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This paper presents the problem of synthesizing the controller of the
electric drive system for industrial machines with elastic joint structure
using permanent magnet synchronous motors based on the sliding
mode control method combined with the disturbance observer to
estimate the disturbance and nonlinear components to provide
information and create control laws. The paper has specified the steps
of synthesizing the controller and demonstrated the stability of the
synthesized controller based on the Lyapunov stability theory. The
control goal is to ensure that the end point trajectory of the working
mechanism closely follows the set trajectory after a certain period of
time. The research results are verified on Matlab - Simulink software,
showing that the set value and the response value at the output of the
system always closely follow with small errors, which proves that the
quality of the synthesized controller can be applied in current practice.
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Bai bao nay trinh bay van dé tong hop bo diéu khién hé thong truyén
dong dién bam cho cac may cong nghiép co cau tric khop dan hoi sir
dung dong co dong bo kich tir nam cham vinh ciru trén co s& phuong
phap diéu khién trong ché do truot két hop bo quan sat nhléu dé woc
lugng céc thanh phan nhiéu loan, phi tuyén nham cung cép thong tin,
tao luat didu khién. Bai bdo da cu thé hoa cac budc tong hop bo diéu
khién va chimg minh tinh 6 on dinh cua bo diéu khién tong hop duoc trén
co so ly thuyet on dinh Lyapunov. Muc tiéu diéu khién 1a dam bao quy
dao diém cudi co cdu cong tac bam sat theo quy dao dat sau mot khoang
thoi gian nhat dinh. Két qua nghién clru dugc kiém ching trén phan
mém Matlab - Simulink cho thiy gid tri dat va gia tri dap ung ¢ dau ra
cua hé thong ludn bam sat voi sai s6 nho, diéu nay da chang minh chat
lwong bo diéu khién da tong hop c6 thé ap dung vao thyc té hién nay.
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1. Mé dau

Trong cac may cong nghiép nhu mdy tién, phay, may CNC, tay may robot... , dé nhan duoc
chuyén dong trén cic co ciu cong tac cua cac mdy cong nghi¢p, mot co cau truyen chuyen dong
tu cac dong co chap hanh t6i céc co cau Chuyen dong la can phdi lya chon. Tuy theo cau truc,
g dung, cong sut, yéu cau cong nghé, yéu cau chét luong diéu chinh ma nguoi ta lya chon céac
cau tric truyen dong dién phu hop. Tuy theo ciu truc truyén dong duoc lya chon ma trong hé
thong c6 thé xuat hién cac yeu t6 anh huong dén chat luong lam viéc cua hé thong nhu yéu té
trugt, ma sat, khe ho, dan hoi. Céc vat lidu noi chung du it hay nhidu déu c6 tinh dan hoi vi vay
cac bo didu khién truyén dong dién, ludn ludn tiy theo cdu trac va vat liéu ché tao, dang dic tinh
cua tai co the xuat hién hién twong dan hoi, phi tuyén,.v.v. [1] - [5].

Trong cac may cong nghiép, van dé bién dang dan hdi ton tai trong cac khop bai hai 1y do
chinh [6] 12 st dung cac by truyén chuyén dong khong truc tiép; giam khéi lugng céc co chu lién
két truyén chuyén dong, sir dung vat liéu nhe va thiét ké nho gon. "Tuy theo cau triic cua cac may
cong nghiép ma nguoi ta s€ lya chon phuong an dan dong tryc tiép hozc khong truc tiép. Du lya
chon theo phuong an truyen dong nao thi cac bo phan truyén dong nhu cdc banh rang, cac truc
truyén dong, cac dai truyén, v.v. 1a khong thé thiéu duoc khi thiét ké ché tao cac cdu triic truyén
dong. Trong mot sb truong hop nhu cac may cong nghiép lam viéc vai tdc do cham va luc tuong
tac nho thi cac yéu tb bién dang dan hoi trong cac bo phan truyén dong co thé bo qua [6]-[8],
trong trudng hop yéu cau do chinh xac cao, toc do cao va lyc tuong tac 16n thi ngay ca khi da lya
chon k¥ cau trac truyén dong tryc tiép, thi yéu dan hdi van c6 thé ton tai du rat nho va co thé anh
huong dén chat luong diéu khién cua dbi tuong [9] - [12]. Ngoai nhing yéu to néu trén, tinh dan
hoi co thé duogc thiét ké dé giai quyet cac yéu t6 khac cua dong hoc nhu do mem hoa cia co cau
cong tac, giam sy tuong tac giita bé mat gia cong (va cham tlep XUc) va co cdu cong tac, ting kha
nang mang tai cua h¢ thdng, giam tiéu thu nang luong va tiét kiém nang luong,.v. V. V6i nhitng
van dé nhu vay, viéc phan tich dong hoc va diéu khién cua may cong nghiép c6 cAu trac khép
dan hoi da duoc phat sinh nhu 1a moét nhiém vu hdp dan cho nhiéu nghién cuu [2] - [5].

Nhu vay trong viéc thiét ké cac bo truyén dong cua may cong nghiép, yeu t6 dan hoi co thé
can phai chu dong tao ra dé giai quyét nhitng van dé cua Chuyen dong hoac yeu t6 dan hoi khong
mong muén do céu trac bd truyen dong tao ra, vi vay trong diéu khién hé thong may cong nghi¢p
Vi cac khop dan hoi ta vira can phai xay dung céc thut toan dé ché ap su rung dong do yeu t6
dan hdi mang lai vira c6 thé tan dung cc yéu té nay dé giam thiéu, dung hoa cac yéu té phi
tuyén, nhidu loan nhu phan luc gia cng, quan tinh cua hé thdng, su tuong tac v6i méi truong.
Khi xét dén sy anh hudng cua yéu té dan hoi caa bo truyén dong thi bac cua hé thong didu khién
tang 1én, viéc tong hop diéu khién cho hé théng nhu vay tré nén kho khin hon rat nhiéu. Ngoai
ra, trong cac hé thong truyén dong dién hién dai cac dong co dién mét chidu co chit lwong diéu
khién tdt, cau tric don gian nhung yéu cau phai bao dudng thuong xuyén, d& phat sinh tia lira,
khong phu hop trong nhitng méi truong dé& chay nd. Dé khic phuc cac han ché néu trén, cac dong
co dién khong str dung chdi than duoc wu tién lya chon nhu dong co Servo, dong co budc, dong
co BLDC (Brushless DC motor: dong co mdt chiéu khong chéi than), dong co PMSM
(Permanent Magnet Synchronous Motor: dong co ddng b kich tir nam cham vinh ctu). Pong co
PMSM st dung nam chim vinh ctru, ¢6 do chinh xac cao, dam bao dwogc md men va dong dién
trong diéu khién, hiéu suat lam viéc, d6 bén cao dugc su dung pho bién [1], [2], [41, [8], [14].

Véi nhiing van dé nhu vay, bai bao dé xuit thuat toan diéu khién truot két hop bo quan sat
nhiéu ap dung cho diéu khién hé truyen dong dién bam trong may cong nghiép su dung khép dan
hoi va dong co PMSM nham giai quyét nhitng van dé da néu ¢ trén.
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2. Phuong phap nghién ciru
2.1. Xdy dwng mé hinh d¢ng hoc hé truyén dong dién bam khép dan hoi sir dung dong co PMSM
Theo phuong phap Lagrange, mé hinh hé truyén dong dién bam khép dan hdi s dung dong
co PMSM [1], [12] dugc xay dung nhu sau:
]t-q:; +k(Gm —q0) + b(qm - Qt‘) +di =M,
Jm-Gm + k(qm — q¢) +}§>(qm —th) tdi =M

dld _ |
@ "Il Primia 0
diq 1 R . Ld . lppnwm

@ L,
3
M,, = Epn[lpiq + (Lq — Lq)iqiq]

Trong d6 ¢y, q, twong mg la vi tri cua truc dong va tai; JmJe tuong Gng la m6é men quan
tinh cua dong co dién va cua tai; k 1a hé s6 dan hoi va b 1a hé s6 tat dan; vy, Vg, lq, Iq twong tng
la di¢n ap va dong di¢n stato ¢ truc d va q; Ly, Lg 1a cam ang tir cudn stator ¢ truc d, g; R 1a dign
tré cudn day; py, 1 s6 doi cuc tir; 1 1a tir thong r6 to. ‘ "

Doi véi dong co PMSM, khi mo ta trong khong gian dq 4p dung phuong phap dieu khién
vector. Khi d6 gi4 tri dat coa dong dién i dugc dat bang khong (3], [6] 6] dé téi wu hiéu suat hoat
dong, t6i da hoa mo men dién tir theo dong dién. Néu cac thong s6 bo diéu khién duoc chon luya
t6t, ta s& nhan duoc iy = ig = 0, khi d6 m6 men di¢n tr chi phu thugc vao dong di¢n i, [3], [6].

Trong truong hop nay, hé théng (1) dugc don gian nhu hé (2).

Je-Ge + k(@m — qc) + b(Gm — §¢) +dy = =M,

Jm-Gm + k_(Qm - Qt) + b(Qm - Qt) + d, = Ktiq )
dlq _ 1 R . lpanm
= —7, lq L

dt Ly 1 L

ig + —DPn@Wmiq —
q nWm
Lq Lq

q q
Ditxy = qii X2 = G5 X3 = Gm; X4 = 4} X5 = ig, qua Mot s6 phép bién doi va dat

1
fi=—x3 +—[k(x; —x3) +c(x; — x4) — My — dy4]

1]t
f2 = —xs +]—[k(x1 — x3) + c(xg — x4) — Kpxs — dyz] (3)
m
1 1
fz= L_[—RXS — Ypucxy];b = I
q q
Ta nhan dugc phuong trinh mo ta hé (2) trong khong gian trang thai
X1 = X
X, =x3+f1
X3 = Xy (@)
Xy = x5+ f2
5('5 = bu+ f3

2.2. Tong hop thudt todn diéu khién trwet hé truyén dong dién bam cho mdy cong nghiép cé
cdu truc khop dan hoi véi woc lwong nhiéu logn, bat dinh

Téng hop thuat toan didu khién truot hé truyén dong dién bam cho may cong nghiép co ciu
triic khép dan hoi véi wde lwong nhiéu loan, bat dinh, ta dinh nghia cac mat trugt nhu sau:
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S; =% — Xig, i =12,..5 ®)
V6i x;4 12 gid tri mong mudn cua cac bién trang thai x;. Ap dung ddi véi hé (4), bo diéu khién
duoc tong hop qua cac budc sau:
Budce 1. Binh nghia mét trugt s;.

S1 = X1~ X14 (6)
Vi x14 = ygq 1a gid tri trang thai dau ra, vi phan phuong trinh (6) ta dugc:
§1 =Xy —X1qg = X2 = Ya (7)
DPinh nghia mat trugt s,
Sy = Xy — X34 (8)
Khi d6 $1= 5+ X0~ Va 9)
Coi x,4 1a diéu khién 4o cua phuong trinh (9) va ta chon
X2a = Va — k1 9, (10)
Véi kg > 0,9; > 0 1a do day 16p bién ctia mat truot s; = 0. Thay (10) vao (9) ta dugc
§1:52+}>d_k1;_11_yd252_k1;_1 (11)
Budc 2. Vi phan theo thoi gian phuong trinh (8), dinh nghia mat trugt s5
S3 = X3 — X3q 12)
Dit d, = f;, chon diéu khién 4o
X3q = d2q —di ko (13)
Véi d; 1a gia tri woc luong cua d,, ky, > 0, 9, > 0, qua mot s6 phép bién doi ta duoc:
Sp=s3+(d1—dy) —ky 5 (14)

Bu(')'c 3. Vi phﬁn theo thoi gian phuorng trinh (12), qua mot sé phép bién d6i va dat X34, =
Vg + (— - Dyy + yd - (= ) 3+ xz la thanh phan chira cic tham s xac dinh,
X342 = —(19—1 g)dl — d1 la thanh phan Chua c4c tham s6 bat dinh, dit d, = —X34,

binh nghia mat trugt s, la:
. 54_ :,, X4 - X4d (15)
Va chon dicu khién ao x,4 la:

Xgq = ¥3q1 —dp — k3 3 9 (16)
Vi d, 1a gia tri uwdc lugng cua d, ks > 0,953 > 0, ta nhan duoc
$3 =S4+ (dy —dy) — k3s_3 (17)
Budc 4. Vi phan theo thoi gian phuong trmh (15), qua mot s6 blen dbi va dit X441 = X391 —
(x4 %341) 12 thanh phan chita cac tham sé xac dinh; %,4, = dz - —dz 1a thanh phan chua
cac tham s6 bat dinh, dit ds = f, — X44,. Pinh nghia mit truot s5 nhu sau:
s = xg - g (18)
Chon diéu khién a0 xs54
Xsq = Xgq1 — d3 — k4;—1 (19)
Véi d5 1a gia tri woc lwong cua ds k, > 0,9, > 0, qua mot s6 bién dbi ta nhan duoc
$4 = S5 + (dg — d3) — k4;—‘; (20)
Budc 5. Vi phan phuong trinh (18), thuc hién cac phép bién ddi twong tu ta nhan dugc
Ss =bu+dy — X541 (21)

Ly . k . \ \ A , . Az :
Vi X541 = X441 _ﬁ_i(XS — X441) la thanh phan chira cac tham s0 xac dinh; d, = f5 —

. . 3 k v N A , . A WAL 2 fo1ra 4:A -2
Xs5q2; X5q2 = —d3 — 19—1 d5 1a thanh phan chtra cac tham so bat dinh. Chon tin hi¢u dieu khién:
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17, s
u=—- [d4 — dsgy + ks = + cysat(ss) 22)
b Js
Trong d6, d, 13 gia tri u6c lugng cia d, va cs 1a hang s6 dwong. Ham sat duoc dinh nghia:

sgn(sg),néu |sg| > ¢
= S
sat(ss) _5’ néu |ss| < (23)
£
.= ks
= §5 =d, — —S5 — c;sat(sg) (24)

U5
2.3. Xdy dung bé quan sdt nhiéu
. Dé’ céqthﬁng tin wdc luong thélr}h phﬁn bat din~h, nhiéu loan néu trén, bd quan sat nhiéu duoc
de xuat d€ wdc lugng cac thanh phan bat dinh, nhicu loan.
B0 quan sat nhi¢u dugc thiét ké nhu sau:
d; = 9, + pys;
.l ._ l pl l N (l) (25)
ﬂ X v, = Tpi,(5i+} + X+1a T di — X14)
Vi phan biéu thuc d;, qua mot so bién doi ta co
d; = pid; (26)
Trir ca hai vé phuong trinh (26) cho d; ta dugc
_ di—dy = pd; — dy > d; = —pid; + d; (27)
Ta c6 b quan sat nhi¢u cho kénh thir nhat:
di =9, +p152
oY1= —pi(S3 + x3q + dy — Xog)
Phuong trinh dong hoc sai s6 by quan sat nhicu kénh thir nhat
- d~1 = _p1d~1 + dl (29)
Tuong tu ta c6 bd quan sat nhiéu cho kénh tha hai:
dy = U + p2S3

(28)

) . (30)
Uy = —=pa(S4 + X4q + dy — X341)
Phuong trinh dong hoc sai so by quan sat nhicu kénh thir hai
N = d~2 = —p2d~2 + dz (31)
B& quan sat nhiéu cho kénh thir ba:
d3 = 93 + P35, (
X . . 32)
U3 = —p3(Ss + Xsq + d3 — X4q1)
Phuong trinh dong hoc sai s6 bo quan sat nhiéu kénh thur ba
. d3 = —psd; + ds (33)
B6 quan sat nhiéu kénh thur 4:
dy = 94 + psss
: . (34)
YUy = —pa(bu+dy — Xs541)
Phuong trinh dong hoc sai s6 bg quan sat nhiéu kénh thur tu
, d~4 = _p4d~4 + d4_ (35)
Dinh nghia véc to sai s6 udc luong nhu sau:
d=[dy dy.dy]; &y = di— dgvéii =12, .4 (36)
Khi d6 phwong trinh déng hoc sai s6 quan sat duoc thé hién nhu sau:
d=pd+d (37)

Véi p = diag[—py, —py, ., —pa] va d = [d;, dy, ..., d, ]T, vector d thoa man ||d|| <y, véi y
13 hing sb duong.
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2.4. Phaén tich on dinh

Trong phan nay, tinh 6 6n dinh ciia hé thong trén s& dugc chimg minh. Ching ta c6 thé chon hé
sO bd quan sat nhidu sao cho céac gia tri riéng ctia ma tran P dugc chon tuy y.
Mit khéc, chung ta c6 thé chon ma tran xac dinh duong P sao cho

p"P+Pp=—-Q , (38)
V&i moi ma tran xac dinh duong Q, A,,, 1a gia tri riéng nho nhat cua Q. Xét ham Lyapunov
Vi(d) =d"Pd (39)

Khi do
Vi(d) = 2d"P(pd + d) = 2d"Ppd + 2d"Pd

(40)
= dT(pTP + Pp)d+2d"Pd < —||d||(/1m||d|| —2||IP[l.B)
bé Vl(d) < 0, ta can c6 Am”d” = 2|IP|l- ,8 > 0, tirc can co diéu kién
2 P
giam mii vé 0 ma bi chan boi
2|[PlIB
1= (42)
m
Tic la
, ld] <2 (43)
Néu A, 16n nghia 1a Q dugc chon phu hop thi sai s6 quan sat s€ nho, ma ta co
k ~
Sg = —19—555 — cgsat(ss) +dy (44)
5
Gidi han cua s ¢6 thé dugc tinh nhu sau:
ks ~
S5Sg = —0— — CgSssat(ss) + ssdy (45)
5
Tir (23) ta c6, Néu |sg| > €
. ks
S5Ss = _|SS|(19_5 Iss| +cs — 4) (46)
Vi vay
9s(4; — ¢
sl < ZA ) (@)
. 5
Neéu |sg| < € thi
c
ssds < 155l (G2 + D) (48)
Vi vay Iss|
pe—LL 49)
Ss1 = Sks + 195CS
Nhu vy, sau mét khoang thoi gian, mat truot s sé gigi han bai
Sg < 65 (50)
Vi
Se = max ("95 A —cs)  Aeds )
5 k5 ’ Ek5 + 195CS
Tuwong tu, ta s€ ¢6 s; < 6;, voi i = 1,2,3,4 trong do:
85, = 4 (85—41). 8y _ 93(84— lz) 5, _ 92(83—A). . 8, _ 9192 (51)

ks k3 k2 kq
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Nhu vay, sai s uée lwong d va cac mit truot s 1a gidi han. Cac gidi han nay co thé giam dugc
néu ta chon cac hé so k;, 9;va ¢y phu hop.

3. Két qua mé phéng

Dé danh gia chat luong cia cac bd diéu khién di tong hop duogc, can phai 1am mé phong
chting minh kha ning lam viéc ctia cac bd diéu khién trén. Co s6 1ap trinh mé phong duoc Iya
chon 13 phan mém Matlab — Simulink.

Dé ¢ du co s so sanh chét luong cta cac bo diéu khién da téng hop duoc, tac gia lya chon dbi
tuong chung 14 hé truyén dong dién cho may cong nghiép véi khdp dan hoi. Cac tham sb str dung cho
mo phéng [10], [11] dugec chon nhu sau: J, = 0,0093 kg.m?; J,, = 0,2304 kg.m?, k =
100 (Nm/rad); b = 0. Cac tham s ciia dong co chap hanh dwoc cho nhu sau: Ry = 0,901 Q,
Ly =Lg=0,0065H,p, =4, =0,031Wb. H¢ sO bo quan sat nhidu p = [20 20 40 40].

Cho quy dao mong mudn q.4(t) = sin(wt), bai toan diéu khién dat ra 1a tim luat diéu khién
dau vao dé quy dao ciia may cong nghiép g, (t) bam theo quy dao dit trong thoi gian T.

Tir d6, ta co cac két qua md phong duoc thé hién nhu Hinh 1, Hinh 2, Hinh 3.

[ Vitri dat |
—Vi tri thuc

Vi tri dAu ra(Rad)

l\mé(s]

Hinh 1. Vi tri diém cuoi co cdu cong tac

ra(Rad)

ra (Radis)

Sai 50 ban sat vi tri dau

timefs) time(s)

a) b)
Hinh 2. a) Sai so bam sat vi tri diém cuoi co cau cong tac, b) Vin toc diém cuoi co cdu cong tac
==V tri truc dong co . ==V/an toc truc dong co|
3 3
=+ % .
>
timel(s) W : lr;els]
a) b)

Hinh 3. a) Vi tri truc déng co PMSM;; b) Vin toc truc dong co PMSM
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Tir két qua mo phong ta nhan thiy hé 6n dinh, vi tri diém cudi ctia co cdu cong tac da bam
theo quy dao dat sau mét khoang thoi gian khoang 0,6s, sai so xac 1ap 10n nhat 12 0,02 (Rad).

Do dac tinh dan h01 cua khop, tai thoi diém qua do xuét hién hién tuong tré diéu khién, tuy
nhién vi tri diém cudi cua co ciu cong tac da bam theo quy dao dat voi do chinh xac cao, thoi
gian qua do nho. Ngoai ra tai cac thoi diém thay d6i chidu chuyén dong ciia quy dao ciing xuét
hién hién tugng sai s6 diéu chinh, tuy nhién sai s diéu chinh la rit nho (khoang 0,02 (Rad)).

4. Két ludn

Két qua cua bai bao da chi ra cac bude tong hop diéu khién bam cho hé truyén dong dién may
cong nghiép co xét dén yéu té dan hdi cua khop sir dung dong co PMSM trén co s& két hop
phuong phap diéu khién truot va bd quan sat nhidu. Viéc st dung bd quan sat nhiéu giup ning
cao chat lucmg ctia b diéu khlen trugt truyen thdng. Két qua mo phong cho thdy véi thuat toan
da tong hop, vi tri va vén téc diém cudi co cau cong tac da bam theo gia tri dat sau mot khoang
thoi gian nhét dinh, chét luong diéu khién tét. Dy 1a mot hudng nghién ctru cho phép ning cao
chét lugng 1am viéc cta cac hé dién co co yéu td phi tuyén bac cao.
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