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PIEU KHIEN TOI THIEU TON THAT HE TRUYEN PONG
PONG CO PONG BQ NAM CHAM VINH CUU CHIM

NGUYEN AN TOAN
Khoa K¥ thudt & Cong nghé¢, Truong Pai hoc Quy Nhon

TOM TAT

Bai bdo dé xudt mét thudt todn t6i thiéu tén that cho dong co déng bé nam cham vinh citu chim
(IPMSM). Dua vao mé hinh ton that cia dong co dong by nam cham vinh ciru (PMSM), thanh phan truc d
16i wu ctia dong dién stator dwoc diea ra dé giam thiéu ton that cong sudt. Dong dién nay dwoc xem xét trong
hai truong hop: t6i thiéu ton that ¢ trong vimg giéi han dién dp va dong dién, va toi thiéu ton that trén bién
gidi han dién dp. Bdo hoa tir ciing duwoc xét dén dé ting do chinh xdc cua thudt todn. Cudi ciing, két qua mé
phong khi sir dung thudt todn dé xudt va mot thudt todn diea ra gan day dwge so sanh va déanh gid.

Tw khéa: Dong co déng bd nam cham vinh ctru, tén that cong suét, thuat toan t6i thiéu ton thét.

ABSTRACT
Loss-Minimization Control for Interior Permanent-Magnet Synchronous Motor Drives

This article proposes a loss-minimization algorithm (LMA) for interior permanent-magnet synchronous
motor (IPMSM). Based on the loss model of permanent magnet synchronous motor (PMSM), the optimal d-axis
component of the stator current is given to minimize power losses. This current is considered in two cases:
loss minimizing in the voltage and current limit interior and loss minimizing on the voltage limit boundary.
Magnetic saturation is also considered to improve the accuracy of the algorithm. Finally, the simulation
results using the proposed algorithm and an algorithm introduced recently are compared and evaluated.

Keywords: Permanent magnet synchronous motor (PMSM), power loss, loss-minimization
algorithm.

1.  Datvin dé

Véi hiéu suét cao va ty 1& cong suat trén khoi lugng 16n... PMSM rit phi hop cho céac tng
dung trong cac hé truyén dong c6 ngudn cung cip han ché nhu pin, ic quy. Dé tang tinh canh
tranh ctia san phdm thi mot yéu cau dat ra cho cac ing dung nay 1a phai ting thoi gian st dung
pin (dc quy), hodc ciing c6 thé giam kich ¢& pin (ic quy) néu can thiét. Khi d6, diéu khién nang
cao hiéu sudt PMSM tré thanh mot yéu ciu quan trong. Vi vay, viéc diéu khién tbi thiéu ton that
cho dong co nay can duoc nghién ctru chuyén sau.

Tén that dong co bao gdm ton thit co khi, ton that dong, ton thit sit, ton that phu va mot
s6 ton that khac. Mademlis va cac cong su [1] dd xay dung cong thirc ham ton thét trong hé toa
dd d-g, va suy ra cach dé giam thiéu ton that theo dong dién truc d. Nhung tdi thiéu ton that trén
bién gidi han dién ap ¢ toc do cao chwa duge xét dén. Jeong va cac cong su [2] da xét ving bio
hoa va tach kénh trong mé hinh ton thét, va img dung phuong phép Newton online trong tim kiém
gia tri toi vu. Nhung mot nghién ctru t6i wu & ving tée d6 cao ciing chua duoc xét téi. Lee va cac
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cong su [3] da dua ra thuat toan giam thiéu ton that bang phuong phap Lagrange dya trén mé hinh
ton that cia Mademlis [1], va da dung phép xap xi dé tim nghiém trén bién gidi han dién ap.

Bai bao dé xudt mot thuat toan tdi thiéu tén that dua trén mo hinh ton that va duoc sip xép
nhu sau. Muc 2 trinh bay m hinh ton that cong suét clia dong co theo ham toan phuong clia céc
dong dién, cau hinh diéu khién ma tac gia str dung va mot sé phuong phap giam thiéu tn that da
biét. Giai bai toan téi thiéu ton that v6i hai truong hop riéng biét va thuat toan ti thiéu ton that
duoc dua ra & muc 3. Muc 4 trinh bay két qua mo phong khi sit dung thuét toan dé xuét, sau do
so sanh v6i két qua mo phong khi str dung mot phuong phap dugc dua ra gan day [3], va déanh
gia két qua. Cac wu diém ndi bat cua thuit toan dé xuit duoc tong hop ¢ muc 5.

2. Mo hinh ton that va mét s6 phwong phap ti thiéu ton thit da biét
2.1. Mo hinh cia PMSM

Trong hé toa d0 d-g quay déng bd v6i van tde dién ®,, quan hé dién ap va dong dién dugc

U | _ R +sL, -olL, i . 0 )
u, oL, R+sL |i| |ow,]|

: dién ap dau cuc theo hai truc d, q;

biéu dién nhu sau [4]:

trong d6 u,, u,

R : dién tro stator;

s

L,, L, : dién cam doc truc va ngang truc;

w : toc d0 dién;

e

iy @, dong dién stator theo truc d, ¢;
v, : tir thong nam cham vinh curu.
Do déc diém cau tao cua rotor nén dién cam truc ¢ cuia IPMSM 16n hon so véi dién cam

trucd (L, >L,). bat & 1lahé s6 nhap nho:

§=i>1. )

Gidi han tir thong rotor c6 thé dwoc phan anh qua L, va ngudn dong ao i, [5]. Khi do, c6

thé xem:
W, =Ly, 3)
Momen dién tir cua dong co duogc tinh theo cong thirc sau [3]:
3 . ST
T, =Rl [i, = (&=, i, 4)

trong d6 P, 1 s6 doi cuc.
Goi 1

§max

la bién do dong dién 16n nhét. Lac do, gi6i han dong dién dugc biéu dién 1a mot
duong tron (Hinh 1) c¢6 phuong trinh nhu sau:

-2 -2 2
g iy <T0 .- (%)
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Dién ap roi R, va R, trén dién tro cudn day stator la nho so véi cac thanh phan khac

trong ving toc do cao, chiing thudng duoc bo qua khi chon gidi han dién ap. Rang budc dién ap
trong (1) trd thanh:

(id+if)2 . z';
Ul ! @21, UL a2l

S max s max

(6)

trongdo U, . =U, / NERH dién ap dinh 16n nhit cta bo nghich luu. Gidi han dién ap (6) 1a mot

ellipse (Hinh 1) trong mit phang (i 4> i,) - Ellipse nay co lai tai (—y/m /L, ,O) khi téc do o, tang [3].
moémen cue dat < q Gidi han
trén tu thong A

dong dién

e S W [T
()
PROC N
®

G161 han
dién ap

Hinh 1. Puong tron gidi han dong dién va ellipse gidi han dién dp doi véi IPMSM
2.2. M hinh ton thit ciia PMSM

Ton thit cia PMSM bao gom ton that dong, ton that sit, ton that phy, va mot sd ton that
khac.

Ton that déng cua PMSM phu thudc dién tré cia cudn day stator va dugc tinh theo cong
thire [3]:

P, =3R5152 =§RS (i +1). (7)
2 2
Tbn that sét, ngoai phu thudc vao cAu tao va vat liéu con phu thudc vao tan s6 lam viéc clia

dong co, nén ton thét sit thuong duoc xac dinh theo cong thirc thuc nghiém [1], [3]:

f}e = Cfea)! [(l//m + Ldid )2 + quiqz:l
=C /L[ (i, +i,) + &% | (8)
trong d6 y =1,5+1,6 va C,, la h¢ s0 ton that sat.

Viéc tinh toan ton that phy 1a rat kho khin va thuong khong dam bao do chinh xac, nén trong
thue té tén thit nay duoc ude luong theo cong thirc [6]:
P, =C,a(i;+i) )

str str e
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trong d6 C,, 1 h¢ s6 ton that phu.
Tong cac ton thit cia PMSM d3 dua ra ¢ trén ma c6 thé diéu khién duoc:
=P, +P,+P

cu str

= A(i} +1))+ B[ (i, +1,)" + & | (10)
trong do: A :%RS +C,@ (11)
va B=C 0L (12)

2.3.  CAu hinh diéu khién

So dd khdi chu trac ciia mot hé truyén dong dién didu khién tua theo tir thong rotor (FOC)
sir dung PMSM dugc thé hién trén Hinh 2. So d¢6 gdm hai mach vong diéu khién: mach vong
dong dién va mach vong toc d6. Pong co duoc nudi bang bién tan ngudn ap. Khdi PWM str dung
phuong phap diéu ché vector khong gian. Khdi R, 1a b diéu khién dong dién tach kénh thong
dung PI. Khéi LMA chta thuét toan diéu khién t6i thiéu ton that. Gia tri dat toc d6 truc dong co
o, (" tuong trung cho gia tri dit), qua bd diéu khién toc do R, , dua ra gid tri dong dién dat i .
Gia tri dat i; va toc do thuc ciia rotor o, dugc dua vao khdi LMA, dau ra cho gi tri dong dién
dat toi wu i,

Hinh 2 chi ra ring dé diéu khién t6i thiéu ton that dong co can phai tim ra mot thuét toan
diéu khién dua ra dugc dong dién dat i, t6i wu dé giam thiéu ton that nhung van tao ra mémen
xéc lap tai toc do dat.

T

de

| I

@ + ! Uy Y, >
¥ q = = v -4
—O—> R » "| dq u, Nghich Ivu
s o . R y >» PWM neudn ip
o, 1y 1oL gy Sabe )
» . . 4
i, | i, 6,
\ A h 4 i
L 1 dg w 7: 9
hr.. 'r;
IbL & I’ abe le— <
d
_ P ]
({r n
f 6, / IPM
Motor

Hinh 2. Cdu triic diéu khién t6i thiéu ton that cho IPMSM
2.4. Mot s6 phwong phap toi thiéu ton thit da biét
Céc nghién ctru dé giam thiéu ton that nham nang cao hiéu sudt ctia hé truyén dong rat duoc

quan tAm trong nhiéu thap ky qua, dic biét 1a cho hé truyén dong dung dong co khong dong bo.
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V6i su phat trién manh m& cia PMSM, c4c nghién ctru vé didu khién tdi thiéu ton that cho IPMSM
cling duogc dua ra.

Mademlis va cac cong sy da dua ra bd diéu khién theo md hinh t6n thdt nham xac dinh
thanh phén truc d t6i uu ciia dong dién stator dé ton that cong suat 1a nho nhat [1]. Dé ing dung
b diéu khién nay, thi khong yéu cau phai hiéu biét v& mo hinh ton that vi bién phap thuc nghiém
cho phép xéac dinh cac tham sd bo diéu khién. Hon nira, mo hinh ton that ciia IPMSM ma
Mademlis xay dung [1], [7] c¢6 thé dugc sir dung nhu mdt co s¢ dé suy ra didu kién giam thiéu
ton that cho dong co dong bo nam cham vinh ciru bé mat (SPMSM). Tuy nhién, phuong phap
cling c6 mot s6 nhuoc diém: 1) Vi dung thuc nghiém dé tim céc tham s6 cua bd diéu khién, nén
yéu cau cac thiét bi do phai c6 d6 chinh xac cao va nguoi tién hanh thuc nghiém phai ¢ kinh
nghiém; 2) Phuong phap chwa xét dén viéc tdi thiéu ton that trong ving téc do cao.

Gan day, Lee va cac cong su da dung phuong phép giai tich dé tim nghiém cho bai toan tdi
thiéu ton that IPMSM [3]. Bai toan dugc Lee chia lam hai truong hop: 1) tim 16 giai tir cac rang
budc dién ap va dong di€n, va 2) tim 101 gidi trén bién gidi han dién ap.

O trong vung gi6i han dong dién (5) va dién ap (6), Lee st dung phuong phap Lagrange dé
tim gia tri dong dién dat i:, va i; Vo1 gia tri dau vao 1a mémen dat T, va tbe do dién o, (c6 dugc
tir toc do thuc cia rotor ®, ). Viéc tim nghiém t6i vu dan dén bai toan tim nghiém cta phuong
trinh bac 4:

Sz )= Ay + Byiy + C,ii + Dyiy + E, =0 (13)
trong d6 4,,B,,C,, D, , E, 1a cc h¢ s6 phu thudc vao téc do va cac thong sb cia dong co [3].
Déi voi cac PMSM hoat dong & tdc do cao, cac hé sd A, va B, la rat nho so véi cac hé sb

khac, do vdy Lee x4p xi gan dung (13) thanh phuong trinh bac hai C,i’+D,i,+E, =0 va c6

_-D, +1/Dj —-4C,E, (14)

idl - 2C
L
, Ty
L= .
T GR I 2, + (L, —L)iy)

nghiém la:

(15)

Sau d6, Lee dung phép khai trién chudi Taylor dé cai thién d6 chinh x4c ciia nghiém tim
dugc. Bdo hoa tir truc ¢ dugc xét dén bang cach thay L, bang L,(1-a,i,) vao cac hé s6

A, ,B,,C,,D, E, cia(13). Khi do, gia tri nghiém dugc tinh lai lan hai:

LG
lip =1y G i) (16)

00.To

d (17)

i,= .
” GBP, /2y, +(L, - qu(l —aiy))igy)

Khi nghiém (16) va (17) khong con niam trong ving gidi han dién ap va dong dién, thi Lee

tim nghiém Xép xi trén bién gidi han dién ap (6):
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l.#_ﬂ‘\/ﬂz—(1—ﬂ/ﬂ4)(ﬂ2—P+2ﬂ/ﬂ2)_ v, (18)
-
(=n/u' )L, ~L,) L,-L,
i = & . (19)
GF, /1 2)y, +(L, —L,)iy)
j 4T2 A Uvzmax
trong 0 =8y =L, (=8 g prva p=(1=0)' =0

Thuét toan ctia Lee ¢ thé duoc tom tit nhu sau. Dau tién, Lee tinh toan i 5 (16)va i, (17).
Sau d6, diéu kién gi6i han dién 4p (6) dugc kiém tra. Néu théa man, thi i, =i,, va i, =i ,. Néu
A 9 ~ Nk T3 Nk .
khong thoa man, thi i, =, (18) va i, =i) (19).

Ta thiy rang, ddy 1a mot phuong phap khong phirc tap, nhung két qua giam thiéu ton that
1a rat kha quan [3] va ca bio hoa tir ciing dugc dé cap dén. Tuy nhién, trong qua trinh dua ra cong
thirc nghiém thi Lee va cic cong su da sir dung nhiéu phép xap xi gan ding, dic biét 1a dudng
xap xi gia tri dién cam truc ¢, diéu nay c6 thé dan dén két qua nghiém cudi cing chua lam cho
t6n that dong co 13 thip nhat c6 thé.

3. Phwong phap tdi thiéu ton that dé xuit

Viéc tim mot nghiém t6i wu dé ton thit cia IPMSM (tén that déng, ton that sit va ton that
phu) 1a cuc tiéu, tuong duong voi viée tim cuc tiéu ctia ham ton that nhan duoc tir cong thue (10).

Dua trén déc tinh van hanh cua dong co, viéc ti thiéu tdn that dugc thuc hién trén hai
vung: vung trong gidi han dién ap va trén bién gidi han dién ap.

3.1. Téi thiéu ton thét & trong ving giéi han dién ap va dong dién

Trong vung nay, dong dién i,, i, thoa man:

(Lyiy+v,) @} +(Li) o <U;

S max

(20)
va i+ <I 1)
Theo [1] va [8], diéu kién téi thiéu ton thit ¢ trang thai 6n dinh theo thanh phan dong dién
i, la:
oP

t

ai,

N
= (A+B)i, + Bi, + (A+ BEY, # -0. 22)

T,,0, d

O trang thai 6n dinh, mémen dién tir ciia dong co duoc giir bang hang sd, nén tir (4) ta suy

ra duoc:
or,
0i,

N
=i, ~(¢-Di, ]2~ (-1, =0 (23)

w{’

| a, _ (£-D;,
suy ra: i, = - @), . (24)

Thay (24) vao (22), ta dugc:
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A+2B-BE _ Bij +(A+BE)E-D)i;
A+ B 1 A+B

(&-Diz - 0 (25)

Dé ton that cia dong co P, 1a nho nhét va c6 xét dén bao hoa tir thi nghiém tdi wu duge tim
qua hai budc: 1) tim nghiém i, ciia phuong trinh béc hai (25); va 2) xét anh huéng cua bdo hoa

tir trén truc g dé dwa ra nghiém toi wu , .
opi

3.1.1. Budc 1: Gidi phwong trinh bdc hai

Giai phuong trinh béc hai (25) theo 4n i ', thu duoc hai nghiém thuc phan biét. Nhung khi
thay 1an luot hai nghiém nay vao (4) thi chi c6 mot nghiém thoa man tinh chét ciia mémen dong
co do la:

d

__A+BQ-8) . (A+B¢é)’ i2>+A+B§2 P 26)
204+B)&E-1) 7 \4A4+B)¥ (-1 A+B ¢

3.1.2. Buéc 2: Xét dén sw thay doi ciia dién cim

Mot van dé ciing can duogc xét 1a bio hoa tir. Vi khi bdo hoa tir thi gia tri dién cam cia dong
co ciing thay ddi. Ma dién cam lai anh huong dang ké dén két qua nghiém (26) thong qua &.
Khao sat gia tri dién cam ctia mot [IPMSM (Bang 1) khi thay dbi dong dién dugc thé hién trén
Hinh 3 [3]. Ta thiy ring L, > L, vacéc dién cam tuong tac chéo L, va L , 1a dunho dé duoc
b6 qua. Ciing thay rang, L, hau nhu khong thay doi. Con L, lai khac, khi i, <180A thi L _ it
thay d6i, nhung khi i, >180A thi L, lai giam déng ké khi i, tang. bat /, 1a mdc gié tri i, ma
L, bét dau giam manh khi j, tang (trong Hinh 3 (b) thi 7, =180A). Sy thay doi L, khi i, > 1,
duoc x4p xi bang mot ham tuyén tinh theo , trén Hinh 3 (b):

L=Ly-al,- L, ) 27)
trong d6 L, la gia tri cua L, khi i, =0 va a>0 la mot hang s twong g véi do ddc.

Vi vy, khi tinh toan gia tri hé s6 nhap nho (2) trudc khi thay vao cong thirc nghiém (26)
can kiém tra gia tri dong dién i Néu i , <1, thi:

g=_1, (28)

Con néu iq > [q thi:

(29)
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Dién cam [H]

o Ld - 0.0008 -
O el
I 0.0006 -
I 0.0004 -
-0 o
i 00 [0 PO ) 9 o--g--0--0 ~0--0
I 0.0002 -
Qe Qe Qe Qe Qere Qoo Qsn Qe Qe Qo0 [ 00000
! T

T I e o o Y

T T
00 200 300 0 500
: e i, [A]

(b)

Hinh 3. Gid tri do dién cam: (a) L, va L, theo i, khi i, =1604 va (b) L, va

; .
U theo 't khi i, =—160 A

Thay hé s6 nhép nhd &'va i, =y, /L, vao (26), ta c6 nghiém t6i wu dé tdi thiéu ton that

IPMSM la:

_ A+B(Q2-¢) -
G 2L (A+B)E-1)" "

va(A+BS)  A+BE , 30)

AL} (A+B)* (£ -1 A+B *

Bing 1. Cdc thong sé va hé sé ciia mot PMSM.

Tén thong sb (hé sb) Gia tri
Cong suat dau ra dinh muc [kW] 40
Momen dinh mic [Nm] 133
Tbc @6 dinh mirc [r/min] 2600
Dong dién pha dinh muc [A] 216
S6 ddi cuc (P,) 3
Tt thong rotor (y,,) [Wb] 0,07
Moémen quén tinh (J) [kgm?] 0,02
Dién cam truc d (L,) [pH] 375
bién cam tryc g (L,) [uH] 835
bién tro stator (R,) [mQ] 29.5
Heé s6 ton that sat (C ) 2,1x107
Hé s6 ton that phu (C,,) 6,5x10”

3.2. Té6i thiéu ton thit trén bién gisi han dién ap

Khi toc do tang, gidi han dién ap co lai. V6i qua trinh cong suat cyc dai, néu nghiém toi
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thiéu t6n that khong con ndm bén trong giéi han (20), thi nghiém duoc tim trén dudng cong giGi
han dién ap [3], [4].

Phuong trinh dié€n ap stator:

U=RI +E, (€29)
v6i E 1a stre dién dong tu cam dugc tinh bﬁmg cong thuc:
da
E =—+joA, 32
= T (32)
Tu (31), suy ra:
E <U, -RI,,. (33)

Tt thong stator A, trén hai truc d, ¢:

A, =L +
{ d ) d.d Vo ‘ (34)
ﬂ'q _quq
E,=1,% o1
. ° dt c
Do dé: di (35)
i
E, :qu+ o,Li,+oy,
Xét ¢ trang thai on dinh:
E, =-wlLi
sd e Iq q (36)
Esq =w L, +toy,
Tu (33) va (36), ta co:
Es = \/ Eszd +E52q < Udm _Rs[dm
2
—R I
< (Li) + (L, +vy,) < (Mj ) (37)
a)e
Pat U, =U, —R.I, ,vatl(37) rat ra dugc cong thirc tinh i nhu sau:
[ SR LTRG (38)

Ly L,

e
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¥
i,

we =wr[:l
3
A =ER:+Cma)f

B=C L,

_ A+B(2-&) | yl(4+BEY LA+B§'21,.2
“ QL (A+BYE 1) " \AIL(A+BY( -1 A+B °

. 2 2 N2 2 2
(Ldldnp, +Wm) we +(quq) CUC S(].sm'mx

; 1 |U? .
=ty = Sy
'Ld d €

Hinh 4. Thudt todn t6i thiéu ton that (LMA) dé xuat
) Cac két qua trinh bay ¢ trén duoc téng hop va xay dung thanh luu db thuét toan t6i thiéu

ton that (LMA dé xuat) nhu Hinh 4. Nhu da phan tich ¢ muc 2.3, dau vao LMA la dong dién dat
i; va tbe do thuc cua rotor ., dau ra la dong dién dat tbi uu i;. Ngoai ra, dau ra cia LMA con
can mot khau gidi han theo diéu kién gidi han dong dién (21).
4. Moé phong va danh gia két qua

X4y dung mé hinh c6 cdu tric nhu Hinh 2 trong MATLAB/SIMULINK véi dong co ¢6
cac thong sb va hé s6 nhu trong Bang 1. Pong co niy c6 I, =180Avaa=1,07x 10°. Dya vao
[4], tinh dugc mOmen cuc dai cua dong co 7, =101Nm va tbe do n,,., =33421/min tai diém
A(i, =-119A; i ,=180A) trén Hinh 1. Ta cling tinh dugc mémen cua dong co 7, =76,1Nm
va toc d0 n, =5405r/min tai diém B(i,=-w,, /L,=-186,7A;i =108,6A) trén Hinh 1. Thyc
hién mo6 phong voi cac gia tri dat nhu trong Bang 2. Trong d6, ¢ dai toc 4o n < n,,.» thi LMA
dua ra nghiém trong vung gidi han dién ap id“p’ (30). Con & dai téc do n > n,,.» tht LMA dua ra
nghi€m trén bién dién ap ij (38).

bé danh gia hiéu qua cia LMA dé xuat, tac gia tién hanh moé phéong LMA d€ xuat va

phuong phap diéu khién t6i thiéu ton that cho PMSM sir dung phép xap xi da thic (muc 2.4) ctia
Lee va cac cdng su (phuong phap cia Lee) [3] trén cung mot moé hinh xay dung trong

54



Tap 13, S6 1, 2019

MATLAB/SIMULINK. Céc két qua mo phong duoc thé hién trén cac do thi dudi day. Dua vao
dd, co mdt s6 nhan xét sau:
e Toc d6 va mémen cua dong co ¢ ca hai phuong phap déu dat gia tri dat va on dinh trong

thot gian ngan (Hinh 5 va Hinh 6). Tuy nhién, d6 qua diéu chinh mémen khi sir dung LMA dé
xudt trén Hinh 6 (a) 1a nho hon so véi khi sitr dung phuong phép ciia Lee trén Hinh 6 (b).

Bdng 2. Gid tri dat téc dé va mémen can trén truc dong co theo thoi gian

ST 0 02 04 06 08 10 12 14 16 18 20
p*[rmin][ 1300 | 2600 [ 3342 [4326] 5405
INm] | 0 [ 50 [ 80| 101 | 76,1

(a) Ddp itng téc do trén truc dong co khi sit dung LMA dé xudt

__ 6000
£ 4000
E
Z.2000(
= 0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
t[s]

(b) Ddp iing toc dé trén truc dong co khi sit dung phuong phdp ciia Lee
__ 6000
£ 4000r -----
=)

=~
E.20000 -
=
0
0

-

—
2]

—

Hinh 5. Dé thi dap vmg téc do trén truc dong co
e Dap tng dong dién i, khi sit dung LMA dé xuét (nét lién) trén Hinh 7 thi nho hon so voi
khi sir dung phuong phép ciia Lee (nét dirt). Con dong dién i, khi sir dung LMA dé xuét (nét lién)
trén Hinh 8 thi lai 16n hon so v6i khi stt dung phuong phap cia Lee (nét dut).

(a) Ddp iing mémen ciia dong co khi sit dung LMA dé xudt

Hinh 6. Dé thj ddp img mémen ciia dong co
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™ T T I IS T e
oo ! ! ! ! . |---i, Phuong phdp ciia Lee
SO N 1 |—i, LMA dé xudt
; ; ] ,, : : : ! :
N N Al L e 5" S N IS Y Au et | R A
-100: : :a :M | p I : |
= : ! : e j !
ﬁ -150F----- IR 4:1 77777 [ [ IR A ' fM 777777
- : " : : : o : :: '.
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| | | | | | | | i/
300 | | | | | | | | i
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

300

250

-- -iq Phuong phdp clia Lee)||

—iq LMA @& xuat

1.4 1.6 1.8 2

Hinh 8. Do thi dap vmg dong dién i, cua dong co ¢ cdc toc dé va mémen khdc nhau

(a) Ddp irng dong dién ba pha khi sir dung LMA dé xudt

o
e R

0.6 0.8 1 1.2
t
(b) Trong khodng 0,98-1,02s [s] (c) Trong khodng 1,73-1,77s

— 225 w — 200 w
<

1.73 1.74 1.75 1.76 1.77
t[s]

Hinh 9. Ddp iing dong dién ba pha & cdc toc dé va moémen khdc nhau khi sie dung LMA dé xudt.
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(a) Dap trng dong dién ba pha khi sir dung phwong phdp cua Lee

400
L2000 == - AT ‘
-, el 0
o ; \w\w\\\\\\ww
”_TGG 2007 - : 7777777777777777 Nt it EE )
400 1 ‘ ‘ 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
2 t S ?2
(b) Trong khodng 0,98-1,02s [s] (c) Trong khodng 1,73-1,77s
— 225 T T T — 200 T T T
< | | | < ) | —i,
o220 k- o F b Tovop kLt i
22150 - [ R RN BEE =2 180FF 1 N
- [ ! « | -1
< I | y ! | c
- 210 Il L I .- 1
0.98 0.99 1 1.01 1.02 1.73 1.74 1.75 1.76 1.77
t[s] t[s]

Hinh 10. Ddp irng dong dién ba pha ¢ cdc téc dg va mémen khéc nhau
khi sir dung phwong phdp cua Lee

e Bién do dong dién ba pha khi sir dung LMA dé xuat trén Hinh 9 nho hon so véi khi sir
dung phuong phap cua Lee trén Hinh 10. O téc d6 dinh mucn m=2600r/min va momen
T,.. =101Nm (t5i thiéu ton that trong ving giéi han dién 4p), bién do dong dién ba pha khi sir
dung LMA dé xuat trén Hinh 9 (b) nho hon 2 +3A so véi khi sir dung phuong phap cua Lee trén
Hinh 10 (b). O ving téc d6 cao n =4326r/min va T,=76,1Nm (t6i thiéu ton that trén bién gidi
han dién 4p), bién d6 dong dién ba pha khi str dung LMA dé xuét trén Hinh 9 (¢) nho hon t6i
8+10A so v6i phuong phap cta Lee trén Hinh 10 (c). Didu nay chung t6 ring, LMA ma bai bao
dua ra s& cho ton that ddng thip hon phuong phap cia Lee.

e Tén that cong suét khi sir dung LMA dé xuét trén Hinh 11 13 nho hon so véi khi st dung
phuong phap ctia Lee trén Hinh 12. O tdc d6 dinh mirc 7, = 2600 /min va moémen 7, =101Nm
(t6i thiéu ton that trong viing gidi han dién ap), ton that cong suat khi sir dung LMA dé xuat trén
Hinh 11 (b) nho hon 20 <+ 30W so v&i phuong phap cta Lee trén Hinh 12 (b). O ving téc d6 cao
n=4326r/minva 7,=76,1Nm (t6i thiéu ton thét trén bién gidi han dién ap), ton that cong suat
khi sir dung LMA dé xuét trén Hinh 11 (c) nho hon t&i 80+100W so v6i phuong phap cia Lee
trén Hinh 12 (¢).
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(a) Ton that cong sudt khi sir dung LMA dé xudt

T
(101070 it E i i e

P [W]
s
S

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
(b) Trong khodng 0,98-1,02s

1.74 1.75 1.76 1.77
t[s]

Hinh 11. Ton thét cong sudt ciia dong co ¢ cdc toc do va mémen khéc nhau khi sir dung LMA dé xudt

(a) Ton that cong sudt khi sir dung phwong phdp cia Lee

(b) Trong khodng 0,98-1,02s (c) Trong khodng 1,73-1,77s

Hinh 12. Tén that cong sudt ciia dong co ¢ cdc téc dp va mémen khdc nhau

khi sw dung phwong phdp cua Lee
5.  Kétluan

Bai bao da dé xuit mot thuat toan t6i thiéu ton thit (LMA) cho IPMSM. Thuét toan ndy c6
mot s& wu diém ndi bat. Tha nhét, dong dién dat truc d tdi wu cuia LMA dua ra duge xét trén mot
dai tbc d6 rong va khong phire tap hon so voi phuong phéap cua Lee, dong thoi hiéu qua giam
thiéu ton that lai tbt hon. Thir hai, bai bao da xét dén hién twong bio hoa tir ciia dong co va dua
ra mot luat xap xi gan dung cho dién cam truc ¢. Cudi cliing, thuat toan ma tic gia dua ra khong
doi hoi khéi luong tinh toan 16n, va hoan toan cé thé trién khai trén vi didu khién hoac DSP thong
dung.
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