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Abstract: As the feedforward decoupling of permanent magnet synchronous motor ( PMSM) adopts double closed — loop con—
troller its system — wide transfer function is higher than that of second order which leads to the difficulty of controller parame—
ter setting. By analyzing the mathematical model of velocity loop and current loop of PMSM and its decoupling control the re—
lationship between the control quantity and the mathematical model of PMSM in double closed — loop controller is obtained
and the whole system based on Laplace transform is constructed which provides a theoretical basis for the PI parameter setting
of double closed — loop controller. Aiming at the high — order characteristic of the constructed system — wide transfer function
model the range of PI parameters is set according to Rouse stability criterion and the experimental simulation is carried out in
Simulink. The simulation results show that the parameters after setting can make the system become stable quickly and have
good robustness.

Key words: permanent magnet synchronous motor ( PMSM) ; feedforward decoupling; simplified model; Routh stability crite—

rion
: TM351 A 1003 —6954(2017) 04 - 0074 - 05
DOI:10.16527/j.cnki.cn51-1315/tm.2017.04.016
PI
0 . PI
PMSM . . PMSM
b, PMSM PMSM
2-3
4-6

’ ; 1 PMSM

(51667020)
74

PI



Vol.40 No.4

40 4
2017 8 Sichuan Electric Power Technology Aug. 2017
2) . , s \/% kv": u H s }» —
3) : i,
4) °
PMSM
9-10 R f-
o1 R. L,
Ote = fdud - fdlll fqulq ;
0
EL = Lu - EL - *dpa)i Apw
[l ! L‘] ! L ! L‘l ! L‘I ( 1)
Eb'(,:] Sp A, +(L,—L) i, : o
%o:%(Tm—TP—Fw) X
‘R L@ P 0.4~0.8 & 0.707.
T, W F ? 1 000 e
T, o J A
vigu, d ViU, g PMSG a-
LI b.c 3s/2r d q
L,=L,- o
PI
2  PMSG .
PMSG PI 3 PI
d-q o
(VSI)
Vsl 0 3.1 PMSM
PMSG 1 0 (1) d q
; l . PI
et +; S Y U, o N\ o
i \—}_‘ s i—{ PHSM )zfn: d q R
[P — ‘ U LN /
—”\(’_7 PI }—' 4’\;/,,, ( 1)
i]-
o d g
1 PMSG (2) o
1 TN u’y = pwi,
Up~U, o q q . .. (2)
u', = ——pwi; —
2 . TP
2 PMSM
PMSG 0
Ks+K.
S el 2
NCs) s( R +sL) (2) W,
PMSG PI

e 75 .



40 4 Vol.40 No.4

2017 8 Sichuan Electric Power Technology Aug. 2017
o d bas (5) (1) ® g
=0, d q ‘q
3s/2r FNS sz( T, i)\piq Fw) (6)
d q ° / 2
q
U U, 2r/3s PWM 4o
PMSM
3
\’/’H \
SHBS (M)
Tt
2r/3s q d
A q o
= | Clark  Park
] ]
1 ]
]
) i q Clark
i i Park o
]
I ] 4 PI
) < & _ l}: 3s/2r .
el I A 9 g I
=
o, X
Ly (e 2] TR R (K", -R)s+K",
G(s) =—5 (7)
3 Ls+(K,-R)s+K",
3.2 K, \K", PI
d Ly = 0 o
3 1 d
3 () ¢ A .
1, =7U, 1, tu’, T
d Ld d Ld d d ( 4) m
i, = LLL - Ei —-u’ -
q Lq q Lq q q
3 d\ q ° 4 q
u’ u’
: , ( SISO)
5 o
d q ( 3) u d= -T i'i
0w’ =0. 1.2 L@L G |
q [
[ F|
e
q Uyo L
L, =Lq (1) PMSM 5 ¢
3 M( s
T= 3, (9 v "

76 ¢



40 4 Vol.40 No.4
2017 8 Sichuan Electric Power Technology Aug. 2017
35
o 3
- T(s) +T.08) =E(s) g ),
. ) g of R
EE( s) + M(s) =1(5s) (8) % 144‘ W&%m |
3 = I N
() - Spa=T.(s) ik | T T
0 0.01 002 0.03 0.04 005 0.06 0.07 0.08 0.09 0.1
( 8) A T/s
(a)
Sx|lﬂs .
2
][:I( s) - als3 +a232+ a, (9) @ o l|
W(8)  byst +bys’ +bys” +bys + by % _SI ‘.’k’\'\\fwf&jﬁﬁ
va, =K,(K°,-R);a,=K/ (K", -R) +K,K"; a, g 'i:ﬂJ’M“‘ '\Eﬁi&ﬁﬁ
=KK'; b =LJ;b,=FL, +JK’, - JR; b, =FK’, — FR # -
3 3 2057001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
+ ]KL + ?pAKpK /p + ,]Kl - ?p)\KpR, b4 = FKL + it & T/s
(b)
3 , 3 , .3 .. 3 .. 3
?p/\KiK i ?PKPK .+ 7p)\KPK 5 bs = TP)\KE.K o 1 x10°
< 0
K K, PL . = f).’\xl”\l R
£ 2 M.'WJ,‘WW“
S e
4 0001 002 0.05 004 0.05 0.06 007 0.08 009 0.1
fit[a] T/s
° (c)q
’ 3% w0t o . .
o 2_ -
= 1 el
2ol N
11 ko) 21 4
-3
° _40 0.61 0.62 0.63 0.04 0.05 0.66 0107 0.68 0‘69 0.1
(9) PMSM 18] T/s
H(s) =bs" +b,s’ +bys” +b,s + by (10) _ (dd
1 ? x 10"
° a -8 T T T T T T T T T
1 PMSG ¢ g
§ -10 ! ' I i
54 bl [)3 b5 ,ié\ _2x 104 T T T T T
$° b, b, 0 EJ{\/ '6}
& 10l
52 (b2b3 ‘bzbs) /b, bs E 0 (|)41 (I).Z 6.3 6.4 0.5 6.6 6.7
5! _beZbS/( beS _ble) +b4 0 BIE] T/s
0 b ( e)
S 5
6
0 PI
o d .
Matlab /Simulink
° PMSM o

o 77 o



e 78 o

40 4 Vol.40 No.4
2017 8 Sichuan Electric Power Technology Aug. 2017
:A =11Wb;
F:0.0lN‘m's;w:l.lrad/s;Ldquz0.0SH; o
P=10; J=1/1 060 kg * m*. PMSM
1
K’ K, o
K, .K, “ PI
” PI
2, PI Matlab /Simulink o
wsel
o se1 ©
PMSM N 1
d q o I
PI 2014 34(3):431 -437.
PMSM 2 . DSP  PMSM
] 2014
0.5s
35(1):30-33.
° 6. 3
6( a) I
2016 36(18):1-9.
° 6(b) 4 Bimal K. Bose. M .
PMSM 2005.
o T, = 5
3 ) J. 2009 39( 10) : 18 -22.
?/\pzq T, i, 6(c) 6 . M
q 2009.
. . 6( d) 7 P Krause O Wasynczuk S Sudhoff et al. Analysis of E-
d lectric Machinery and Drive Systems M . IEEE Press
2002.
8 D Grenier L. A Dessaint O Akhrif et al. Experimental
d ° Nonlinear Torque Control of a Permanent — magnet Syn—
6( e) PMSM 0.5s chronous Motor Using Saliency J . IEEE Transactions on
Pl PMSM Industrial Electronics 1997 44(5) : 680 — 687.
0 PI 9 . Matlab
o I ( )
2004 3(2):115-120.
d q pwi,~ — pwi, 10 : dq
pr/L([ d q STATCOM J.
2012 49( 12) : 32 - 36.
’ 11 : M. 2008.
4 12 . J.
2002 19(4) :485 -492.
d
q (1989)
PMSM ;
g PMSM (1959) N N

o

( 12017 - 03 - 04)



