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Abstract

The permanent synchronous motor drive system incorporates magnetic bearings to perform speed control and balance rotor control between
the two stators. The paper studies adjusting motor speed sensorless based on measured current components. The electromotive force (back-
EMF) generated in the stator is estimated by a High-Gain observer. The angular position and velocity rotor is calculated through the a-f8
components of the back-EMF. The motor drive is built in a vector control structure based on the rotor flux, using PID controllers to control
rotor position and speed. The speed feedback signal is taken from the output of the High-Gain observer. Simulation results in Matlab-
Simulink software show that the output speed value of the drive follows the desired trajectory, and the rotor is controlled in the equilibrium
position. This also indicates that the High-Gain Observer has a very good speed estimation.
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Symbols

Symbols  Units  Description

2 20 mm Do 16n khe hé gifra stator va rotor,
khe ho tai vi tri can bang

L, Ly H Pién cam stator, di€n cam ro

Ln L'y Hm HO cam, dién cam trén mot don vi
khe ho

Am Wb Tu thong moéc vong gitra stator va
rotor

W, > O, Rad/s Van toc rotor, van toc rotor udc
luong

Abbreviations

HG High-gain

MIMO multi input — multi output

Tém tit

He¢ truyén dong dong co ddng bo kich thich vinh ctru tich hop 6 d&
tlr thue hién diéu khién tdc do va didu khién rotor can béng o gilta
hai stator. Bai bo tap trung diéu chinh téc d6 dong co chi do thanh
phin dong dién stator ma khong do téc d6 quay. Sirc phan dién
dong (back-EMF) sinh ra ¢ stator s€ dugc udc lugng boi bd quan
sat High-Gain (HG). T d6 vi tri goc va vén tdc rotor s& du‘oc tinh
toan thong qua céac thanh phan 0-B cta back-EMF. Hé truyén dong
dong co duge xdy dung theo ciu triic diéu khién vector tira theo tir
thong rotor, sir dung cac bd diéu khién PID diéu khién vi tri va tdc
do rotor. Tin hi€u phan hdi tde d6 duoc léy tr dAu ra ctia bd quan

sat HG. Két qua mo phong trén phén mém Matlab- Simulink cho
thiy gia tri téc d6 dau ra cua hé truyén dong bam theo quy dao dit
va rotor dugc diéu khién 0 vi trf can bang. Piéu dé cho thiy bo
quan sat HG da uéc lwong tdt tbe do dong co.

1. Phin mé diu

Trong nhimg nim gan day, dong co tich hop 6 d& tir dugc
chu y nghién ctru va g dung ngay cang nhiéu do nhiing wu
diém ctia n6 so vai 6 d bi truyén théng [1 J. Bong co nghién
clru trong bai bao 1a dong co dong bo co gan nam cham vinh
ctru & rotor va bd tri hai stator c6 day quan ¢ hai phia cua
rotor. Gia thiét truc déng co di dwoc thuc hién nang 6n dinh
béi cac 6 tir ngang truc, thi ddi tugng khi d6 c6 hai bac tu do
1a chuyén dong quay va sy dich chuyén vi tri doc truc rotor
23 7
Qua trinh diéu khién can tach kénh giltra momen tao chuyén
dong quay va lyc tac dong vi tri doc tryc. Vi thé cau trac
diéu khién vector twa theo tir thong rotor dugc dé xuét, cho
chét lugng diéu khién cao tuy nhién can thuc hién khau
chuyén ddi hé toa do [4]. Piéu nay lam cho hé phu thudc can
phai c6 thong tin chinh xac vi tri gébc © cua rotor thong qua
cam bién do vi tri goc quay. Tin hi¢u phan hoi cua tde do
ciing duogce 14y tir cam bién nay. Cam bién lam tang chi phi,
tang kich thudc, giy anh huong dén do chic chén co khi va
viée bao tri bao dudng thiét bi [6]. Vi thé, cac phwong phap
thay thé cam bién do toc d6 bang cac ki thuét tinh toan duoc
nghién ctru va cong bd ngay cang nhiéu [5]-[7].

Mb hinh toan hoc cta dong co ddng bé tich hop 6 d& tir co
tinh phi tuyén va diéu khién phtc tap. Tham sé khe ho
khong khi & cic dong co truyén thong thuong khong doi, con
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dong co trong bai bao co rotor chuyén dong voi hai bac tu
do. Bao gdm chuyén dong quay va chuyén dong tinh tién
doc truc, lam thay ddi vi tri goc rotor va do 16n khe hod
khong khi gitra stator va rotor lién tuc tdc dong lam thay dbi
cac tham so cuia dong co.

Trong cac cong trinh da cong bd vé diéu khién khong do toc
d6 quay cho dong co dong bo, co thé néu ra hai hudng tiép
can dé ude luong vi tri goc va te dd rotor [3]1-[5], [81-[14].
Huéng thtr nhit 1a dua trén sy bién thién dién cam do anh
hudng cuc 1i trén hai truc d-q. Muc chénh 1éch dién cam
duoc su dung dé uéde luong truc tiép vi tri rotor. Pién cam
rotor ¢6 thé coi la mot ham cua vi tri rotor nén théng tin vi
tri rotor s€ c6 dugc tir sy cdp nhét lién tuc dién cam trén sta-
tor [8]-[10],[13]. Phuwong phap INFORM dai dién cho nhém
cac phuong phéap di theo hudng nay va chi tmg dung dugc
cho qua trinh dong hoc ¢ dai toc do thdp va gan dimg.
Hudng tiép can thtr hai dya trén udc lugng stc phan dién
dong back-EMF két hop bo do dong va ap cua stator, trong
d6 co thé ké dén cac bo quan sat Luenberger, bd quan sat
truot [51,[6],[11],[12]. Tir gi4 tri back-EMF c6 thé udc luong
dugc vi tri goc rotor va tinh toan tdc do quay. Han ché cua
phuong phép nay 13 cac thanh phin back-EMF qua nho va
nhay cam v6i nhidu va bién thién tham s dong co nén kho
khin khi ap dung ¢ dai toc do thdp va gan dimg. Tuy nhién,
vu diém cua phuong phap nay 1a co6 khéi luong tinh toan
giam, don gian va dé thiét ké, cai dat trong hé truyén dong.
Bai bao nay trinh bay mot bo quan sat High-Gain theo nhu
hudng tlep can thir hai, n6 c¢6 vu diém 1a luat quan sat don
gian, dé thiét ké va chua co cong trinh nao st dung bd quan
sat HG cho dong co tir trudng doc truc 6 d& tir. Mic du tai
liéu [15] 6 str dung mot céu triic quan sat tuong ddng nhung
ap dung cho la hé thuy-luc. Bai bao dé xuit mot hé truyén
dong str dung céu trac didu khién vector, trong d6 bd quan
sat HG udc lugng gia tri ciia back-EMF tu viéc do dong dién
trén stator va gia tri dién ap tham chiéu, qua d6 tinh toan
dugc vi tri goc rotor va toc do quay. Tinh kha thi coa
phuong phap duoc chimg minh thong qua két qua tir thi
nghiém mo phong toan hé.

2. M0 hinh toan hoc

Cau triic ciia dong co dong bo kich thich vinh ciru tich hop 6
dd tir dugc trinh bay trén Hinh 1. Rotor dugc nang boi hai 6
do tir ngang truc. Sy chuyen dong theo cac hudng x, y, 0Oy, 0,
cua rotor dugc gia thiét chi phu thudc vao bo diéu khién cac
6 tir ngang truc. Do d6, so voi bai toan diéu khién chuyén
dong dong co truyén thong chi diéu khién mot bac tu do,
dong co trong bai bao dugc diéu khién gdom hai bac tu do, d6
1a chuyén dong quay va chuyen dong tinh tién theo truc .
Rotor 1a dia phing c6 gin cic nam chdm vinh curu trén bé
mat rotor (nonsalient-pole rotor) hodc gan trong ranh bé mit
rotor (salient-pole rotor). MJi phia cua rotor 1a mdt stator,
trén moi stator gom ba cudn day ba pha tao ra tir truong
quay trong khe hd khong khi. Tu truong nay sé€ tao ra cac
momen quay 7; va T trén rotor va cac lyc hut F; va F gitra
rotor voi tung stator. Momen téng T duogc tinh 1a sy cong hai
momen thanh ph?m. Luc doc truc F duogc tinh 1a hiéu cta hai
Iuc doc tryc thanh phén[l].

M0 hinh todn hoc ctia dong co dugc trinh bay trén hé truc
tua theo tir thong rotor (d,q) hoac h¢ toa d¢ stator (a,f). Qua
trinh tinh toan lyc doc truc va tinh momen quay cho mot

phia stator rdi sau d6 ap dung cho phia stator con lai dé tong
hop thanh m6 hinh toan hoc tong quat cho dong co.

Hinh 1: Céu tric cta dong co déng bo & da tir

Rotor néu la salient-pole rotor thi d§ ty cam trén stator s€
phu thudc vao vi tri goc rotor va phy thudc vao khe hd
khong khi giira stator va rotor. Néu rotor 1a nonsalient-pole
rotor thi d¢ tw cam khong phu thudc vao vi tri goc rotor va
gia tri khi chiéu 1én truc d va truc q co thé coi xap xi bang
nhau. Thuong dién cam nay sé ti 1¢ nghich voi khe ho khong
khi, nén ta co cong thirc xap xi sau:

Ls :§i+Esl (1)
g
s 3L,
Vahdcam: [, =220 2
m 2 g

Véi g = gp+z vazIlado dich chuyén
Phuong trinh vector di€n ap ciia mot stator trén hé toa do af:

o
U =iR +L " +E, 3)
dt

V6i i 1a vector dong dién stator, Us 1a vector dién ap stator.
Vector strc dién dong cam ung:
da,, . dx,,
dt ‘ de,
V6i A 12 1a d6 16n cua tir thong moc vong gilta rotor va sta-
tor. E; 1a ham sin va dugc biéu dién thanh cac thanh phan
trén hé toa do af nhu sau:
E, = -|km|(08 sin@,
EsB = |>\vm |Q)e COSee

Véi w. 1a van tdc rotor, 6. 14 vi tri clia vector tir thdng rotor.
Tu (3) ta co:

k=

“4)

®)

di R

— = +—u, -—E

dt LS o« LS‘ o« LS o« 6
diz, R . L L ©)
—=——l,t—u, -—E

dt L b B

S S S
Tu cac phuong trinh trén, ta cé thé tinh duoc gia tri Back-
EMF néu biét duoc thong tin vé dong dién va dién ap, tir 46
tinh duogc vi tri va tde d0 cua rotor.
Theo [1]-[3] nguyén li diéu khién hé:

idl . id’(') id (7)

Iy = gy 1y
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Trong d6: iz va iz twong Ung 1a thanh phan dong dién doc
truc trén 2 stato sinh ra luc hat F; va Fo.

iap 14 dong offset, c6 gia tri rat nho hodc x4p xi khong.

Néu sy dich chuyén bang khéng hodc rit nho so voi khe hé
khong khi tai diém can bang go ta co:

Vi K =-3L,/4g: s6 hit

truc; K,

la hé luc doc

= —3PL,i, /2g, la h¢ s momen quay

Céu trac diéu khién khong dung cdm bién do téc do quay
cho dong co ddng bo tich hop 6 d& tir sir dung bd quan sat

F — 4K i i, (8)  HG nhu Hinh 2. Céu tric nay dya trén nguyén ly diéu khién
T - 2K,i, (9) vector tqa theo tu thong rotor trén hé truc dq, véi truc d
trung véi vector tur thong rotor [4], [5].
Cam bién vi tri doc
truc
Tdlrer Halref
. a gl 1o Halref E >
—>| Bo di¢u | _"dira | R
7(/17(1'; Khién ‘,(/ > a/y up 19| pwMm - Inverter
> dong | ufoT| /P | e abc > g I
dién fletre R
r id1 I lal
- . ; dq/ ¢ ap/ |*
2oy [OEE i Yoo | in | Yo | i
vi *
L
@—> wee
truc Tinh toan ?
dong di¢én P2 T 1 M
dat cho hai !
Ord Bb diéu stator ) ¥
—>qp—> klnén N laz 1 7%, ia2
- | tocdo i f’f/ N ap/ [*
fa> : af ig2 abc in2
2 1 .
]
1
]
L : U a2ref
2] Bo diéu | 1axyr e g
Td2ref khién M ‘/‘/ aff p2rerl pwM | Inverter
: »| dong = aff Wpne abc i g 2
lgxd, ) dign > Ll >
> ll(]:fk > v
E e A A A 4 1L
'«———{ Bo quan sat
@ High-gain

Hinh 2: Ciu trac diéu khién khong do téc d6 quay cua dong co

Tbc @6 rotor duoc tinh bai bd quan sat dugc so sanh vai gia
tri tbe do tham chiéu, sau d6 sai 1éch dwgc dwa vio bo dicu
chinh téc do R..

Dong dién trén hai pha cua stator trén hé toa do af c6 dugc
béng viéc do dong dién trén hai pha thuc. Sau d6 cac thanh
phﬁn dong dién trén hé toa d§ dg dugc tinh dua vao vi tri
rotor 14y tir bd quan sat. Cac thanh phan truc ¢ duoc diéu
khién boi cac gia tri tham chiéu ldy tir bo diéu khién tdc do,
con cac thanh ph?m truc d dugc diéu khién boi cac gia tri
tham chiéu 1y tir bo diéu khién vi tri doc truc. Pau ra ciia bo
diéu khién dong dién dung dé tinh cac gia tri dién ap tham
chiéu. Ta can su dung khau chuyén hé toa do quay sang hé
tham chiéu ¢ dinh ba pha stator. Dong dién cap truc tlep
cho cac pha stator cia AGBM duoc cép tir cac bo diéu ché
d6 rong xung PWM. Trong d6, bo diéu khién tc do sir dung
14 b diéu khién PI, bo diéu khién vi tri 1a PID.

3. B0 quan sat High-gain
3.1. Thiét ké bd quan sat

Nhiém vu ctua bd quan sat HG la wéc lugng duoc céac gia tri
thanh phan Ey.va Egy cia back-EMF nhanh chéng bam theo
gia tri that cua back-EMF cua dong co, d€ tir d6 tinh duoc

gia tri vi tri goc rotor O h(f)i tu du nhanh. Pau vao cua bd
quan sat HG la thanh phan dong dién stator i; va dién ap
tham chi€u u; trén hé toa do a-f. Tu (5) va (6) ta co:
. di .
E,, =-\,|w,sin, =—L j—Rszm +utg,
di ‘ (10)
E B |>\'m|(’~)c COSee = _Ls d_StB_ RsisB +usB
%,h—/

B
Cac g1a tri back-EMF duogc udc lugng tir b quan sat ki hiéu
la E va E

theo bo quan sat HG:

, dac tinh déng hoc cua gia tri E va E

A 1 di ~
E, =—(-L, 2=~ Ri, +u, - E,)
g, dt
1 - 1
=——FE +—h,
8& 8&

(11)

ug —Esﬁ)
EB
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1 .
Trong d6 —va RS 1a cac hé so cua bo quan sat HG. Tu (10)
€ &g
va (11) ta viét dugc hé phuong trinh trang thai:
x=Ax+Bu+H

= (12)

Trong do: x = [i_ i EXQ Esﬁ 1" vector trang thai ciia bd

s SR
quan sat

u = [us, usy]" vector dau vao

y=1>ri, i, E E ]T vector dau ra ctia bo quan sét

0 _R\' /L\ 0 _I/L\
A = N | la ma trdn hé
0 0 ~1/e, 0
0 0 0 —l/aB
thong
/L, 0
0 1/L |, o
B= 14 ma tran dau vao (13)
0 o0
| 0 0
1.0 0 0
0100 3
C= la ma tran dau ra (14)
0010
0 0 0 1
0
0 5
H= la ma tran diéu kién (15)
hQ /80.
/’lB /aB

Vi ma tran dau vao C ¢ dang ma tran don vi nén dé dang
tinh duoc hang cia ma tran [C CA CA? CA®]"bang 4. Khi
d6 hé phuong trinh trang thai (12) thoa maén tinh quan sat
dugc. Cac gia tri trang thai udc luong dat dugc gia tri can
ude luong khi cac hé s6 wdc lwong lam cho cac sai sé ude
luong hoi tu vé 0 trong mot khoang thoi gian dii nhanh.
Dinh nghia sai s6 giita gia tri thyc va gia tri uc lugng nhu
sau:

E =E_ -FE

B (16)
EVB = E\'B - EVB
Tir (10) - (16) thu dwgc dic tinh dong hoc ciia cac sai s6 ude
luong:

ESQ :—iEm +hq

E(X
. (17)
ESB :——E +h

€p

Theo [15] va (17) ta c6 cac gia tri sau thdéa man bat dfmg
thirc:

£, | <e " |E, ) +e,p,0) o
|E.yB | < e(—l/’:[ﬁ ) |ESB (0)| " EB -DB (f)

Tir (10) cac gia tri e,va ey la cac ham didu hoa nén ton tai

cac hé so h, va hB sao cho:

h
3

(19)

Nhu vay néu cac hé so e, va eg ciia b quan sat HG cang nho

Brnax

U max

<h,va|h|<h

thi |ES(X| va |ESB | thi s& bi chan boi cac ving bao cang nho
|E,, («0)| va |E,, ()| Khi d6 chon gi trj e, va g cang nho

tde d6 hoi ty gia tri udc lugng cang nhanh bam theo cac gia
tri thuc Ey, va Eg ciia back-EMF.

3.2. Tinh toén vi tri va tbc dé

Tir viéc ude lugng st dién dong cam ung, ta c6 thé tinh
duogc toc do va vi tri rotor theo phuong trinh sau:

0, = arctan(i) (20)
s
\ ,Efu +Ex,
e =——— 21)
A
Hoic ¢, =99 (22)
dt

Viée udce lwong toc do dwoc tinh & ché do thap hon so véi vi
tri rotor. Theo (21) tdc d6 dugc tinh hop li song gia tri nay
lai phy thudc vao tur thong méc vong, 1a dai luogng bi anh
hudng baoi nhi¢t d¢ mdi truong. Theo (22) tde d0 duoc tinh
dam bao hon, nhit 1a ¢ dai tbc do vira va cao, nhung bi anh
hudng béi nhidu qua trinh.

4. Mo phéng va két qua

bé ching minh kha nang lam viéc cia by quan sat HG, mot
hé truyen dong khoéng do toe do quay duoc thyc hién trén
phian mém mo phong. Véi cac tham sb ciia dong co gdm co
dién tro pha la 2,6 Q; khe hd khong khi gitra stator va rotor
la 1,7 mm; khéi luong rotor 1a 0,28 kg; gié tri dién cam L’y
1a 11x10°% Hm; dién cam ro Ly 12 5x10-* H; momen qudn tinh
12 0,000106 kgm?, s6 doi cuc P bang 2; bién do tir thong moc
vong sinh bdi nam cham vinh ctru A 13 0,022 Wb. Cac hé $6
quan sat dugc st dung cho mo phong 1a e, = 107 va g5 =
1,2x107.

Xét truong hop khi tbe do dat 1a 4000 v/ph, tai thoi diém
0,7s momen tai My c6 gia tri IN tac dong dén hé théng.
Hinh 3 cho théy sau 0,4s toc do ude lugng bam theo sat véi
gia tri toc do that, sai sO giita hai gi4 tri toc gn nhu 14 khong
ton tai. Tai thoi diém 0,7s khi momen tai tac dong, dap ing
toc do cua bo quan sat HG dao dong khoang 0,02s r6i tiép
tuc bam gia tri tde d6 thuc dong co. Hinh 4 cho thay dap tng
cua hai thanh phén dong dién iqva iy, trong d6 dong dién i, &
thoi diém ban dau c6 gia tri kha 16n dé gia toc cho dong co
nhanh chong dat gia tri dat, sau d6 gia tri giam xudng rat nho
& cudi ché do qua do. Hinh 5 cho thdy dii co6 momen tai tac
dong, thanh phan Back-EMF trén truc a ctia bd quan sat luon
bam theo thanh phan Back-EMF thyc cta dong co voi sai 50
gan nhu 1a khong déang ké. Hinh 6 chi ra rang thanh phin
Back-EMF trén truc § ciia by quan sat bam sat theo thanh
phan Back-EMF thyc ciia dong co ca vé goc pha va bién do
trong su6t qué trinh lam viéc.
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5000

= ‘W quan sit
—w dong co

4000

3000 - /

1000 b ‘ ‘ ‘ B

/

)
=
S
S

Téc d6 (v/ph)

0

0 0.1 02 03 0.4 0.5 0.6 0.7 08 0.9 1
Time (s)

Hinh 3: Dép tng téc do khi gia tri dit 14 4000 v/ph ¢6 tac dong ciia mo-

men tai

6 T T

IS
T——=w
I

[}

N P e p——

Dang dién id, iq (A)
(=]

'
%)
T
I

4 L L I I I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Time (s)
Hinh 4: Dap ung dong dién i;va i,

|=—c quan sat|
— ‘e ddng co

e anpha (V)
v o N

A

6 L 1 L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (s)

Hinh 5: Thanh phén E,, cia dong co va E, by quan sat

T
|==—c quan sat
4 — e dong co

A
I
Qo
o
-2 V
-4 '
-6 L \ | L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time (s)

Hinh 6: Thanh phan Ey; clia dong co va Ey; bd quan sat

Khi thay ddi gia tri dat tbc do tir 2000 v/ph — 3000v/ph —
1000 v/ph ta thu dugc Hinh 7. Tbc do udc luong tir bd quan
sat van bam theo tdc do gia tri that sau khoang thoi gian qua
do 0,4s. Tai mdi thoi diem thay doi toc do, dap tmg toc do
quan sat can 0,25s dé tiép tuc bam theo gia tri toc do thyc.
Khi d6, sai s6 giita gia tri that véi gia tri udc lugng gan nhu
1a khong c6. Cac thanh phan Ey, va Eg & dau ra bo quan sat
HG dang ham sin c6 goc pha va gia tri bam theo cac gia tri
Back-EMF thuc ctia dong co. Su thay ddi gia tri dat tde do
khong 1am thay ddi thoi gian woc lugng ctia bd quan sat.

5. Kétluin

Bai béo trinh bay hé diéu khlen khong do tbe dd quay cho
dong co ddng b tich hop 6 d& tir va tinh toan cac bo didu
khlen, b quan sat HG trong hé thong. B0 quan sat st dung

cac tin hidu vao 1a dién 4p tham chiéu va dong dién stator dé
thuc hién udc lugng stic phan dién dong back-EMF, tir do
tinh toan duoc vi tri va tc do rotor. Hé lam viéc 6n dinh ¢
dai tdc d6 trung binh trd 1én, trong d6 su tuong tac gitra didu
Kkhién vi tri doc truc va diéu khién toc do cling da dwoc han
ché. Tuy nhién dap g con co han ché ¢ hién twong dinh do
bd quan sat gay nhidu tac dong dén chét luong toc do dau ra.
Xir 1y han ché nay va chimg minh tinh 6n dinh 1a huéng phat
trién tiép theo cho hé thong.

3000
2500

= 'w quan sat
—w déng co

2000

v (v/ph)

2 1500

0 0.5 1 15
Time (s)
4 T
== quan sat
— e dong co
2k i
z
g
°
2
AR R AR i
4 L
0 0.5 1 15
Time (s)
4 T
===¢ quan sat
— e dong co
2k i
S
20
Bt
©
o
-2 v
Ve v

o 0.5 1 15
Time (s)

Hinh 7: Pap tng tc do, cac thanh phan Back-EMF trén truc a-f khi thay
dbi gia tri dat tdc do
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