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UOC LUONG TOC PO QUAY VA MOMEN CO CUA MAY PIEN
DPONG BO KiCH THIiCH NAM CHAM VINH cUrU
DWA TREN BO QUAN SAT PHI TUYEN PEU

ESTIMATION OF THE SPEED AND MECHANICAL TORQUE FOR PERMANENT
MAGNET SYNCHRONOUS MACHINE BASED ON THE UNIFORMLY NONLINEAR
OBSERVER

Vi Hoang Giang

Trwong Dai hoc Dién luc

Tom tat:

Giam thiéu s8 lugng cac cdm bién sir dung trong céc bd truyén dong si dung mdy dién ddng bd kich thich
nam cham vinh clru mang lai nhiéu Igi ich khac nhau nhu giam chi phi, giam do phic tap, va nang cao d6
tin cy clia hé thdng. D& thuc hién dugc diéu do, udc lugng trang thai dua trén cac hiéu biét v& md hinh
clia hé théng dugc &p dung rdng rdi nham thu dudgc gid tri clia cac dai lugng quan trong nhu téc do quay
clia roto va mémen cg trén truc cia may dién, phuc vu cho cac muc dich diéu khién, gidm sat va chan
doan hu hong cla bo truyén dong. Bai bao gidi thifu mot ing dung dua trén bd quan sat cho hé phi
tuyén cé thé quan sat dugc déu d& udc lugng téc dd quay cua roto va mdmen cd dua trén phép do dong
dién stato. Qua trinh thiét 1ap mé hinh todn hoc ctia hé théng cé diéu khién va xay dung chi tiét bd quan
sat thong s6 dugc trinh bay trong nghién clru nay. M6 phong trén may tinh str dung bo thong sé clia mot
may dién thuc t€ xac nhan tinh hgp 1€ cla bo quan sat dugc thiét ké.

T khoéa:

May dién dong bé nam cham vinh clru, udc lugng trang thai, quan sat mémen, quan sat téc dé quay, hé
phi tuyén quan sat dugdc déu.

Abstract:

The reduction of sensors utilized in the permanent magnet synchronous machine (PMSM) based drive
brings various benefits such as low cost, less complexibility, and improved relability to the system. To
obtain such purpose, state estimation based on the knowledge of model is widely applied in order to get
the information of essential quantities including the rotor speed and mechanical torque, which is useful for
the control, monitoring and diagnosis of the drive. This paper introduces an application of observer design
for uniformly observable nonlinear system to estimate the machine speed and mechanical torque on the
basis of the stator current measurement. Mathematical description of the controlled system and detailed
process of designing the observer are presented in this study. Computer simulation using the parameters
of a real machine confirms the performance of the developed observer.

Ngay nhan bai: 23/5/2016, ngdy chdp nhan ding: 14/9/2016, phan bién: PGS. TS. Nguyén Van Lién.
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1. DAT VAN BE

UGc luong trang thai cua mo hinh may
dién dong bd kich thich nam cham vinh
cttu (MbDbB-KTVC) dugc quan tam rong
rdi trong cac nghién cuu va ung dung lién
quan. Nhiéu nghién ciru tap trung vao udc
lwong téc do quay (hoic goc roto) dé lam
phan héi cho céc hé ¢ diéu khién khong
st dung cam bién téc do, [1], [2], [3].
Bén canh d6, cac nghién ctru udc lugng
mémen co ciing duoc thuc hién kha pho
bién [4]-[5]. Trong d6, cac tac gia tap
trung vao su dung thuat todn bd loc
Kalman, [4], [5]. Pac diém cua bo loc
Kalman la dé s dung, truc quan trong
xay dung tinh toan xap xi, phu hop Véi
cac bai toan wéc lugng bién trang théi
trong thyuc té. Tuy nhién bo loc EKF gap
nhiéu kho khan d6i véi hé phi tuyén manh
va viéc tinh toa4n ma tran Jacobian c6 thé
gap phai sai s6 lon.

Trong nghién ctu hién tai, tic gia dé xuat
mot ung dung mai caa bo quan sat cho hé
phi tuyén quan sat duoc déu dé uéc luong
tbc d6 quay cua roto va mémen co cua
MDDB-KTVC. Bj quan sat duoc thiét ké
v6i ma tran hé sé hang va chi dua trén
dau ra 1a dong dién stato.

Bai bao duoc bd cuc nhu sau. Muc 2 gidi
thiéu mé hinh cua MPDBB-KTVC va bo
diéu khién. CAu tric cua bod diéu khién
cho hé phi tuyén quan sat dugc déu trong
truong hop tong quéat dwoc gidi thiéu
trong muc 3. Sau do, muc 4 trinh bay ap

dung cua bo quan sat vao udc luong trang
thai cia MPBB-KTVC, két qua md
phong va thao luan. Cubi cung cac két
luan cho nghién ciru dugc dua ra trong
muc 5.

2. MO HINH MAY BIEN BONG BO KiCH
THICH NAM CHAM VINH CUU VA BO
DIEU KHIEN

2.1. M6 hinh MPDBB-KTVC

M6 hinh toan hoc cia MDBDBB-KTVC
trong hé toa do dong bo (dq) duoc biéu
dién boi hé phuong trinh sau (1) [6].

dig /dt = —Ryig / Ly + porlgiq /Ly +Vq / Lg
dig /dt = —Ryiq / Ly — porLgig / Ly — P/ Ly +Vg /L,
do/dt=T,/J - Fy0/d —T,/J

do/dt = o

dT,, /dt=0

q

1)

trong do: ig, iq: thanh phan dong dién stato
theo cac truc d va q; Vq,Vq: thanh phan
dién ap stato theo cac truc d va q;

w: toe dd gdc cua roto;

A: bién d§ cua tu thong cua roto cam ung
sang céc pha cua stato;

Rs: Dién tr¢d ciia cudn day stato;

L4, Lq: dién cam theo cac truc d va q; p: $6
cap cuc.

Te: mbmen dién tir, duoc tinh nhu sau:
Te :1'5pl7‘iq +(L - Lq)diqj;

6 la goc roto; Ty la mébmen co trén truc
ciia may dién; J 12 hang sé quan tinh; va
F. 13 hé s6 ma sat.
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Hinh 1. So’ d6 mach diéu khién MPPB-KTVC

2.2. M6 hinh ctia bd diéu khién

Trong bo truyén dong, may dién lam viéc
trong vong kin cé sy tham gia cua bo diéu
khién. Trong nghién cau nay, bo diéu
khién PI duoc sir dung dé diéu chinh dong
dién stato va toc do quay. Thiét ké bo
diéu khién PI da duoc gigi thiéu phd bién
trong cac nghién ctu da qua, vi du xem
tai ligu [6][7].

So d6 cia mach diéu khién MDDB-
KTVC duoc thé hién trén hinh 1 vai vong
diéu khién ngoai cho téc do quay cuaa roto
va vong diéu khién trong cho dong dién
stato. Thong s6 cua bo diéu khién toc do
quay: Koo i, Va bo diéu khién dong dién:
Koi, kii dugc cho trong phan Phu luc. Theo
d6, dé mo ta hé théng co diéu khién can
b sung thém cac phuong trinh trang thai
cua bo didu khién vai cac bién trang méi
Z1, 2, Va Z3 nhu dudi day.

Phuong trinh mo6 ta bo diéu khién téc do
duoc viét dudi dang:

Tuong tu d6i voi bo diéu khién dong
dién, ta co:

2, =i~y

V; :kpi(i; — g )+ kiiZ,

2 =it~y (3)
Ve =koilic =i ) kiizs

trong d6 gia tri dat cua thanh phan dong
dién theo truc d iy bang 0: i; =0; thanh
phﬁn dong dién theo truc q thu duoc tu
phuong trinh (2).

Hon nifa, cac gia tri vg,v, tinh duoc tir (3)

dugc dua vao by tao xung dé diéu khién
bd nghich luu ctua bd truyén dong. Chu y
rang bg nghich luu c6 hang s6 quan tinh
nho hon nhiéu so véi hang s6 quan tinh
cua toan hé thong nén c6 thé coi: v, =V,
va v, =v,.

Két hop cac phuong trinh
do/dt =

dT, /dt=0

(1), (2) va (3), mo hinh cta may dién co
Hh=0 -0 thé viét lai dudi dang ma tran nhu sau:
Yo = kpco ((D* - (D)+ ki(x)zl (2) .
o2 X=AX+B=[F, F, F F[ @
| = ,—
7 3pA =[F, R R
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Xy Iy
X, i
i X = — q
VO’I X3 ) ]
| Xy =T, /3
b,
5|2
bs
O_
a; 0 a5 O
0 a a 0
A— 22 Qo3
0 0 a5 ag
0 0 0 0
trong do:
Rs +Kpi R Ly .
&1=- , Byp=——>, &3=—Pig,
) 22 L, L, M
2k -k F
a23:_(L—dpid +E+ﬂ} ag3=——",
Ly L, 3pilg J
k..z
a ::1 — 2
3 =1, I
o ks 2l o) L
2L 3pAL, ’ J

3. CAU TRUC CUA BO QUAN SAT
CHO HE QUAN SAT bU'O'C DEU

Xét hé thong dieoc md td boi phuwong trinh
c6 dang, [8]:

{Z'=F(u.2)

y=C.z ©®)

trong d6: 7= (21 25 ... 2g)' 1a hién
trgng thai; z, € R", ni2nx>...2ng,

(ISSN:

Fu2)=(Rl2) FUz) .. Fq(u,z))T

1,..., -1 duoc biéu dién

1859 - 4557)

voi F(u,z), i =
dudi dang: F(u,2)=F(U,2,2,,... 21,1 ), Z; € R"
théa mén diéu kién vé hang ma tran sau.

Rank[ i (6)

Ziy

(u,z)j: Ny, VU eU,Vz

Tac gia cua nghién cuu [8] da ching
minh dwoc diéu kién can dé thiét ké mot
bé quan sdt véi hé sé hang cho hé (5) Ia:

i) Diéu kién toan cuc Lipschitz

Jc>0:vz,2'eR",Vu eU,
IFu,z)-F(u,z)<c|z-2

ii) Dieu kién hinh nén 1oi

(7)

V&i Wk, 1<k<q-1, ton tai ma trin Sk k+1
co kich thudc ng X Ng+1 sao cho véi moi
(u,2)e(U xRM

oF
—*(u,2) € C(Ny, M, 1;~1Sy k1)

Zk+1
trong d6: C(Ny, Ny15—1Sy k41) 14 hinh
n6n 151 cho boi:
C(ys N =18y kig) = {T € 3(Ng, Nsas SR)}

théa man TTSk,k+1 + Slr,k+1T <-I
3(ng,ne,sM)1a khong gian cac ma tran
thuc c6 kich thudc ng X Ny41. 8)
Néu hai diéu kién vira néu théa méan thi
t6n tai ma tran dinh nghia duong ddi xang
Q va cac hang s6 duong p,7 sao cho Véi
moi (u,z)e(U x R"), ta co:

N1 Vol

S A A + "Q-C'C <
Ni+ny+...+ng=n; u la bien dau vao co QAU2) + Alu2) Q - pCC < ©)
gia tri thugc tdp hop bi chan U e R™; trong do:
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0 Apz) - 0
0 0 K :
Alu,z)= ,
: : Aq_l‘q(u,z)
0 0 0 0

oF
Véi Ak,k+1(u’z):a : (U’Z) la ma tran

Zk+1
kich thudc nj X nj+1 va | 1a ma trdn don vi
v6i kich thude phu hop.

Cudi cung, theo [8], b quan sat cho hé
thong (5) c6 dang:

2=F(u,2)+A,K(Ci-y) (10)

trong do K = Q'1CT; Aq la ma tran duong
chéo:

Ay=| 0 (11)

VGi Ink la ma tran don vi kich thudc ngxny

k=1.2,..,0; alathong b can diéu chinh
("tune™).

Trong muc tiép theo, cau triic bo quan sat
da gigi thiéu trong phan nay s& duoc ap
dung dé udc luong théng sb cho hé thong
mo ta trong muc 2.

4. MO PHONG VA BAN LUAN

Trudc hét can xac nhan hé théng ¢ muc 2
théa man cac dieu kién can (7) va (8)
de thiét ke bo quan sat cé cau trac (10).

C6 thé thay hé théng MDDB-KTVC la hé
vat ly c6 théng sé 1am viéc hitu han nén
diéu kién (7) dwong nhién thoa man. Nhu
vdy can xac nhan thém diéu kién (8)
cling thda man. Tur hé phuong trinh (4), ta
oF, (

cO: Agy(u, X) =

—2(u,X) =ag,, 1a hing so.
4

Ta can kiém tra thém gia tri caa Aps(u,X)

:@(u, X)=(a13J thuoc tap hop bi chan.
X3 a3
That vay, mé phong hé théng MDPDB-
KTVC lam viéc véi téc do quay va
momen co khac nhau trong ving théng sb
dinh murc cho quy dao A,,(u,xX) nhu trén
hinh 2.
Hinh 2 cho thdy quy dao cua As(u, X)
dugc gidi han bdi hai vecto OP; va OP,,
véi 0(0,0), Py(-1.3, -61.2), P,(18.7,
—62.3), va luén nam ¢ nira dudi cua mat
ph'ﬁmg toa do. Do do co thé kh'fmg dinh,
ma trdn A thudc tap hop bi chian hay vé
mat hinh hoc, né nam trong mdt hinh nén
16i va c6 dau khong doi. Vay diéu kién
dé sir dung bd quan sat co céu tric (10)
thoa man.

0
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P
1 2
L 0 5 10 15 20

a13

Hinh 2. Quy dao ctia A1 23 (u,X)

No6i dung con lai 1a tinh toan ma tran h¢
s6 K va tim cac hang s diéu chinh p, 7,
va a.

Ma tran hé sb K 1a 101 giai cia phuong
trinh (9), 4p dung cho hé thdng dang xét
ta co bat dang thurc:

QA(U,2) + A(u,2)'Q — pC'C <7l
trong truong hop dang nghién ctu, ma

tran C tuong tng véi phép do dong dién
stato, nghia 1a C = [l2x2,02¢2], VOI ok Va

(12)
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Oaxe twong tng la ma tran don vi va ma
tran khong kich thudc 2 x 2. Chon n=1,
p =1 dé giai ta ¢6: K = [-9,1:0, —7;
-2,73; -1,28]. Md phoéng va diéu chinh
(tune) thu duoc gia tri o = 10.

Tiép theo, tién hanh md phong hé thdng
va bo quan sat véi cac didu kién dau nhu
sau:

[id g o -Tp/J 6 7 7, 23J

=10, 0, 0, -0.01/J, 0, 0, 0, O];

iy i, e T3 b o3 5, 3

=[1, -1, 10.5,0,0, 0, 0, O];

= 1000F-— : :
2 1010 2 —
S 1000%;——_”‘—‘
2 500p i 900 b S 7]
g — Mo phong
= 0 ---Uoc luong

0 5 10 15 20

Hinh 3. Mé phéng quan sat téc dé roto

0.2 — Mo phong
— ——-Uoc luong
£ .
= 0.1 b
£ 1
= 1
.

0 5 10 15 20
t(s)

Hinh 4. M6 phéng quan sat mémen co’

Cac két qua chinh cia md phong thu
duoc, thé hién trén hinh 3 cho téc do quay
va hinh 4 cho mémen co. Trong khoang
thoi gian tir (0-5)s, may dién lam viéc ung
v6i hai tbc do yéu cau khac nhau la
n*=500 vong/phdt va n*=1000 vong/phut
(gi& tri yéu cau cua tdc do goc tuong tng
la w* = n*.7/30, rad/s). Udc lugng toe do
& Hinh 3 cho két qua tot trong qua trinh

(ISSN: 1859 - 4557)

qua do va ché do xac lap. Sau d6, mémen
co dugc thay ddi trong gidi han dinh muc
v6i dang bién thién nhu trén hinh 4, du
"thir thach" déi véi bo quan sat. Két qua
quan sat la duong mau do nét dat da hoi
tu kha tét déi véi mdmen co md phong
(duong nét lién) cua hé théng. Tom lai
cac két qua ude luong co thé cung cap
thdng tin téc d6 quay va mdmen co voi
dap tng nhanh cho phép c6 thé sir dung
cho nhiéu muc dich khéc nhau, vi du nhu
lam phan hoi cho diéu khién toc do, bu sai
léch mdmen trong cac bo diéu khién, va
lay thong tin vé mic d6 mang tai danh gia
dinh lugng gi& tri mdmen ctia may dién
trong qué trinh chan doan hu hong.

5. KET LUAN

Bai bao di gioi thiéu két qua tng dung
cua bo quan sat cho hé phi tuyen quan sat
dugc déu trong udce luong toc do quay va
moémen co cua MPDB-KTVC.

Két qua md phong cho thay bo quan sét
hoat dong tét, day 1a co s& dé mé rong két
qua nghién cau, s dung két qua udc
lwong cho cac muc dich khac nhau nhu
chan doan hu hong hoac lam phan héi cho
cac bo diéu khién.

6. PHU LUC

Théng so cia MPPB-KTVC Hurst,
DMA0204024B101: S6 ddi 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; Ly = 0,64 mH;
J = 1.7721.10° N.m/rad/s?;
A=0.0078933 Wh.

Thong $6 cua cdac bo diéu khién: Bo diéu
khién toc do: kp,= 0.006, ki, = 0.6. Bo
diéu khién dong dién: kpi= 1, ki=10.

S6 11 thang 11-2016

31



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC
(ISSN: 1859 - 4557)

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

(10]

[11]

TAI LIEU THAM KHAO

Matthias, and Erik Schaltz Preindl, "Sensorless model predictive direct current control using
novel second-order PLL observer for PMSM drive systems," IEEE Transactions on Industrial
Electronics, vol. 58, no. 9, pp. 4087-4095, 2011.

Hongryel, Jubum Son, and Jangmyung Lee Kim, "A high-speed sliding-mode observer for the
sensorless speed control of a PMSM," [EEE Transactions on Industrial Electronics, vol. 58, no.
9, pp. 4069-4077, 2011.

Yongsoon, and Seung-Ki Sul Park, "Sensorless control method for PMSM based on frequency-
adaptive disturbance observer," IEEE Journal of Emerging and Selected Topics in Power
Electronics, vol. 2, no. 3, pp. 143-151, 2014.

Z., Yongdong, L., Fadel, M., & Xi, X. Zedong, "A rotor speed and load torque observer for
PMSM based on extended Kalman filter," in IEEE International Conference on Industrial
Technology, 2006, pp. 233-238.

L., Fadel, M., Astier, S., & Calegari, L. Gasc, "Load torque observer for minimising torque ripple
in PMSM," Sixth International Conference on Electrical Machines and Systems, vol. 2, pp. 473-
476, 2003.

Zheng, Maurice Fadel, and Li Yon Gdong Zedong, "A high-performance control system of PMSM
based on load torque observer," in Power Electronics Specialists Conference, 2007.

Jin-Woo, Tae Hyun Kim, and Han Ho Choi Jung, "Speed control of a permanent magnet
synchronous motor with a torque observer: a fuzzy approach," IET Control Theory &
Applications, vol. 4, no. 12, pp. 2971-2981, 2010.

Dariusz Janiszewski, "Load torque estimation in sensorless pmsm drive using unscented
kalmana filter," IEEE International Symposium on Industrial Electronics, 2011.

R. Krishnan, Permanent Magnet Synchronous and Brushless DC Motor Drives.: Taylor & Francis,
20009.

Olivier Tremblay, "Modélisation, simulation et commande de la machine synchrone a aimants
a force contre-électromotrice trapézoidale," Ph.D. dissertation 2006.

Hassan Hammouri and M Farza, "Nonlinear observers for locally uniformly observable systems,"
ESAIM. cocV, vol. 9, pp. 353-370, 2000.

Gigi thiéu tac gia:

Tac gid Vi Hoang Giang t6t nghiép dai hoc va thac si tai Trudng Dai hoc
Bach khoa Ha Noi vao cac ndm 2002 va 2005. Nam 2014 nhan bang tién si

- | ky thudt dién tai Trudng Dai hoc Claude Bernard Lyon 1, Cong hoa Phap.

Hién dang cong tac tai Trudng Dai hoc Dién luc.

7 Hudng nghién citu chinh: chdn doan hu héng trong may dién, udc lugng
thdng s6 cia may dién, diéu khién may dién va cac bd bién ddi sir dung thiét
bi dién tr cdng sudt, ing dung cla cac bd bién d6i trong Iudi dién
thong minh.

Email: giangvh@epu.edu.vn

32

SO 11 thang 11-2016



