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Nowadays, three-phase permanent magnet synchronous motors
(PMSM) are widely used in industry or robotics. There are a lot of
methods to control permanent magnet synchronous motors such as
using PID, inventers... Sliding mode control method (SMC) is one of
the motor control methods. This is a control method with a variable
structure in terms of control structure and algorithms. It is stable and
responsive. To apply slip control to a synchronous motor, it is
necessary to first determine the algorithm model of the motor. We
apply the voltage source inverter method with a speed below the rated
speed to determine the current control loop circuit power, speed and
position. The position control method is applied to the permanent
magnet three-phase synchronous motor with the controller parameters
to be calculated and selected accordingly so that the motor's speed and
position are close to the preset speed and position.
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Ngay nay, dong co dong bo ba pha nam cham vinh ctu (PMSM)
dugc st dung nhiéu trong cdng nghiép hoic ché tao robot. Co rét
nhiéu phuong phap dé diéu khién dong co dong bd nam cham vinh
ctru nhu st dung PID, bién tan... Phuong phap diéu khién ché do
truot (SMC) 1a mét trong nhitng phuong phép diéu khlen dong co.
Day 1a phuong phép diéu khién co c4u truc bién doi vé Cau trac diéu
khién va thuat toan. N6 c6 tinh 6n dinh va dap ung yeu cau. bé ap
dung diéu khién truot cho dong co ddng b, trudce tién can xac dinh
dugc md hinh thuat toan cia dong co. Tiép theo, ta &p dung phwong
phép bién tan ngudn ap véi toe do dudi tée dd dinh mirc dé xac dinh
mach vong diéu khién dong dién, toc do va vi tri. Cudi ciing &p dung
phuong phap diéu khién vi tri cho dong co dong bd ba pha nam cham
vinh ctu véi cac théng sé cua bo diéu khién s& duoc tinh toan va lya
chon cho pha hop dé téc d6 va vi tri caa dong co duoc sat vai toe do
va vi tri da dat trude.
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1. Gié6i thigu

Ngay nay dong co dong bo nam chdm vinh ctru ngdy cang dugc Gng dung cao trong cong
nghiép va céc tng dung veé rdbdt boi vi nd c6 hiéu qua cao, quan tinh thip va mémen 16n [1]. Céc
g dung quan trong cua may dién dong bo trong cong nghiép nhu bu cong suat phan khang, tao
ra dién ning trong cac nha may dién [2], trong cac hé thong yéu cau toc do khong d6i nhu nha
méy cao su, nha may dét, nha may xi mang, may nén khi, may bom ly tam,...Vi vay, viéc diéu
khién dong co dong b nam cham vinh ciru 1a vo ciing quan trong [3].

Diéu khién dong co dong bo nam cham vinh ctru dudi ba vong diéu chinh: dong dién, toc do
va vi tri. C6 rat nhiu phuong phap diéu khién da duoc &p dung nhu sir dung PID dé diéu khién,
hozc diéu khién bang hé bién tan dong co. ..

Phuong phap diéu khién truot 12 phuong phap diéu khién c6 ciu tric bién thién, trong d6 cau
tric cua diéu khién duge thay doi véi muc dich dé 6n dinh héa diéu khién va cho dap ng bén
viing [4]. Ly thuyét diéu khién dung diéu khién trugt dé diéu khién trang thai he thong phi tuyén
trén bé mat xac dinh (bé mat nay dwoc goi 1a bé mit truot hay bé mat chuyén mach) trong khong
gian trang thai [5]. Ung dung phwong phap diéu khién truot trong diéu khién vi tri ciia dong co
ddng bd nam cham vinh ctru gitp dong co dat dwoc vi tri mong mudn trong thoi gian ngén nhat.

Dé &p dung diéu khién truot cho dong co ddng b ba pha nam cham vinh ctru bé mat thi can
xay dung md hinh toén hoc cho dong co [6]. Pua ra cac bo diéu khién dong, toc do va vi tri qua
cac khau tinh toan [7], 4p dung Matlab Simulink md phong hé théng va quan sat duong dic tinh,
ddng thoi diéu chinh céc théng sé cua bo didu khién sao cho cac duong dac tinh vé toe do va vi
tri cuia hé thong bam sét véi duong dic tinh dat trudc [8].

2. M6 hinh toan hoc ciia dong co ddng bd ba pha nam cham vinh ciru

Ngay nay su phat trién ciia nén cong nghiép manh mé nén céc loai dong co dong bo dugc ng
dung rat nhiéu. Cac loai dong co dugc sur dung coé nhiing loai c6 céng suat tur vai tram W dén
hang MW. Nguyén 1y diéu chinh toc d6 dong co dong bd xuat phat tir biéu thirc:

2r f 1)
— S

s pp

Vi fs 1a tan sb twong (g ciia ngudn, pp 1a s6 doi cuc twong tng cua dong co ddng bd.

2.1. So' do thay thé ciia déng co dong by ba pha nam chém vinh ciru

R: Lis Vm Lif Rs

stator ’}i rotor

a)
R v Ra =
RNV o——AAA— 110
[ T t T
1
‘[75 R L @ I'! Il‘: Vemalanlf
b)

Hinh 1. So do6 thay thé mét pha ciia déng co dong bé
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Dién &p stator Vs tao ra dong dién Is va tir hoa 16i sit. Tir thong ciia nam cham vinh ciru khi
quay s& sinh ra sirc dién dong trong day quéan stator V. Ta cd thé dung duoc so do thay thé cho
mot pha nhu hinh 1(a). Mach rotor c6 thé quy doi vé stator bang dong dién If c6 tan s6 we hinh
1(b), trong d6 n 1a ty s6 quy ddi giira gia tri hiéu dung cua ¢ va bién do cua dong mét chiéu l¢ [2].

Cong suat dong co nhan tir ludi 1a cdng suat dién tur:

P, =P, =3V, (I, C0s5—14sins) )
Céc thanh phan dong dién chiéu 1&n céc truc:
_V,cosé -V,
ds xds ;
_Vsino ®)
gs qu
Thé céc biéu thirc (2) vao (3) ta dugc cdng suat dién tir va momen dién tir:
'A% X s X s ) .
P, =3- fsin5+3\/fwsm26 4
de ds’*gs
3 X, —-X.) .
i} sm5+V2Msm 26 (5)
20)e ds 2de gs
3 L.—L
Py V. L sing + 2 Msin 26 (6)
za)e Lds ds —qs

Déi véi dong co dong bo ba pha nam cham vinh ctru bé mit c6 rotor dwgc ciu tao hinh tru
tron xoay véi khe ho khong khi déu nén Xgs=Xgs.
2.2. M6 hinh toan hec ciia dgpng co dong bé

Ap dung phép bién dbi tuyén tinh dé mo ta qua trinh dién tr cua dong co trén h¢ toa do d-q.
V6i dong co dong bo nam chdm vinh ctru €6 so d6i cyuc 1a mot, Las=Lgs=Ls. VI tir thong rotor yewm
dugc Kkich thich bang nam cham vinh ctru nén ta coi vi la hang so, ta viét ra dugc nhitng phuong
trinh sau day (thay vgs, Vds bang Ugs, Ugs va cac dién cam tan 1a Lo).

Phuong trinh dién ap:

dy
— H ds
ds — Rslds + O

dt
()
_Ri+We
uqs - slqs + dt + W 4
Phuong trinh tir thong:

l//ds = L I + I—midr +l//PM
(8)

l//qs s qs + I‘mlqr

Gia sir ta diéu chinh dwoc tron tan s6, c6 nghia 1a rotor ludn quay dong bo véi tan sé ludi.
Nhu vay dong dién ¢ rotor khdng xuat hién, phwong trinh (8) tr¢ thanh:

{l//ds = Lsids + l//PM

. 9
Wes = Lilgs ®

Phuong trinh momen:
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3 .
= 5 ppl//PMlqs (10)

Tir (7) va (8), ta c6 so dd cau trac dong co ddng bd ba pha nam cham vinh ciru bé mit trong
hé toa d6 d, g hinh 2.

Hinh 2. So d6 cdu tric ciia PMSM trong hé toa dé d, q

3. Piéu khién ddng co ddng bd nam cham vinh ciru bé mit dung bién tin ngudn &p véi toc
d9 dwdi toc do dinh mic

3.1. Mach vong diéu chinh dong dién ciia SPMSM

Trong hé théng truyen dong dién thi mach vong dong dién la mach vong co ban ¢ chue nang
xac dinh momen X04n cua dong co, diéu chinh gia tdc [3]...Vi md hinh déng co c6 xen kénh nén
can tach kénh nhu so d6 diéu khién dong dién c6 tach kénh. Ta c6 2 vong diéu khién lgs Va lgs
riéng ré va doc lap khong anh huong Idn nhau trong qua trinh diéu khién. Khi do6 ta ¢6 2 cau tric
mach vong dong riéng diéu khién lgs Va lgs nhu hinh 3. Trong d6, sensor do dong dién c6 ham
truyén la mot khau vai hé sb truyén K; va Ti 1a hang sb vé thoi gian.

A

I, % i
l+TmS 1+Ts
L i
Km' Rs “
1+T s 1+Ts
K
1+7Ts

Hinh 3. So do6 cdu tric mach vong dong dién sau khi tach kénh
_ Doi véi dong co trong cong nghiép, hang s6 thoi gian dién tir Ts thuong I6n hon nhiéu lan
hang so thoi gian dién tir Ty va Ti. Ta dua doi twong diéu khién dong dién xuong bac hai nhu sau:

KMK/ (11)

S, (
+(5) (1+Ts)(1+T,s) .. T, =T
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Theo phuong phap chuan ti uu ta xac dinh dugc:

R($)S.(8) _ oy 1
1+R(s)So (s) =Fa (S) - 1+27_+272s (12)
1
R(s)=
- (S) S()(S)2TGS(1+TGS) (13)

Dit 1, = T, thay (11) vao (14), ta tinh duoc bo didu khién dong dién theo chuan t6i uu
modun:

nl= > it si

R (5)=R.(s) = T RT, [, 1
u(8)=R, Kn,K/ o KK Ts (14)

3.2. Tong hgp mach vong diéu chinh téc dé

Trong ky thuat thuong gap cac hé théng diéu chinh téc do. O day ta st dung chuan téi wu ddi
xtmg d¢ tong hop mach vong diéu chinh tdc do. Xét khi M la hang s6 hay Mc=0, hang s6 thoi
gian quan tinh cia mach vong diéu chinh dong dién 2Ts hay hang s6 thoi gian dién tir T, déu
nho hon nhiéu lan hang s6 thoi gian co hoc J nén ta c6 ham truyén cia ddi tuong diéu chinh téc
do la:

5 (5) = LeuKa ]

(15)
’ - | 2K,  Js(1+T,s) i Tﬂ‘uzzj;iJrT’w
Ap dung chuan t6i vu doi xing ta xac dinh dugc bo dicu chinh toc do:
R(s)S, (s 1+4r
() () :Eh(s): ) 3 3 (16)
1+R(s)S,(s) 1+47, +47.5" + 875
1+4r7
=>R(s)= <
(+) S, (s)872s% (1+7,5) (7
bat t, = Ty, ta co:
K.J 1
R,(s)= (1 + ] (18)
3ppl//PM 2 sa) 4Tm}S
w | 1 , W
| et R,(s) S.()
KM
1+T,
Hinh 4. So d6 giam do quda diéu chinh mach vong diéu chinh téc dg
Hinh 4 1a so dd mach vong diéu chinh tdc d cho dong co ap dung bién tn ngudn ap.
Ham truyén tuong (ng s€ tré thanh:
W(s) 1 1
© K 1+4T s +8T25> +8T° (19)
uw (s) w N N N

3.3. Xay dwng mach vong Vi tri cho dpng co PMSM

Hinh 5 1a so @ cau trdc mach vong vi tri cho dong co dong bo tuong tng khi hang sé thoi
gian la rat nho.
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1 1 1
w R | o @ | 1 [
e | K_1+4T s g
K, )
1+T s

Hinh 5. So d6 cdu tric mach vong diéu chinh vj tri

W (s) 1 1
— (20)
uw(s) K, 1+4T s
Bo diéu chinh vi tri theo chuén t6i vu médun:
R (5)=—™"—
(4 ( ) 2K(p7;¢ (21)

4. Ap dung SMC cho dgng co dong b ba pha nam chiam vinh ciru bé mat

Ap dung phuong phap SMC cho dong co cam ing bang cach diéu khién vector va thiét ké cac tiéu
chi cho céc bién so6 diéu khién [4]. Tinh todn va lua chon cac thong s6 cho bo diéu khién sao cho
khdng anh huong toi cac théng s6 khéc cua hé thdng nhu hang s6 Ky, J, hé sb ma sét tat dan B va
moémen cua tai T.. Hinh 6 thé hién phuong phép diéu khién vector cho dong co bang SMC.

T

M6 hinh déng co

o

SMC

Hinh 6. Phwong phdp diéu khién vector dong co cam 1ing bang SMC
Phuong phéap diéu khién SMC maét cach chi tiét ¢ hinh 7 thé hién dap ung diéu khién bam quy
dao dit theo cac dudng ting toc, tbe do hang va giam tdc. Biéu khién theo phuong phap SMC
ching ta can 3 vong diéu khién.

Sliding mede controller

H
2 ;
— H
<ol A Sgnjay| |
i ; o
tox zc-ri | N

- ,H)x,: N MALSI LI

TF lax, <ol E | E
o, i Vg

loX =0 i d L

e
—,

]
ool | 5
! A

Tt / o
‘ 1 Wm ¢

Hinh 7. M6 hinh diéu khién SMC ciia dong co dong bg ba pha nam chdm vinh ciru bé mat
Qua lya chon va tinh toan ta xac dinh dwoc thdng sé cua bo diéu khién SMC
Phan téng toc: ) )
\ong lap dau tién ta chon céc thdng so: \ong lap thir hai ta chon céc thong so:
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{al = 0
=0
Phan toc d6 hang:
Vong lip dau tién ta chon céac thong sé:
azXl = 102
{32X1 =98
Phan giam téc:
Vong lip dau tién ta chon céac thong sé:
oy X, = 10.01 véi X, > 0
{ale = 9.99 voi X1 <0
Ble = 9.99 Ué‘l X1 > 0
{ﬁle =10.01 v6i X, < 0
M6 phéng trén MATLAB — SIMULINK

{Xz)/l = 166

Xzﬁl = 96

{V2=0
/12=0

A3 = 0.019

Vong lip thir hai ta chon cac thdng sb:

Vong lip thir hai ta chon cac thdng sb:
{y3 =0.021

Dién ap nguén mot chiéu 330 [V] S6 cuc 6
Cong suat dau ra dinh muc 40 [KW] Tur théng nam cham 0,07 [Wh]
Momen dinh mirc 134 [Nm] bién cam doc truc d 875 [uH]
Téc d6 dinh mic 2600 [rpm] bién cam doc truc q 875 [uH]
Dong pha dinh muc 216 [A] bién tro stator 29,5

[mQ]

Momen quan tinh

0,018 [kgm?]

S
!
Scopes
1
Scope
usy Usq Usg Isq
Fch Lo Nguo
Mc Thetaf—
m— Mo hinh SPMSM trong he iga do
e
Derivative
cotof 1 | i
1
Scopet

Hinh 8. Biéu khién v tri dong co dong bé nam chdam vinh citu sir dung SMC mo phong trén MATLAB — SIMULINK
Sir dung Matlab Simulink dwa ra mé hinh cta hé thdng c6 bo diéu khién truot & hinh 8.

Dap ung mach vong vi tri
T T T

70

EU-_________/—_
50 /

I
o
Toc do (rad/s)

= m
£ ———Vitridat
= Wi tri he thang
> 30r / B
)
50
20 s ‘F
/"l R
0 W
wor / v
‘!
/’ 50 1 1 i I L I 1 1
i} L ! L | 1 ! L 1 L 0.1 02 03 0.4 05 07 08 08 1
1) 0.1 02 03 0.4 05 0.6 07 08 09 1 Thoi gian (s)

Thaoi gian (s)

Dap ung mach vong toc do
T T T

300

250-(
i
{

200

=} o

=) =]
—==————T

PR

T T T
———Toc do dat
Toc do he thong
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Hinh 9. Pdp ing vi tri cua hé thong Hinh 10. Pdp ing toc dé cua hé thong

Hinh 9 ta thay dap ung vi tri cia hé thdng tir 0,25s da bam sat voi Vi tri ddt ban dau. Vay la
sau théi gian rat ngan ’thi he thong da dat dugc vi tri mong muon. Hinh 10 la dép tng toc d cua
hé thong. Ta cd thé thay toc d6 cua hé thong bam khé sat toc d6 dat.

Dap ung dong dien cua he thong
GO0 T T T

500 - b

400 H 7

]

zcur

Dang dien (&)

A
\J,J

Vs ]

mwwmw A AP AA At
s

0 1 L L I I I L L I
] 01 0z 0.3 0.4 0.5 06 0.7 0.8 0.9 ]

Thai gian ()
Hinh 11. Pdp img dong dién cua hé thong SMC

V6i hinh 11 dap tmg dong dién cia hé théng SMC vuot 1én 500A trong thoi gian tir 0-0,08s
va dat 6n dinh tai thoi diém 0,4s vai dong 300A. Tuy nhién, dap ung vé dong dién c6 hién tuong
rung “chattering” dic trung cta diéu khién SMC.

Nhdn xét:

Qua dap tng nhan duoc ta thy rang khi dong co dugc tng dung bo diéu khién trugt dam bao
d6 bam gitra cac thong s6 tdc do va vi tri bam sat voi duong dic tinh dat ra. Tuy nhién, dic trung
cua diéu khién truot 12 hién twong rung van thay rd rét & dap ung dong dién cua hé thong.

5. Két luan

Ta thiy viéc ung dung bd diéu khién truot cho hé théng l1am cho hé thong nhanh chong dat
dugc vi tri mong mudn véi tée do 6n dinh. Viéc sir dung SMC cho dong co dong bo ba pha nam
cham vinh ciru 12 phuong phap diéu khién kha 6n dinh. Tuy nhién, viéc lya chon céc thdng sb
cho bo diéu khién 1a kha kho khan.
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