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Abstract

The permanent magnet synchronous motor drive system incorporates magnetic bearings to perform high speed control and balance rotor
control between the two stators. The paper designed a system to perform adjusting motor speed sensor-less based on measured current, axial
position and voltage reference components. The electromotive force (back-EMF) generated in the stator is estimated by a sliding mode
observer. The angular position and velocity rotor is calculated through the a-f com-ponents of the back-EMF. An output correction stitch to
correct the estimated angular position to exactly follow the true value. The motor drive is built in a vector control structure based on the rotor
flux. The efficiency of the proposed observation system for the axial gap permanent magnet motor control system is verfified by simulation

at medium and high speed ranges.
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Cic tir viét tit

KTVC Kich thich vinh ctru
TTDT Tu trudng doc truc
Tém tit

Hé truyén dong dong co ddng bd kich thich vinh ciru st dung 6 do
tir Gmg dung trong céc bai toan diéu khién tdc d6 cao va diéu khién
rotor can bang gitta hai stator. Bai bao thiét ké mot hé théng diéu
khién khong st dung cam bién do téc d6 ma dua trén viéc do cac
thanh phin dong dién, vi tri doc truc va dién ap dat dé co dugc thong
tin vé vi tri goc quay va téc do. Strc phan dién dong (back-EMF) trén
stator dugc uoc lugng boi mot quan sat vién trugt. Vi tri goc va tbc
d0 rotor duogc tinh toan thong qua cac gia tri sttc phan dién dong trén
hé toa do dimg yén a-f. Mot vong 1ap khoa pha cai tién thuc hién
didu chinh vi tri goc ude luong dé bam theo chinh xdc gid tri gbe
thuc. Hé truyén dong dong co duoc xdy dung trong chu tric didu
khién véc to tia theo tir thong rotor dé han ché cac tuong tic xen
kénh cta cac mach vong didu khién ngoai. Két qua mo phong cho
thdy bo quan sat truot két hop vong khoa pha dugce d& xuét cé cho
dzc tinh dong hoc tdt & dai tdc do trung binh tré 1én.

1. Phin mé dau

Hé diéu khlen dong co ddng bo KTVC TTDT phai dam bao
didu khién 6n dinh téc d6 quay cua rotor va diéu khién rotor

& vi tri can bang giira hai stator [1], [2]. Do d6 trong cau trac
diéu khién trong ing gdm c6 mach vong diéu khlen toc do va
mach vong diéu khién vi tri doc truc. Ngoai ra, cdu tric diéu
khién cin c6 kha niang han ché tic dong xen kénh giira hai
vong diéu khién vong ngoai. Vi thé ciu trac diéu khién vector
cho dong co ddng bd KTVC TTDT duoc sir dung v6i kha
nang cho dap Gng dac tinh dong hoc cao. Tuy nhién, khi do
qué trinh tinh toan diéu khién can thuc hién khau chuyén dbi
giita cac hé toa do [3]. Piéu nay 1am cho hé phuy thudc can
phai c¢6 thong tin chinh xac vi tri géc . cua rotor thdong qua
cam bién do vi tri gbc quay. Cam bién nay lam ting chi phi,
tang kich thudc, gay anh huong dén d6 chic chan co khi va
gay phirc tap khi bao tri, bao dudng thiét bi. Vi thé, thuat toan
diéu khién lugc bo cam bién do toe do bé‘mg cac ki thuat tinh
toan dugc nghién ctru va tmg dung ngay cang nhiéu.

M5 hinh toan hoc ctia dong co dong bo KTVC TTDT c6 tinh
phi tuyén va didu khién phuc tap. O cac dong co khe hé ngang
truc truyen thong, khe ho khong khi gitra rotor va stator la
khéng ddi, con déi voi dong co 6 tir doc truc, khi van hanh
quay khe h& khong khi gitra stator va rotor bién thién lién tuc
lam thay ddi tham s6 cuia dong co, gdy ra sai léch trong mo
hinh toan hoc cua hé.

Trong céc cong trinh d4 cong bd vé diéu khién khong do tdc
d6 quay [4]-[11], c6 thé nhoém thanh hai huéng nghién ciru,
d6 14 udc luong vi tri goc rotor dya trén su bién thién dién
cam do anh huong dic diém cuc 16i stator; va giai phap sur
dung cac bd quan sat udc lugng strc phan dién thong qua cac
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thanh phan co ban nhu dién 4p va dong dién. Trong d6, hudng
tiép can thir hai c6 uu diém khéi lugng tinh toan giam, don
gian, cdu tric thuat toan tuong minh va co thé cai dat trong hé
truyén dong toc do cao. Tir gid tri sirc dién dong cam Gmg quan
sat duge o thé xac dinh vi tri goc rotor va tinh toan tdc do
quay.

Trong bai bao [12] ding & sb trude cua tap chi, mot bd quan
sat High-gain dugc thiét ké theo chién lugce nay, tir két qua mo
phong cho thiy tinh kha thi trong viéc xac dinh vi tri goc rotor
va téc do quay sau khi wéc luong thanh phan suc phan dién
dong. Mac du vay, két qua thu dugc cod ché vé& mat khao sat
anh huong cia thanh phan bt dinh va tham s bién thién cua
hé théng, vi du nhu vi tri doc truc z tdc dong dén tham s dong
co la dién tro pha stator. Ngoai ra viéc tinh toan sai s6 dua
trén mo hinh toan ctia dong co ddong bdo KTVC TTDT ciing
gdy ra dao dong trong qua trinh quéa d6 va ton tai sai 1éch tinh.
Vi vdy, trong bai bao nay, thyc hién thiét ké bo quan sat trugt
két hop khau hiéu chinh dau ra c6 tinh dén sy bién déi cua vi
tri doc truc. Péng gbdp cuia hé quan sat dé& xudt d6 1a di giam
dugc dang ké sai 16ch trong qua trinh qua d6 va gan nhu triét
tiéu sai léch tinh. Tuy nhién, hé thdng van ton tai dic diém
chung cua cac hé diéu khién sensorless 1 chua tmg dung duoc
cho toan bo dai 1am viéc, tir tbe d6 gan dimg va thap dén cao.
Li do cac thanh phan sirc dién dong qua nho, nhay cam véi
nhidu va bién thién tham sd khi tbc do thap. Du vay, dong co
doéng bo KTVC TTDT dugc quan tdm véi cac Gmg dung
truyén dong tbc d6 cao nén viéc ung dung bd quan sat trugt
6 co s trong viéc cai dit thuc tién.

Bai bao dau tién s& trinh bay mé hinh toan hoc ctia dong co &
muc 2, sau d6 thiét ké thudt toan quan sat truot két hop khau
hiéu chinh dau ra trong muc 3. Png thoi & muyc nay s& ching
minh sy hoi tu va on dinh cia hé thong quan sat. Cudi cing 1a
kiém dinh chét lugng ciia toan hé thong boi cac mod phong trén
phan mém Matlab-simulink.

2. MG hinh toan hoc dong co

Céu trac cia dong co ddng bd KTVC TTDT dugc trinh bay
nhu Hinh 1. Pong co bao gdm mot rotor dang dia duoc sip
xép & gitra hai stator. Gia thiét rang cac chuyén dong theo truc
x, y va cac chuyén dong quay tuong tng 6., 6, cua rotor di
dugc diéu chinh boi hai 6 tir ngang truc. Vhu vay, ndi dung
bai bao chi quan tdm hé diéu khién dong co chuyén dong véi
hai bac tu do, 1a chuyén dong quay quanh truc z va chuyén
dong dich chuyen doc truc. Pay 1a diém khac biét so voi cac
dong co truyén théng, von chi co mot bac tu do 1a chuyén
dong quay.

Hai stator nim & hai phia cia rotor, trén mdi stator c6 cudn
day ba pha dé sinh ra tir trudng quay trong khe ho khong khi.
Céc tir truong quay nay sinh ra cic momen 7} va T ciing chiéu
nhau kéo quay rotor, déng thoi no cling tao ra céc lyc doc truc
F; va F; giita rotor v&i hai stator. Momen téng 7 13 tdng cua
hai m6 men 7; va T 2. Luc doc truc téng F 1a hiéu hai lyc hut
F; va F>. Mach ngudn cap dién xoay chiéu ba pha cho hai
stator ciia dong co ¢6 ¢o tan sb va dién ap bién thién dugc xac
dinh duya trén tc d6 quay cua truc, moémen cua tai va lyuc tai
doc tryc cua dong co.

O tir
ngang tryc 1

stam"

ngang tryc 2

(2) (b)
Hinh 1: C4u tric dong co BB KTVC TTDT (a) va rotor cuc 4n (b) [1]

M0 hinh toan hoc ctia dong co dugc trinh bay trén hé truc tya

theo tir thong rotor (d,q) hoac hé toa dd stator (o, f). Qua trinh

tinh toan lyc doc tryc va tinh momen quay cho mét phia stator

10i sau d6 ap dung cho phia stator con lai dé tong

hop thanh mé hinh toén hoc tong quat cho dong co [13]-[15].
d d

q
Rotor 1 I
[o s e | — — —
Khe h | 1 1 Khe h&
T T
e o/ o o o [0 o
Y rwoov oo w oV u
Stator 1, W e
2n/3 2n/3 2n/3

Hinh 2: Cac hé truc toa do

Tuy thude vao viée gin nam chdm vinh ciru trong hay trén bé
mat cua rotor dé tao nén rotor cyc 16i (nam cham vinh ctu
dugc lam bang vat liéu siéu dan voi p=1) hodc rotor cuc
khong 16i. Trong bai bao nay doi tugng nghién ciru la dong co
cuc an. Dudi dicu kién can bang ba pha, bi€u thirc xac dinh
cac thanh phan dién cam cua stator trén hé toa do dg nhu sau:
3L

2+ L (1)

2g ’
la d¢ tu cam hiéu dung trén mét don vi khe ho

L.vd = qu = LS =

Véic L, L

sq0
khong khi; Ly 1a dién cam ro; g = gp £ z: A0 16n khe hd khong
khi gitra stator va rotor; go: khe ho khi rotor & vi tri can bang;
z: d0 1éch doc truc so vdi vi tri can béng.

Qua trinh quan sat thyc hién trén hé toa d6 dung yén (o,p) ta
co:

.5

US =R +L, % +e )

N

Voi: u,, i, e 1a dién ap, dong dién va suc phan dién dong trén
stator.
Gia thiét dong co ddng bo KTVC TTDT c6 séng hai co ban
cua strc dién dong cam ung dang sin ly tuwong, khi dé strc dién
ddng cam ung chiéu trén hé toa do aff dugc xac dinh nhu sau:
{em =-|4,|®, sin6,
3)
ep = |4,| @, cos 6,

Voi: Ay 1 tir thong moc vong; w. 1a van tdc rotor; 0, 1a vi tri
cua vector tur thong rotor.
Tt phuong trinh (2) ta cé:
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di, R 1 1

—a = o t—u,-—e,
dt L L L,

g “)
lx/? Rv 1 1

— Lpt T Up -7 Cp
d L YL YL

Nguyén tic xac dinh dong dién tham chiéu cho hai stator nhu
sau:

In =l — U

)

Lip =lgo Ty

V6i: iqp 1a dong dién phan cuc (dong dién offset), thuong dugc
chon xép xi bang khong.; iz, iz twong Gmg 1a hai thanh phan
dong dién truc d trén hai stator; iy, ig> tuong ung la hai thanh
phan dong dién truc ¢ trén hai stator.

z Cam bién vi tri doc

true -
idirer Uulref
¥é;
T *| B5 didu ita‘}ref Ualref > >
Iq}mf— khién dgq " a',fy Wirefl pyrg . | Inverter
> dong Q > of U iref abe > > 1
dien 1 » lw Iref]
—»| dién Vgl ef 3 >
Idi fal ial
- | Bsdidu > g/ 1 b/ *
s . — . -
Zref & khién vi 99 off e 131 abe - in1
—@O—»| tridoc |, igl N
true
Tinh toan .
dong dién Pong co
dat cho hai bB KTVC
B6 diéu sl TTDT
O @] Khién .
L t;‘ n — ldz lo2 ia2
- oc do - dg . o «
{99 af ig2 Ab c in2
.!.qJ N -
Uu2ref,
—* Bs didu Hezref Uolref > >
i oo | khién - ¥ dg a ){V wv2refl pw | Toverter
e dong 62 ap |ugdrer abe > > 3
4 1& > » Hw2re]
- p| dién2 Ugorar : .
Id2vef ~ =
é Khiu ‘em
- e hiéu ~ B6 quan sat
@, chinh e truot
daura | € Y

Hinh 3: Céc tric dé diéu khién dong co déng bd KTVC TTDT str dung b quan sat trugt va khau hi¢u chinh dau ra

Khi su dich chuyén qu truc b?lng khong hoac rat nho so véi
khe hé khong khi tai diém cén bang gy ta co:

F=4K,ii,
o (6)
T= ZKqu
Véi: Kep 1a 14 hé s6 luc hat doc truc; K7 1a 1a hé s6 momen

quay.

Céu tric didu khién khong dung cam bién do tdc do d& xuit
dugc trinh bay trén Hinh 3. Cau tric nay dya trén nguyén ly
diéu khién vector tya theo tir thong rotor, vi cic mach vong
diéu khién thuc hién trén hé truc dg, con tinh toan udc luong
quan sat trién khai trén hé toa do apf.

Téc do rotor dugc tinh boi by quan sat duge so sanh véi gia
tri toc do tham chiéu, sau do6 sai 1éch dugc dua vao bo diéu
chinh téc d%. Dong dién trén hai pha cua stator trén h¢ toa do
apf c6 duocbang viée do dong dién trén hai pha thuc. Sau d6
cac thanh ph?m dong dién trén hé toa dd dg dugc tinh dya vao
vi tri rotor Iy tir bd quan sat. Cac thanh phan truc g duoc diéu
khién boi cac gia tri tham chiéu 14y tir bd diéu khién tdc do,
con cac thanh phan truc d dwoc didu khién boi cac gia tri tham
chiéu lay tir bo diéu khién vi tri doc truc. Pau ra cua bo diéu

khién dong dién dung dé tinh cac gia tri dién ap tham chiéu.
Ta can sir dung khéu chuyén hé toa do quay sang h¢ tham
chiéu c¢b dinh ba pha stator. Dong dién cap truc tlep cho cac
pha stator cua dong co dugc cap tur cac bd diéu ché do rong
xung PWM. Trong do, bd diéu khién téc do va bo diéu khién
vi trf sir dung thuét toan diéu khién mat truot dong, dugc trinh
bay ¢ cong trinh [16].

3. Thiét ké by quan sat trwegt két hop khéu hiéu
chinh dau ra

3.1. Thiét ké bd quan sat truot

B quan sat trugt dé xuét tinh toan trén hé toa do af c6 nhi¢m
vu udc lugng dong dién stator dé so sanh voi dong dién stator
do dugc, tir 46 udc lugng gia tri stc dién dong trén stator dé
xac dinh vi tri goc rotor 4, va toc do dong co rotor w.. Sai 1éch
gitta dong dién udc lugng va dong dién do thuc dugc dua vao
mot ham khoéa sigmoid. Ham sigmoid sau d6 dugc nhan véi
hé $6 quan sat truot, tich $6 nay dugc st dung dé hiéu chinh
mo hinh todn hoc dong co. Qua trinh nay dugc lap lai lién tuc
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& mdi chu ky quan sat cho t6i khi sai 1&ch giita dong dién uéc
lwong va dong dién do thuc bang khong.
Vi tri doc truc ¢ sai Iéch z so v&i vi tri can béng, néu xét dién
cam pha cho mdt phia stator trén hé toa dd af, vi du véi stator
bén trén, ta co:
LS = 3L—50 + le
2(gy—2)

Tuyén tinh hoa quanh diém can bang (z = 0) va thyc hién khai
trién Maclaurin roi léy cac gia tri dAu, ta duoc:
L = 3Ly +L,+ 3L5§

2g, 2g,
Tir phuong trinh (8) ta thiy rang trong qua trinh lam viéc, Ly
phu thudc vao gia tri 6 1éch doc truc z.
Nhur vay, khi xét dén thanh phan bét dinh 1a thong sb dién cam
stator dong co, ta c6 thé viét lai phuong trinh (3) va (4) trén
hé toa d6 tinh af nhu sau:

O]

z=I +1L, (8)

di R, 1 1
&:__Siva-’__ura__(eva-’_[a)
dt L, L~ L,
di, R 1 1

sp 5

=——i,+—u,,-—(ezH,)
T e
s s s (9)

P _ e

dt e“sp
de

sﬂ:_weesa

dt

Trong d6 4, Ag 12 sai léch sinh ra béi sy bién thién cua thong
s6 bat dinh cua dong co, va cac nhiéu tap khac.

Tu day, thuat toan bo quan sat truot dé xuit duge xac dinh
nhu sau:

di, R . 1 1,
— =TTl +_usa __5(1
dt L L L
di, R 1
sp_ 5
dr __L_Slsﬂ + ] usﬂ - §ﬂ (10)
8, =k (i)
5ﬁ = ktf(;ﬁ)

Trong d6: ki hiéu ~ chi cac gia tri wéc lugng cia bd quan sat,
k, 1a hé sb truot cua bd quan sat trugt.

Do hién twong chattering luén xuat hién khi quan sat diéu
khién truot, bai bao d& xuét st dung ham logic chuyén mach
1a ham sigmoid, dugc biét dén c6 kha nang va hiéu qua trong
viéc giam hién twong tiéu cuc trén. Ta c6 hé sb trong duong
cua ham sigmoid:

f(@0) = sigmoid(i) = k, =

—i

l—e

o 11
il+e™)

Véi i 1a sai I&ch cua dong dién udc lugng va dong dién thuc
té:

(12)

A

—_—

¢ % +
e 1 - sL, +R, : 3
o
+
ﬂi

o

56
—_—

s

sL. +R,

4

Hinh 4: M6 hinh phi tuyén twong dwong véi ciu tric bo quan sat truot

Tir cong thire (8) cau tric b quan sat truot duoc dé xuat ngoai
viéc str dung tin hi€u vao la cac gia tri dong dién do dugc tir
stator va dién ap tham chiéu, con sir dung tin hi¢u d¢ léch z tir
thiét bi cam bién vi tri doc truc. Vi thé ta viét lai hé phuong
trinh (9) nhu sau:

di, R. 1 « 1 ;
_:__lsa+_usa__5a
dt L, L, L.
di R 1« 15
sp s -
— =S+ —u,,-—0
da LY L% L’
Lo (13)
5‘a:kt~—;
i(l+e™)
n _ _Zvﬁ
5ﬁ:kt~l+
i(l+e**)

Trong d6 dién ap dau vao chtra thong sb vi tri doc truc z qua
cac phuong trinh sau:

*

Uy = Ugg - Lvlsa

. . (14)

Ugp =Ugp - Lvisﬂ
Thuec hién 14y phwong trinh (10) trir phuong trinh (9) ta dwoc
dac tinh dong hoc dong dién udc lugng nhu sau:

N — _Rsisa + € +[a _505

i
sa LS

. . (15)
i :—Rslsﬂ—i-esﬁ ;=0
sp L

s

Chon mat truot 1a cling chinh 1a sai sb cua dong dién:

S = |:Ssai| _ isa
SS/" isﬂ

Céc gia tri udc lugng 5'(1 va 5 duoc dua qua mot khau loc

(16)

thong thap dé loc cac thanh phan song hai tan sé cao, ciing
nhu céc thanh phan thong so bat dinh cua dong co, tur do thu
dugc gia tri strc dién dong cam ng udc lugng é , va é, 'L

(4] ~
S
5(1

A

sa

Tt @,
(17)

a)f A

S

sp

Q>

s+a)f

V6i wr1a hé s6 ciia bd loc thong thap. B quan sat truot nhin
tir cu trac Hinh 4 gidng nhu mot bo loc thong thip, didu do
lam anh hudng tdi do tré pha cta gia tri wéc luong vi tri goc
so voi gié tri thuc. Ngoai ra, nhiu va thanh phém song hai tdn
tai trong ban than tin hi¢u quan sat cling gay ra sai 1éch cho
gi4 tri dugc quan sat. Vi thé, dé gia ting sy chinh x4c va toc
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d6 hoi tu cho tién trinh quan sat, mot khau hiéu chinh dau ra
duoc st dung.
Gia tri toc d0 dugc xac dinh nhu sau:

’AZ A2
€ + exﬂ

o, = 18
‘ ﬂ’m ( )
Hodc theo cong thirc:
. db
@, =— 19
¢ dt (15

Chu y rang, cong thirc (18) ¢6 thé xac dinh chinh xac toc do
udc lugng nhung gid tri nay phy thude va tir thong moc vong
Jm, VON 14 gid tri cO thé thay d6i khi hé théng 1am viée (yéu to
bi anh hudng boi sy bién thién ctia nhiét d6). Con néu st dung
cong thirc (19) thi quan sat t6t cho dai toc do trung binh tro
1én. Han ché & day 1a kho ng dung trong qua trinh qua do va
chiu anh hudng cua cac nhleu do qua trinh diéu khién gy ra.
Pay ciing chinh 13 1y do can thiét stir dung khau hiéu chinh dau
ra. Do khau hiéu chinh dau ra thong thuong van ton tai sai
1éch trong qua trinh qua dg va ché d6 xac lap [17], [18] nén
trong bai bdo nay d8é xudt sr dung mot khau hiéu chinh dau ra
béang cach thém mot tin hiéu dudng dan chuyén tiép trong ciu
tric [19], nhu Hinh 5.

Al a2 -
e, +ép

sin (5; )

Hinh 5: C4u trac cua khau hiéu chinh dau ra cai tién duoc ung dung
3.2. Chirng minh sy 6n dinh va hdi tu ctia hé quan sat

pé phan tich tinh 6n dinh cua bd quan sat trugt dé xuit, ta
chon ham Lyapunov sau:

V—ES S——(s +S;ﬁ)>0 (20)
Pao ham theo thoi gian ham V ta co:
V—~—@pr+—{%wm{»—&@ﬂ@ﬂ
é 3 (21)

1 r= g g
+ L ) —kipf Q) [=Vi+ Vo4V,
0 phuong trinh trén, ta thdy ¥V, < 0, do d6 dé bo quan st 1am
viéc On dinh thi:
V<0Oconghiala V> <0vaVs;<0.
Suy ra hé s0 quan sat k; phai dugc chon thdéa man:

k; > max(| ey, |+l e [+ gD (22)

Khi d6 hé théng s& tién dén mat trugt S=S5=0.
Tt so do cau trac Hinh 5, ta cé thé viét ham truyén h¢ hd cua
mot khau hi€u chinh dau ra nhu sau:

G, (s)= 6.(s) = (kp * o) -Z(ki * kﬁwv)s + kia)" (23)
92 (s) s°(s+ a)v)

Trong d6 . 13 tan s6 cét cua bo loc thong thap trong tin hiéu
duong dan chuyén ti€p, dung dé loc thanh phan séng hai tan

s6 cao va nhiéu. Tur day ta co ham truyén vong kin ciia mét
khau hiéu chinh dau ra:

) k +w)s*+(k +k o)s+ko,
le(s)ze‘/(S): ( §4 L) ( i P c) i c

0,(s)
bé phan tich qua trinh ¢ trang thai ‘(A)n dinh cua mot khau hiéu
chinh dau ra, ta xac dinh ham truyén sai 1¢ch nhu sau:

AE(s s
Glss (S) = ( ) = 2
0,(s) (st+a)(s" +k,s+k)
Khai trién cong thire Taylor cho phuong trinh (25) véi diém
cuc mong muon cua s quanh gia tri khong, ta thu dwoc:

G ()=C,+Cs+Cys> +Cys’ +Cys* +o(s*)  (26)
Trong d6 Cp =0, C; =0, C; =0, C3—1/(k, o) va Cy = -
kp/(wck?) va o(s?) 1a sO thap phan rat nho bac s*.

Xét vi tri goc dau vao clia khau hiéu chinh dau ra c6 dang:

3 5 (24)
s*+(k, +@,)s” +(k, +k,0.)s + ko,

(25)

6,(1)= 5 Aa)et 27
Khi d6 ta c6 cac dao ham cia no:
0, (H)=Awpt
0, () =Aaw, (28)
0, (=0

Vi vay sai léch vi tri gbc ctia khau hi¢u chinh du ra cai tién:
e (1) =C,0,(t)+ C,0.(t) + C,0.(t) + C,C,0. (t) +... (29)
=0

Nhu vay phuong trinh (29) cho thdy rang c6 xéac dinh vi tri

gbc rotor vai sai 1éch tinh bang khong.

4. Mo phéng va két qua

Hé théng diéu khién v&i bo quan sat trugt udc lugng vi tri goc
rotor két hop mét khau hiéu chinh dAu ra cai tién duge trinh
bay trong Hinh 3. Chét luong b quan sat va hé thong diéu
khién dugc chimg minh théng qua cac két qua mé phong trén
phan mém Matlab- Simulink. Trong d6 dong co dong bod
KTVC TTDT rotor cuc khong 16i dugc xét dén véi cac thong
s6 co ban nhu sau: dién tro pha stator 1a 2,6 Q; khe ho khong
khi giita stator va rotor Ia 1,5 mm; khi lugng rotor 13 0,28 kg;
gia tri dién cam Ly’ 1a 11x10° mH; dién cam ro Ly 1a 5x1073
H; momen quén tinh 13 0,000106 kg.m?2, sé d6i cuc P bang 1;
bién d6 tir thong moéc vong sinh bdi nam cham vinh ctru 4, 1a
0,022 Wh.

Tai diém 1am viéc véi tée do thép hodc gén dung, gia tri suc
dién dong cam tmg qua nho trong khi con ton tai cac thanh
phén nhidu va song hai hé théng, bo quan sat khong thé tinh
toan vi tri goc cho trudng hop nay. Pay ciing 14 han ché cua
bd quan sat trugt duge dé xuat trong ving toc d thap va gan
dimg. Vi thé, qua trinh khoi dong s& thyc hién véi mot phuong
phap khai dong cu thé. Sau d6 khi tc do dong co dat dén mot
gia tri du 16n ma ¢ do b quan sat trugt dam bao quan sat dugc
thanh phan sirc dién dong cam tmg, thi tai thoi diém do, bo
quan sat sé& thay thé thiét bi do encoder.

Tai tbe d6 bang khong, bo diéu khién vi tri doc truc diéu khién
rotor & chinh giira hai stator va duy tri 6n dinh 1an can diém
can biang d6. Ta ¢ @6 thi dap Gmg nhu trén Hinh 6 véi sai 1éch
vi tri ban dau 1a 0,4 mm.
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04 : — Gid tri z dat]| Hinh 8: Dap ung udc lugng dong dién trén truc o va dong dién trén truc S
:: »r==Dép ung z 6 |===c alpha
e 0.2 ) gl alpha uéc lugng
g 1 —
N0 2 ?
H =)
02 LE =
o2
0 0.05 0.1 0.15 0.2 -4
Thoi gian (s)
6 I I ]
Hinh 6: Dép tmg vi tri khi tdc d6 bing khéng 15 ) 25 3
; Thoi gian (s
250 —Tée do dat gan()
i) K % |[= Toc dd udc luong 6 |[==c beta . -
= ! \ee==THc 4 dép ing s=s=ig beta wde lugng
= / \ ar
= ] \
g ] \ 22
Z ! : =
= / \ Y
A(B 150 * [ e
[ © -2
| | | | 4
1.8 2 22 2.4 2.6 2.8 3
Thai gian (s) e | } J
1.5 2 25 3

Hinh 7: Bép tmg udc luong tbe d6 khi thay ddi gia tri dat tir 150 rad/s 1én
250 rad/s va nguoc lai

Tai céc thoi diém 2s va 2,5s ta tién hanh tang gia tri dit cho
tbc do 1én 250 rad/s va giam diém dat xudng 150 rad/s. Dap
ung tde d6 ude luong va tdc do tinh toan dugc biéu dién trén
dd thi Hinh 7. Gia tri tbc d6 wéc lugng bam theo gia tri tbe do
thuc trong ca truong hop tang gid tri dat cling nhu khi giam
gia tri dat. Ngay ca trong qua trinh qua do, dap ing udc luong
cling bam sét gia tri toc d6 thuc. Diéu nay cho thiy bd quan
sat truot va vong khoa pha cai tién da khir dugc sai léch gdy
boi thong sb bat dinh dién cam pha cua dong co va cac nhleu
qua trinh. So v&i bo quan sat High-gain thi sai 1éch tinh da gan
nhu bi triét tiéu.

D4 thi Hinh 8 cho thiy cac dap tung khi udc lugng cac thanh
phan dong dién iy, va isp. Ca hai gia tri uc luong iy, va iy déu
¢6 dang hinh sin déu va hoan toan bam theo sirc dién dong
tinh toan.

5t f—i alpha
+===i alpha udc lugng
=2
&0
o
5 i
1.5 2 25 3
Thai gian (s)
5 [ [ [ =i beta
=== beta wde lugng
<
S0
5]
£
5 i
1.5 2 25 3

Thaoi gian (s)

Thoi gian (s)

Hinh 9: Dap tng udc lugng strc dién dong cam ng ey, va ey

===goc theta
==sng6c theta wéc lugng

(=}
=

goc theta (rad)
(S ] -

=]

2 2.1 22 23 24 25
Time (seconds)

o

'
[\S]

'
IS

Sai I¢ch goc theta (rad)
&

1.9 2 2.1 22 2.3 2.4 2.5 2.6
Thoi gian (s)

Hinh 10: Dap tng udc luwong vi tri goc rotor va sai 1éch vi tri goc

x107
15 —Gia tri z dat| |
====Pip ing z

~10
g
é 5
N 0 ™ xS

-5

2 2.2 2.4 2.6

Thoi gian (s)
Hinh 11: Pap vi tri khi thay ddi gié trj dit toc do
Hinh 9 cho thiy cac dap ung udc luong stc dién dong cam
ung ésa va é, 5 déu hoi tu gia tri that ngay ca trong cac giai
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doan qua d¢ khi tang gia tri dét ciing nhu khi giam gia tri dat
cua téc do. Cac dap ing déu co dang hinh sin, phu hop véi gia
thiét ctia bai toan dong co dong bd.

Dap tng trén Hinh 10 cho thiy b quan sat trugt két hop mot
khau hiéu chinh dAu ra cai tién khong nhiing wdc lugng vi tri
gbc rotor theo quy dao gia tri thyc, ma con giam dugc sai 1éch
tinh vé x4p xi khong.

He¢ thong diéu khién dam bao diéu khién tach kénh giira vong
diéu khién vi tri va diéu khién toc do, dap tng vi tri trén Hinh
11, xay ra dao dong nho tai cac thoi diém 2s va 2,5s khi gia
trj dat tbc do thay d6i, nhung dao dong chi xay ra trong khoang
0,02s r6i vi tri lai can béng tai khong.

5. Kétluan

Bai béo trinh thiét ké mot bo quan sat trang thai trugt thay thé
cho thiét bi do tdc do, thuc hién ude luong thong tin vi tri goc
rotor va tir do6 trich xuét gia tri tbc d6 quay cua dong co. BO
quan sat str dung gia tri dong dién trén stator do duoc, gia tri
dién ap tham chiéu va vi tri doc truc z dé thyc hién tinh todn
quan. Gia tri vi tri goc udc luong sau d6 duge dua vao ciu
trac diéu khién dé thuc hién tinh toan chuyén doi cac hé toa
do6 trong céu triic didu khién vector, dong thoi gia tri toc do
quan sat dugc phan hdi vé tham gia vao bo didu khién toc do.
Két qua mo phong cho thdy kha ning quan sat tot & dai toc do
trung binh va cao ctia bg quan sat. Bén canh do, qua trinh tinh
toan udc lugng dugc hd tro béi mot khau higu chinh dau ra
ci tién, nham ting sy chinh xac gbc pha cua goc rotor ciing
nhu giam sai l1€ch tinh udc lugng.

Qua trinh thiét ké cling tinh dén anh hudng cua vi tri doc truc
z tac dong dén tham s6 dong co 1a dién cam pha stator. Dép
{rmg cta hé quan sat dé xuét c6 dic tinh dong hoc 6n dinh ngay
ca trong qué trinh quéa d6 khi tang/ giam toc do voi sai 1éch
tinh gan nhu da bi loai bo.
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