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TONG HQP BQ PIEU KHIEN VI TRi CHO HE THONG
TRUYEN PONG BAM PIEN CO SU DUNG PONG CO PMSM

Phing Manh Hing' "~ Trin Ptc Chuyén®’, Pao Hoa Viét'

Tém tit: Bai bdo ndy trinh bay mét phwong phdp tong hop hé thong bam diéu
khién vi tri sir dung déng co PMSM ding trong cong nghiép va quan sw cé tinh dén
tinh phi tuyén va sw thay doi théng sé ciia mé hinh. Hé thong gom vong diéu chinh
Vi tri va vong diéu chinh téc do. T rong do, vong diéu chinh téc do sir dung ludt thich
nghi dé bii cac ham bdt dinh va xdy dung bé quan sat trieot dé wée livong mé men
tdi, ma sat va nhiéu. Bo diéu khién dwoc d@é xudt nham ndang cao chat luwong hé
théng, khi tinh dén cdc thanh phan phi tuyén bdt dinh cho hé théng truyén déng
nhiwe: mé men qudn tinh, mémen ma sat, dan hoi. Cdc két qua mé phong va thic
nghiém da kiém chitng tinh ding din cia thudt todn xdy dung b diéu khién. Cdc
két qua nghién ciru nay sé la co sé cho viéc thiét ldp cdc thudt toan diéu khién, thiét
ké hé thong truyén dong bam trong cong nghiép va qudn su.

Tir khoa: Diéu khién dong PMSM; Hé théng truyén dong bam; Diéu khién c6 cu truc bién dbi.
1. DAT VAN DE

Cac h¢ thong truyén dong bam (HTB) dién co ding trong nhimg hé thong
truyén dong ngam quan sy doi hoi c6 do chinh xéac va chat lugng dong hoc cao.
Trude day, cac hé thong truyen dong bam thuong str dung dong co dién chap hanh
mot chleu bong co mot chiéu c6 dic tinh diéu khién tot nhung ¢ nhuoc diém 1a
ludn ton tai co gop va choi than vo1 do bén dién va do bén co thap hay phai bao
dudng nén trong nhitng nim gan diy nd dan bj thay thé bai dong co xoay chiéu,
dic biét 1a dong co PMSM (Pong co dong bd kich tir nam cham vinh ciru (loai co
L4 # L), [6]. Khi HTB v6i dong co PMSM m6 hinh cua 6101 tugng diéu khién 1a
mo hinh phi tuyén 13 rét, co thong sO bién thién. Bai toan téng hop bo dleu khién
(BDK) céan co cach tiép can moéi khac v6i mo hinh tuyen tinh, thi viéc tong hop
diéu khién s& dugc don gian hon. Sau day, ta xét h¢ thong nhu sau:
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Hinh 1. So do6 hé thong truyén déng bam vi tri.

Trong ndi dung cua bai bao nay trinh bay viéc tong hop HTB diéu khién vi tri
theo nguyén li tong hop hé théng véi cac vong 1¢ thudc. Hé théng gdm 2 vong diéu
khién vi tri va toc d6. Vong tdc do dwa theo ki thuét backstepping truot thich nghi
dé dam bao tdc do cua dong co luén bam sat tbc d6 dat khi co tinh dén cac yéu tb
phi tuyén bét dinh cia mé hinh nhu su thay d6i cac thong s6 dong co, sy bién doi
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clia momen ma sat, cling nhu khi cac gia tri dat va nhiéu phu tai thay déi. Vong vi
tri dya trén ki thuat tong hop cac hé di¢u khién tuyén tinh c6 két hgp nhan dang mo
hinh d6i tuong. Ta c¢6 so d6 khoéi cau traic HTB vi tri nhu hinh 1.

2. MO HINH POI TUQNG CUA HE THONG TRUYEN PONG BAM DUNG
PONG CO PMSM

Doi tugng dieu khién cua hé truyén dong bam dién co gom dong co, bd truyén

dong va may cong tac. So dd khéi phan co ctia hé thng truyén dong duoc biéu
bién nhu hinh 2.
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B truyén chuyén déng
Hinh 2. So dé phan co HTB phi tuyén cho phdo tau Hai qudn.

Mot cach téng quat phan co cia HTB gdém nhiéu khdi c6 lién két dan hoi véi
nhau sau d6 quy doi vé truc dong co, thong thuong hay sit dung mé hinh hai vat,
[2, 10].

do
J—=M,-B o-M, (1)
dt

O day, J 1a tong mdé men quéan tinh cta dong co va cac phan khac quy doi vé
truc dong co, Mg 1a moé men dong co, By, 1a hé sb ma sat ctia thanh phan ma sat phu
thudc toc do, M, la téng cac dang mo men can tac dong lén tryc dong co va md
men can quy d6i vé tryc dong co. My 1a mot ham phi tuyén phirc tap phu thudc vao
toc do dong co, ma sat, dd dan hoi ciia cac truc truyén dong, ...

Mo hlnh toan hoc cua dong co dong bd 3 pha PMSM trong h¢ truc toa do d-q
duoc vieét nhu sau, [2, 6]:

V,=RJ], +deI -PoL,I,
t
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Mo hinh hé truyén dong bam la su két hop cua mod hinh dong hoc h¢ truyén
dong co khi va dong co chap hanh, khi xét HTB cén phai ké to1 yéu t6 phi tuyén va
thong so bién thién do phan co cua hé thong gay ra[1, 2, 3, 9, 10].
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3. TONG HQP BQ PIEU KHIEN
3.1. B diéu khién téc dd backstepping trwet thich nghi
Khi tong hop vong diéu khién toc do v6i dbi twong diéu khién phi tuyén, thi hé
phuong trinh ctia doi tuong diéu khién ton tai dudi dang phuong trinh trang thai;
chira cac ma trdn c6 cac phan tu phi tuyén, [2, 3, 4]. Vi vay viéc s dung cac BBK
tuyen tinh truyén thong nhu PID chwa khic phuc duge anh huong cia cac yéu td phi
tuyen va thong s6 blen thién dén chit lugng lam viéc cua hé thdng, [2, 8, 9, 10].
Bang phuong phap tong hop BDK backstepping truot thich nghi cac anh huong
khong t6t cia ma sat, dan hoi, dén chat luong cta h¢ truyén dong da dugc giai quyet

[5, 6]. Trong tai liéu [3] dé trinh bay rat ki vé phuong phap tong hop BPK diéu
khién backstepplng truot thich nghi cho vong diéu khién toc d6 cho dong co PMSM.

Bai toan tong hop bd diéu khién cho vong diéu khién tdc do chinh 1a bai toan
x4c dinh luat diéu khién cho V4,Vq bao dam cho HTB lam viéc on dlnh va sai sb
bam nhanh chong giam vé khong. Khi xdy dyng vong diéu khién tdc do, ta dinh
nghia sai s6 bam nhu sau:

e=w,-0 3)
e =iy~ 4)
Trong d6, wy va iq twong ng 1a gia tri dat cua toc do rotor va dong dién truc d.

Do dong co PMSM c6 dang cuc an, kich tir nam cham vinh ctru c6 t6n tai momen
phan khang. Dong dién truc d duogc dat khac khong, duoc viét nhu sau, [2,3,7]

-2, A P
2L, -L) 4L -L) (5)

Ly =

trong do, 4 la tir thong moéc vong danh dinh, Ly, va Ly, lﬁn Iwot 1a dién cam truc d
va dién cam truc q danh dinh.

BDK tdc do Backstepping truot thich nghi di dugc mé ta trong nhu & [3].
3.2. Tong hop vong vi tri sit dung dong co PMSM trén co sé BPK toc do
backstepping truwgt thich nghi

Khi giai bai toan tong hop vong vi tri trong khuon khé mach vong toc do sir
dung phuong phap backstepping trugt thich nghi ¢ [3], c6 tinh dén bo quan sat phu
tai thi bai toan diéu khién s& don gian hon.
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Hinh 3. So' dé khoi bg diéu khién vi tri HTB dién co lam viéc & ché dé cham
s dung déng co PMSM.

Khi tong hop BBK vi tri, ta gia thiét rang BDK toc do da tong hop ¢ [3] 1a da
tot. Vong diéu khién vi tri c6 d6i twong diéu khién chinh 1a vong toc d6. Qua khao
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sat thuc nghi€ém va mo phong ta théy} vong toc do co dic tinh dong hoc tuong
duong voi khau bac hai. Vi vay, khi tong hop BDK vi tri ta tién hanh nhén dang
cac thong s6 cua m6 hinh va coi vong téc do twong duong voi mét khau béc hai,
nhi¢m vu chinh luc nay la tong hop BPK vi tri theo cac phuong phap kinh dién.

Thyc hién tong hop BDK vi tri trén co s& cho rang vong toc do da dugc tong
hop ¢ [3]. Pong hoc cua nd tuong duong vadi khau bac hai c6 ham truyén la [2]:

K{l)
Mo = T DT 1) (6)

Céc thong s ciia ham truyén nay duoc xac dinh bang thuc nghiém, nhu & [2].
Tong hop BDK vi tri ¢6 thé thuc hién theo cac cach sau:

- Tong hop BDK vi tri theo tiéu chuan t6i wu mé dun hoac ti wu ddi xing theo
phuong phéap da dugc trinh bay trong tai liéu [8, 9, 10].

- Téng hop BDK vi tri theo phuong phap Ziegler-Nichols hodc phuong phap st
dung phan mém thiét k¢ BDK PID Design nhu trong tai li¢u [2], ... dé thiét ke
BDK vi tri PID.

Nhu vay, bai toan tong hop BPK vi tri duge téng hop theo hai budc: bude 1 1a
nhan dang tham s0 cua d6i twong didu khlen vong vi tri (xac dinh cac tham s cua
ham truyén (6)), budc 2 1a xac dinh tham sé BDK PID theo phuong phap kinh dién.

Khi tong hop theo tiéu chuan t01 uu dbi xtng, theo phuong phap déa dugc trinh
bay trong tai liéu [2], ta bién d6i mau sb ctia ham truyén (6) nhu sau:

MS =(Ts+1).(Tys +1) = T,T,.s* +(T, +T,)s +1 (7)

Bo qua s6 hang bic cao ¢ mau s6 ta c6 ham truyén gan dung

law, =K, /(T,s+1),v6i T, =T +T,. Khi do, so d6 cau tric dugc bién doi thanh
so d6 nhu sau:

Pa P,
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Hinh 4. So d6 cdu triic hé truyén dong bam vi tri.

Tiep tuc bien doi so d6 khoi ta c6 so do sau:

(ﬂd 1 1 ¢r
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Hinh 5. Bién déi so do cdu tric hé truyén dong bam vi tri.

O hinh 4, ta coi mach vong téc d0 Wy, sau khi don gian hoa twong duong véi
mot khau quan tinh, day chinh l1a bd di€u khién téc d§ ma ta da tong hop theo
phuong phap backstepping trugt thich nghi [3]. Luc nay, BDK vi tri can xét chinh
1a khau Wy,

Vi thé d6i voi vong vi tri, ham truyén dbi twong c6 dang sau:

W,, =W, K,(l/5) (8)

~
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trong do, K, 1a h¢ sd truyén cua phan do (hodc Ky,), W, =K, /(T,s+1) la ham
truyén dat vong téc d6 da duoc don gian gan dung va bo qua sb hang bac cao &
mau so.

Ta str dung phuong phap tong hop bd diéu khién vi tri theo tiéu chuan t6i wu d6i
xtng, khi d6 ham truyén mong muodn ctua hé hd c6 dang:

. _2a,Ts+1 1 )
’ 2a,Ts a,Ts(T,s+1)
Khi d6 ham truyén bo diéu chinh vi tri 1a:
=t K, K (10)
w,, K,a,T, 2K aTs

bat K =K, (K,a,l,),ta thu dugc ham truyen bo diéu chinh vi tri 1a:

K
W, Kd¢+2 T (11)

day la bo diéu khién ty 18 tich phan. Khi tong hop BDK vi tri PID ta sir dung phan
mém chuyén dung PID Design ¢ [2], d¢€ tinh toan.

4. KHAO SAT MO PHONG
M6 phong hé théng truyén dong bam phi tuyén véi BPK vi tri trén co so
phuong phép backstepping trugt thich nghi sir dung dong co PMSM.
4.1. Nghién ciru mo6 phéng HTB trén co sé¢ phwong phap backstepping trwgt
thich nghi véi BDK PI
Trén co s& b didu khién vi tri PI dd duoc tong hop, di nghién ctru tinh todn mo
phong trong Matlab-Simulink nhu hinh 6.
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Hinh 6. So d6 mé ) phong HTB phi tuyen véi BPK vi tri ¢é tinh dén yéu t6 phi
tuyén mé men ma sdt va dan hoi sir dung khdu PI.

Trwong hop 1: Khi lugng vao ham bac thang X, = 0.1 rad, m6é men tai khong
thay ddi bién d0 Mcmax = 0.5Nm. Thay ddi tdng m6 men quan tinh thém 50% so
v6i gia tri ban dau. Vi gid tri ban dau (Jo = 6Kgm?); gia tri méi (J, = 9Kgm?), két
qua mo phong nhu sau:
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Hinh 7. Két qua mé phong BPK v tri sir dung khau PI truong hop 1 véi dap vmg
vdo ra theo goc véi gid tri ban dau: a) J, = 6Kgm®, b) gid tri méi J, = 9Kgm’.
Trong truong hop nay két qua cho th:?iy khi m6 men quan tinh tang 1én d6 dao
dong cta hé thong co ting (gia tri ban dau “J, = 6Kgm?” s6 1an dao dong = 1; gia
tri sau “J; = 9Kgm?®” b 1an dao dong = 2), lugng ra van bam sat luvong vao & qua
trinh can bang.

Truong hop 2: Nghién ciru phan tng ciia hé théng khi goc dat vao thay ddi
theo quy luat ham X, = V.t, (V = Irad/s) m6 men tai khong d6i M, = 0,5Nm.
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Hinh 8. Dap vng vao ra BDK vi tri su dung khau PI truong hop 2:
a) theo goc, b) quan sat moé men tdi.

Khi goc dat 1a ham V.t thoi gian dat gia tri can bang nho. Sai s bam sat bang
khong, ta thady b quan sat m6 men tai cho dap tng vdi thoi gian kha nhanh; cung
cap day du thong tin vé phu tai cho BDK.

4.2. Nghién ctru mo phéng HTB vi tri trén co sé phuwong phap backstepping
trugt thich nghi véi BDK PID

Bo diéu khién PI ¢6 céu tric don gian va d@ thuc hién trén thuc té lghi luong vao
h¢ thong la cac dai luong thay doi thi chat luong dong hoc cia hé thong chua cao.
D€ nang cao chat lugng h¢ thong ta sir dung thém thanh phén vi phén, d6 1a BbK
PID. So d6 md phong dugce xay dung trén co sé& Matlab simulink nhu hinh 9.

Khi da co mQ hinh dbi tuong diéu khién 1a BDK tdc d6 duoc nhan dang trén co
s0 st dung nhi€u phuong phap khac nhau dé tinh toan nhan dang nhu: phuong
phap Ziegler-Nichols, phuong phap sir dung phan mém thiét ké BDK PID Design
nhu trong tai li¢u [2], ... d¢€ thiét k¢ BDK vi tri PI va PID.

So 46 mé phong ciia BPK vi tri PID duoc thiét ké nhu sau: thong sé caa BPK
vi tri PID la: Kp = 9000, K; = 60, Kp = 65.

Nghién clru m6 phong dugc thuc hién véi ba truong hop co ban la:

- Lugng vao thay do6i theo quy luat hinh sin X, = X, sin(2xt).
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- Luong vao thay doi voi tbc d6 khong ddi X, = V.t.
- Lugng vao khong d6i voi goc dat nho X, = 0,1rad.
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Hinh 9. So d6 mé phéng HTB véi BPK vi tri ¢é tinh dén yéu t6 phi tuyén mé
men ma sat va dan hoi sw dung khdau PID.
Trwong hop 1: Goéc dat vao méot dai luqr}g diéu hoa X, = X, sin(2xt), bién do
Xm =0,1 chuky T = 1Is. HTB lam viéc ¢ ché dg khi c6 sy &nh huéng mé men ma
sat trén truc ddng co va mdé men ma sat phia tai:
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Hinh 10. Dap vng vao ra BDK vi tri sur dung khau PID truong hop 1:
a) theo goc, b) quan sdt mé men tdi.
Truwong hop 2: Goc dit vao 1a mot dai luong X, = 0,1t, HTB lam viéc ¢ ché do
khi ¢6 sy anh hudng m6 men ma sat trén truc dong co, va mo men ma sat phia tai,
ta co cac két qua nhu sau:
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Hinh 11. Dap vng vao ra BDK vi tri sur dung khau PID truong hop 2:
a) theo goc, b) quan sat mo men tdi.
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Khi lugng dat 1a ham X, = 0,1t. Ta thdy truong hop nay lugng vao bién thién
voi toe do chdm o, = 0,1 rad/s (twong duong vo6i gan 1 vong/phit). Bo quan sat
phu tai cung cép duogc déy du thong tin vé BDK. Luong ra bam sat luong vao nhu
hinh 11. Nhu vay, hé thong c6 kha ning lam viéc tt (khong cé sai s6) khi luong
vao bién thién voi tbe do nho khong doi.

Truwong hop 3: Goc dit vao 1a mdt dai luong khong ddi X, = 0,1 rad, hé théng
lam viéc & ché @6 khi c6 sy anh hudng cua mdé men ma sat trén truc dong co, va
mo men ma sat phia tai, ta c6 cac két qua nhu sau:
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Hinh 12. Pap wng vao ra BDK vi tri sw dung khau PID truong hop 3:
a) theo goc, b) quan sdat mo men tdi.

Két qua bo quan sat phuy tai cung cap duoc thong tin dé tong hop thuat toan diéu
khién. Qua trinh qua do co tinh chat tiém can, xay ra ém khong cé do qua chinh.
Luong ra bam sat lugng vao, sai s6 tinh bang 0 nhu hinh 12. Nhu vay, HTB c6 kha
nang lam viéc tdt bao dam tinh chat tiém can khi khir gbc sai léch.

Nhu vay, khi sir dung BDK vi tri PID cho théy chét luong dong hoc HTB dugc
cai thién hon nhiéu so v6i BPK PIL Qua trinh 1am viéc tot bao dam tinh chét tiém
can khi khir goc sai 1éch. Khi lugng vao thay d6i theo thoi gian c6 dang hinh sin
hodc ham V.t thi dép tmg cta hé thdng lam viéc tot, khong co sai sb ¢ qua trinh
cin bang.

4. KET LUAN

H¢ thdng truyén dong bam vi tri cho cac déi twong trong cong nghi€p va quan
su can doi hoi do tin cdy va do chinh xac cao, viéc thay thé cac dong co 1 chleu
bang cac dong co xoay chidu dong bo 1a rit can thiét. Bai bao da trinh bay duoc vé
cach tiém can méi tong hop HTB vj tri sir dung dong co dong bd c6 mé hinh phi
tuyén va thong sb bién thién. Két hop duoc BPK tdc do backstepping truot thich
nghi va bo diéu khién kinh dién da cho ta mot hudéng di ding va di tao ra duoc
BDK vi tri cho HTB dién co dang duoc sir dung nhiéu trong thuc té. Cac két qua
nghién ctru 1y thuyét va mé phong thu dwgc di ching minh dwogc tinh ding dan cua
thuat toan va két qua nghién ciru nay hoan toan c6 thé tmg dung vao trong thyc té
cho hé thdng truyén dong dién bam trong céng nghiép va quan su.
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ABSTRACT

SYNTHESISZING THE POSITION CONTROLLER FOR DRIVER SYSTEM

TRACKING ELECTRIC MECHANISMS USES PMSM MOTORS

In this paper, a controller synthesis method drive system tracking control
position uses PMSM motors used in industrial and military take into account
nonlinear and the change parameters of the model is presented. The system
consists of position controller loop and loop speed controller. In which loop
speed controller using adaptive law to compensate the uncertainty function
and built the sliding mode observers to estimate load torque, friction and
interferences. The controller is proposed to improve the quality system,
taking into account the uncertain nonlinear components for drive systems
such as moment of inertia, friction torque, elasticity. Research results will be
the basis for the establishment of control algorithms, system design electric
drives in the industry and army.

Keywords: PMSM motor control, Drive system tracking control, Variable structural control.
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