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Tom tat:

Trong bai bdo nay, mot phuong phap mdi dugc dé xuat dé udc lugng hang s6 mdmen clia may dién
déng bo kich thich nam cham vinh ciru (MPDB-KTVC) dua trén bd quan sat phi tuyén cuc bo. M6
hinh MDPBB-KTVC lam viéc trong vong kin vdi bd diéu khién tdc d6 dugc lua chon d€ phén tich toan
hoc. Mot cau tric phu hgp clia bé quan sat dugc thiét 1ap dua trén phép do dong dién stato cd xét
dén muc tiéu udc lugng hang s6 mdémen. Sau do, thdng s6 clia bd quan sat d§ dugc tinh toan va
ki€m ching théng qua mé phong khi MPDB-KTVC lam viéc trong s6 dd diéu khi€én mémen va diéu
khién t6c dd. K&t qua mé phong cho thay bd quan sat cd dap (ing nhanh va cung cép thdng tin hitu
ich cho bd diéu khién khi hdng s& mémen thay d6i, xac nhan tinh hgp Ié clia phuong phap dé xuét.

T khoéa:

Hang s6 mdmen, may dién ddng bé nam cham vinh cltu, udc lugng trang thai, quan sét phi tuyén,
xac dinh théng s6.

Abstract:

In this paper, a new method is proposed for the estimation of torque constant of permanent magnet
synchronous machine (PMSM) that is based on a locally nonlinear observer. The PMSM operating in a
closed loop with the speed control is selected to analyse. On the basis of stator current
measurement and taking into account the purpose of estimating the torque constant, an appropriate
structure of the observer is established. The observer parameters are then calculated and evaluated
via simulation when the machine operates in either torque or speed control. Simulation results
demonstrate the performance of observer with robust responses, which provide valuable information
to the controller when the torque constant changes, that confirm the proposed method.

Keywords:

Torque constant; permanent magnet synchronous machine, state estimation, nonlinear observation,
parameter identification.

1. GIOI THIEU CHUNG nhiéu linh vuc hién nay. So voi may dién
May dién ddng bo kich thich nam chdm  xoay chiéu kiéu day quin, MPDB-KTVC
vinh ctru dwoc s dung rong rdi trong c6 mat do nang lugng cao nén co kich
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thuéc nhé gon hon véi cing cbng suat
cho trudec. Cac may dién nay ciing co
quan tinh roéto nho hon nén c6 wu thé
trong c&c wng dung doi hoi dap tng
nhanh. Hon nita, viéc sir dung cac bo bién
ddi cong suat 1am cho hé théng c6 dap
mg nhanh hon so vdi céc hé théng co co
céu co khi.

Diéu khién MPDB-KTVC vdi yéu ciu
cao doi hoi thong tin chinh xac vé théng
s6 trong md hinh toan hoc cua chdng.
Théng tin nay cho phép cac bo diéu khién
t6i wu hoa hoat dong va hiéu suét caa bo
truyén dong tuwong ung va co thé dap ang
nhanh véi cac thay dbi co thé xay ra doi
v6i mo hinh ciia may. Céc thong sé chinh
ciia mé hinh toan hoc MPDB-KTVC viét
trong hé toa do ddng bo d-q bao gém
hang s6 moémen, dién tro stato va dién
cam theo céc truc d va g. Cac thong sb co
thé thay doi trong qua trinh van hanh may
do tinh chat phi tuyén caa vat lidu lam
nam cham vinh ciu, dé chiu tac dong boi
nhiét do van hanh va diém lam viéc.
Trong céac thong s6 ké trén, hang s
moémen c6 anh huéng dén tinh toan diéu
khién lién quan dén momen cia may
trong nhiéu so dd diéu khién khéc nhau
nhu so d6 diéu khién téi da héa mdmen
theo dong dién (MTPC), so dd diéu khién
han ché tir thdng roto (FW), so d6 diéu
khién téi da hoa mdmen theo dién ap
(MTPV) va cic so do diéu khién cac
thong sé khac nhu dong dién hay téc do
réto. Hon nita thdng tin vé gi4 tri cua
thdng sé con rat hitu ich trong chan doan
su ¢6 caa hé théng [1].

Hinh 1 minh hoa két qua so sanh quy dao

cua dong dién cua may trong hé toa do dq
(igiq) trong so do diéu khién téc do. CO
thé quan sét thay su khac biét cua quy dao
gitra hai truong hgp, duwong MH-CL:
thdng sb cua bo diéu khién va cua may
gidng nhau; va duong MH-CH: thong sb
cua bo diéu khién va may léch nhau véi
hang s6 mémen cia may dién giam 30%.

11

19 (A)
[+1]

Hinh 1. Sy thay déi hing s6 mémen
trong diéu khién téi da ty s6 mémen/dong dién
(max Torque/Ampere) [1]

Pay la din chung dién hinh cho thiy
thdng tin vé hang s mdmen co tac dong
I6n dén do chinh xac cua qué trinh diéu
khién.

Trong cac nghién ctu vira qua, nhiéu
phuong phéap khac nhau da dugc ap dung
dé u6ce luong théng sé cua MPDB-KTVC
trong mién thoi gian thuc (online) hoic &
trang thai dua trén dir liéu luu trir trong
cac bd nhd voi cac bang tra (look-up
table). Cac phuong phap thuong gap bao
gom: phuong phap phan tir hitu han [2],
phuong phap dua trén thuat toan binh
phuong cuc tiéu dé quy [1], phuong phap
st dung hé thdng thich nghi tham chiéu
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theo mé hinh mau (MRAS) [3], phuong
phap sir dung bd quan sat truogt (sliding
mode observer) [4] phuong phap sir dung
bo loc Kalman m¢ rong (EKF) [5]. Ngoai
ra, mot nghién ctu rat thi vi gan day dua
trén moé hinh vadi @6 gon song (ripple) cua
dong dién stato cho phép udc luong cac
thong s6 cia MPDB-KTVC [6].

M6 hinh cia MPDBB-KTVC dugc danh
gia 1a don gian so voi nhiéu loai may dién
khac nhu may dién dong bo roto day quan
hay may dién khong dong bd nhung van
thuoc nhém mé hinh phi tuyén. Do dé
trong quan sat trang théai va thong sd, viéc
lya chon ciu tric va théng sé phd hop
dong vai trd quyét dinh dén chat luong
quan sat. Bo quan sat co cau tric tong
quat dé xuat trong [7] gan day duoc ap
dung trong nhiéu nghién ctu trong udc
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luong trang th{é\i cua hé thng v’a ung dung
trong diéu khién khong cam bién.

Trong nghién ctu ndy, tac gia dé xuét tng
dung bo quan sat dé wdc luong hing sb
modmen cia MPDB-KTVC. B§ quan sat
duoc thiét ké dua trén phép do dong dién
stato sdn c6 trong hau hét cac hé thdng sir
dung MPBB-KTVC c6 diéu khién.

2. MO HINH HE THONG MAY DIEN
DONG BQ KiCH THICH NAM CHAM
VINH CUPU VO'1 BO BIEU KHIEN TOC DO

So do cua hé théng co diéu khién sir dung
MDPDB-KTVC dugc thé hién trén hinh 2.
Trong d6 c6 hai vong diéu khién: vong
diéu khién ngoai cho téc do quay cua roto
va vong diéu khién trong cho dong dién
stato.

. . Vdc
T: i; VasVq v: ,vz,v: T
.+ +
© —>&—» PI [—/(3pu)—>—> PI [ da- 2] Tao xung Bo
) ; + N abc | PWM | nghich luu
- la 4
l/ ‘ \/dcT ib <«
P l >| abc J
T
ic A e
d/dt ~p QY Cam bien goc
(Encoder)
Hinh 2. So’ d6 mach diéu khién MD BB-KTVC [8]
Thong s6 cua cac bo dieu khién toc d6  di, R, polji, v,
quay va dong dién tuong ing 1a (Kpw, ki) dt _|__d+ L, +|__d
va (kpi, kii). di, __Riy _polyi, por Yy o
M6 hinh toan hoc thu gon cua MPPB-  dt L, L, L, L
KTVC trong hé toa d6 dong bo (dq) duwoc  dew 1 T Ea_T
mo ta boi hé phuong trinh sau [9], [8]: dt 3( . ~FRo-T,)
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trong do: ig, ig: thanh phan dong dién stato
theo cac truc d va q;

Vd, Vq: thanh phan dién éap stato theo cac
trucdvaq;

w: tc d6 goc cua roto;

A: bién d6 cua tur thong cua réto cam ang
sang cac pha cua stato;

Rs: dién tro cua cudn day stato;

La, Lg: dién cam theo cac truc d va g; p: s6
cap cuc.

Te: mdmen dién tur, duoc tinh nhu sau:

T, =15p| M, +(Ly ~ L, )i, |;

0: goc roto; T, mdmen co trén truc cua
may dién; J: hang s6 quén tinh; va Fy: hé
s ma sat.

Phuong trinh mé ta bo diéu khién téc do
va dong dién dugc viét twong ung boi
phuong trinh (2) va (3) [8].

dién theo truc d liy bang 0: i; =0; thanh
phan dong dién theo truc q thu duoc tir
phuong trinh (2). Céc gia tri v,,v, tinh

dugc tir (3) duoc dua vao bo tao xung dé
diéu khién bo nghich luu cua bo truyén
dong. Do bo nghich luu c6 hing sé quéan
tinh nho hon nhidu so véi hing s6 quan
tinh cua toan hé thong nén c6 thé coi

Vg =V VA v, =V,

Hé phuong trinh (1), (2) va (3) la mé hinh
cta may dién lam viéc trong vong kin vai
chuc nang diéu khién toc do.

3. XAC BINH CAU TRUC VA THONG
SO CUA BO QUAN SAT

CAu trGc tong quat caa bd quan sat phi
tuyén duoc &p dung trong phan nay dugc
dé xuat boi [7]. Van @ quan trong trong
tng dung bd quan sat nay vao dbi tuong
cu thé 1a dwa mo hinh hé théng vé dang
thuoc 16p hé phi tuyén thoa man cac diéu
kién quan sat dugc véi cu tric bo quan

dz, o sé}t tuong ung. Hon nira, lya chon théng
dt SO cling rat quan trong va mang tinh quyét
y, =k, ( o — m) k.2, (2) dinh dén dap ung caa bo quan sat.
. .2 Trén co s& md hinh h¢ thong da trinh bay
l, =T, ﬁ trong muc 2, muc nay dua moé hinh vé
dang ciu tric phu hop. Theo d6 hé thong
dz, .. duoc lua chon c6 ciu trac nhu sau:
_'[ =l —ly ;
V;:kpi(i;_id)-l_kiizz 3) EX:A'X_FB:F(U’X) (4)
dz, .. . y=C.X
i iy — 1
. . hay
vy =Ky (i =iy )+ ki Zg
e I N d Xl Fl
Trong do, cac blvén trang thai ?1, Zo, Va ‘23 E{X }:{F } (5)
duogc sir dung dé mo ta hé thong c6 diéu 2 2
khién. Gia tri dit caa thanh phan dong Y=C-X =X,
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trong do:
i 100
xl{id]xzzk,& 010
! 000
Y| g ek
L, L,
B=| |, az| PoL g PO
Lq Lq Lq
0 0 0 0

Cac di¢n ap vy, Vq duoc tinh toan dya vao
cac phuong trinh (2) va (3). Toc do quay
o ¢0 thé thu duoc tir phuong trinh thi ba
cua (1) hoic Iy tir phan hoi caa hé thong
diéu khién.

Tiép theo, cac diéu kién dé ap dung cau
trac bo quan sat trong [7] s€ duoc Xac
nhan dudi day.

0
Taco A zaFl(X): po | €O hang 1
BT i

q

véi w=0. Biéu kién hinh non l6i thoa man
Vi V6i chiéu quay khong doi, toc do o co
dau khong d6i thi ma tran Ay, c6 quy dao
nam ¢ mot nra mat phang toa do. Cudi
cung, hé théng diéu khién téc do cua
MDDB-KTVC la mot hé vat ly c6 thong
sb 1am viéc hitu han nén théa mén diéu
kién toan cuc Lipschitz.

Vay bo quan st cho hé thdng (4) c6 dang:

d—>:=F(u,X)+AaK(C)Z—y) (6)
trong d6 K: ma tran hé sd; A, ma tran
duong chéo:
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(7)

>
1
o o R

0
0
o

o R O

Tinh toan ma tran K dua trén bat dang
thirc ddi véi ma tran dinh nghia duong déi
xtung ta thu duoc:

—-26 0
K=l 0 -25520
0 345

“Tune” gia tri o thu dugc o= 0,1.

Trong muc tiép theo, md phong s& dugc
thuc hién dé danh gia hoat dong cua bod
quan sat.

4. KET QUA MO PHONG
Hai md phong duoc phat trién bao gom:

e Mb phong hé théng trong hai truong
hop tng véi hang s6 mémen khéc nhau;

e Mb phong wdc luong hang s6 mdémen
va cap nhat cho hé théng diéu khién.

4.1. M6 phéng khi hang sé mémen sai
lech

M6 phong MPDBB-KTVC lam viéc trong
vong kin vai bo diéu khién dong dién theo
gia tri dat cia momen dién Ty (dudng nét
cham gach trén hinh 5). Két qua md
phong duoc thé hién trén cac hinh 3, 4 va
5. Trong d6 cac duong nét lién ung Voi
truong hop A khong d6i, duong nét dut
ung voi truong hop may dién co A thay
doi (t = 4,5-10 s) nhung bo diéu khién van
str dung gié tri A khong ddi.

Co6 thé thay sy thay d6i cua A gay ra sai

léch trong dong dién stato. Hon nira
modmen dién trong hinh 5 (duong nét dut)
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khong dap tng theo gié tri dat (duong nét
cham gach).

14107
10

9

g
" Vi
60 1 2 é 4 5 6 7 8 9 10
t(s)
Hinh 3. Md phéng quan sat téc do roto
1 - . - .
— 4 khong doi
= L_“___;; ===3. thay doi
< 0 — . |
o Y,
-10 1 2 3 4 5 6 7 8 9 10
t(s)
o L N — A khong doi
ng = ===a thay doi_|

5
t(s)

Hinh 4. Sai léch dong dién do sw thay déi
ctia hang s6 mémen

—4 khong doi

v v v T v v '
- ~-3 thay doi
02 T ==-gia tri dat
N oL
o r/( e |
£
)
=01 /
0.05f
0 L L i n L L
0 1 2 3 4 6 T 8 9 10

Hinh 5. Sai lech gbnglg)ién do sw thay déi
cta hing s6 mémen

bay l1a minh chung xac nhan lai sy anh
huong cia hang sé6 moémen téi do chinh
xéc trong diéu khién da dé cap & muyc 1.
Tir d6 c6 thé thay viéc cap nhat théng tin
vé hang s6 moémen khi c6 bat ky sy thay
ddi nao 1a rat can thiét cho hoat dong
chung cua hé théng.
4.2. M6 phéng wéce lwong hang sé
mémen
Muc nay gioi thiéu két qua mé phong
chinh cta nghién catu, ¢ d6 nho viéc su
dung bo quan sat, thdng tin vé& hiang sé
momen lién tuc dugc cap nhat cho hé
thng diéu khién. M6 phong duoc phat

trién dya trén céac diéu kién sau:
e Thong s6 cua may dién va bo diéu
khién cho trong phu luc.

e Céc diéu kién dau cua hé thong va bo
quan sat dugc cho lan lugt nhu sau:

[id , o 7 1, 23]:[0, 0,000 0]

i, i, o 2, 2, 2, A

=[0,0.1,0, 10, 0, 0, 0.01]

MDDB-KTVC dugc mé phong trong 10 s
V6i tai thay doi theo thoi gian nhu trén
hinh 5 (hinh duéi). Téc d6 diéu khién thu
dugc dap Gng tét nhu trén hinh 6 (hinh

trén). Dong di¢n moé phong va udc lugng
duoc so sanh nhu thé hién trén hinh 7.

JT —

ﬁ;w —Mo phong] |
" ==Uog lu
h] 1 2 3 4 5 [ 7 [ 9 10

t{g)

0.2f

. /

Z 0.15

N \

0.1

1 10

t(s)
Hinh 6. Két qua wéc lwong tée do quay
va dang mémen co’

002 T : . - 5 - : ym—rr—
z { | ===Uoc lucng
% 0 ; '
i ! i H i i | i
0020 1 2 3 4
%2
10 1 2 3 4 [ 7 8 9 10

5
tis)
Hinh 7. Két qua mé phéng va wéc lwong
cuia dong dién
Két qua udc lugng hang sé6 mémen dugc
thé hién trén hinh 8. C6 thé thiy trong
diéu kién 1am viéc bién dong nhu khi co
su thay ddi vé gia tri dat cua téc do hay su
thay d6i vé mdmen co, gia trj quan sat cua
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hing s6 mdmen (duong nét dat) co thé
thu dugc rat chinh xé&c so vai gia tri thuc
té bién thién (dwong nét lién). Pay la
minh ching xac nhan phuong phap udc
lwong hang s6 mémen da dé xuat cd kha
nang dap ung nhanh va chinh xac trong
cac ché do lam viéc khac nhau cua hé
théng va cd thé cung cap thong tin truc
tuyén cho bo diéu khién.

-3
12)(10 1r04 ‘ i
X
1 (I1. S S S—
11+ %
o= [ S—
|
gy T 4
: ]
7
6
5 | . . . .
0 1 2 3 4 6 7 8 9 10

5
t(s)
Hinh 8. Két qua quan sat hang s6 mémen

Thong tin vé hiang sé6 moémen khong
nhitng dem lai loi ich trong diéu khién
may dién ma con co thé rat hiru ich trong
phat hién su cd, canh bao su thay doi theo
chiéu huéng cd thé din dén tinh trang
nam cham vinh cttu mat tir tinh & nhiét do
cao vuot qua ngudng nhiét do Curie [10]
cua vat liéu ché tao.

5. KET LUAN
Hé thong sir dung MPPB-KTVC di dugc

(ISSN: 1859 - 4557)

mo ta dudi dang hé phi tuyén cé thé quan
sat cuc bo véi hé sé ma tran quan sat la
hing s6 dé wéc lwong hang s6 mémen.
Két qua quan sat thu dugc co dap ung tot
trong ca hai ché do xac lap va qua do. Gia
tri cia hang sé6 mdmen co thé st dung
trong mién thoi gian thuc dé cap nhat cho
hé théng diéu khién nhim c6 duoc dap
g diéu khién tot.

Bén canh hang s6 moémen, céc thong sb
khac nhu dién tro, dién cam trong mo
hinh cia MPPB-KTVC ciing rat nhay
cam Vvoi cac diéu kién khac nhau nhu
nhiét @6 lam viéc doi hoi cac nghién ciru
tiép theo trong wdc lugng cac thong sb
nay dua trén cac bo quan sat cd cau tric
phu hop.

PHU LUC

Théng sé cua MPDB-KTVC Hurst,
DMA0204024B101: S d6i cuc p = 5:
dién ap dinh muc: 20,12 V; dong dién
dinh muc: 3,42 A; mdmen tai cuc dai:
0,2259 N.m; Rs = 0,57Q; Ls = 0,64 mH;
J =1,7721.10"° N.m/rad/s*; A= 0,0078933
Wh.

Thong sé cua cac bé diéu khién: Bo diéu
khién toc do: kp,= 0,006 ; ki, = 0,6. BO
diéu khién dong dién: kpi= 1, k;=10.
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