phase attraction law, finite time

control, finite time extend state observer
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