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TOM TAT

Bai bdo trinh bay két qua phdn tich va tong hop ludt diéu khién cho hé truyén dong bam sir
dung dong co d‘ong bo nam cham vinh curu va bo khuéch dai cong sudt di kém. Xem xét dong co
dong bé va bg khuéch dai cong sudt la mot doi twong, ludt diéu khién triegt véi toc dg tiép cdan
mdt truept khong doi dwoe bé sung thanh phan lily thira tao ra tin hiéu diéu khién mé men khang
nhiéu cé xét dén giad tri chan trén va chan dudi cua nhiéu. Qua trinh t(fng hop ludt diéu khién
dwoc bao dam todn hoc chdt ché trén co sé on dinh Lyapunov. Mé phong trong Matlab thé hién
tree quan két qua nghién ciu.

Tw khoa: Hé truyén dong PMSM; Diéu khién truot; Luét tiép can mat trugt 1y thura; On dinh Lyapunov.
1. PAT VAN BE

Hién nay, do dic tinh mé men ctng voi dai thay d6i tdc do rong, nhiéu hé truyén dong bam
dd va dang str dung dong co dong bd nam chdm vinh ciru (PMSM) di kém véi bd khuéch dai
cong suat (KDCS) (hay bo bién tan). Cach tiép can theo hudng ing dung nay tao thuan lgi trong
thiét ké va tong hop hé théng diéu khién nho khai thac nhitng thuat toan va phuong phap diéu
khién dong co PMSM co ban da duoc tich hop san trong cac bo bién tan. Tuy nhién, vdi cac hé
théng bam chat lugng cao nhu cac hé thong bat bam muc tiéu trén khong, hé truyén dong bam
phan tr ban [1-3], do hé théng hoat dong & ché do qua do lién tuc nén chi riéng thuat toan diéu
khién co ban tich hop bén trong b6 KDCS khong dam bao chat luong bam cho hé théng. Mau
thufin nay 1am nay sinh vin dé khoa hoc, can c6 cac bo diéu khién vong ngoai phu hop. Mic du
trong mot sd nghién ctru nhu [2-3] cic nha thiét ké hé thong da tong hop cac bd diéu khién nhu
PI, PIV, PIDV hay lich trinh d6 loi (gain scheduling); song khi téc do tin hiéu dat thay d6i van
can phai ¢6 nhitng diéu chinh tham s6 luat diéu khién mang tinh chii quan, lam han ché tinh thich
nghi ctia hé thong.

Diéu khién ciu triic bién doi (VSC) va diéu khién truot (SMC) dwoc Utkin, Itkis, Emelyanov
dé xuat; trai qua nhiéu thap ky, VSC va SMC di duoc cong dong hoc thuat quan tim nghién ctru
va ngay cang lam phong phu, sau sic thém [4-5]. SMC hién dang dugc tng dung nhu mot giai
phap thiét ké chung cho rit nhiéu hé théng diéu khién nhu hé tuyén tinh, hé phi tuyén, cac hé
thong ¢ nhiéu dau vao dau ra (MIMO), hay hé roi rac, hé ngiu nhién. Khi nam trong ché do
truot, hé thong khong nhay cam véi nhiéu, do d6 tinh bén viing cta hé thong dugc dam bao [4].

Trong nghién ctru ndy, xem co céu chip hanh dong co PMSM va by KDCS 1a mot doi tuong
diéu khién, song khac vdi cac nghién ciu [1, 3], trong d6, diéu chinh KDCS-PMSM ¢ ché d6 vi
tri; bai bao dé xuit mot cach tlep can moi, theo do, bd KDCS dugc diéu chinh dé cung voi dong
co PMSM lam viéc ¢ ché d6 két hop vi tri — m6 men. Cach tong hop nay nham tan dung dugc do
phan giai chinh x4c cua ché d diéu khién vi tri va tao thuan loi cho luat diéu khién vong ngoai
nho ché do didu khién truc tiép md men thong qua mot dau vao dién ap. Luat diéu khién truot
vong ngoai dugc tong hop trén co s¢ két hop tdc do tiép can mat truot khong doéi va tde do tiép
can Ity thira. Thong thuong, thanh phan bu nhidu dugce dinh lugng bang gia tri chin trén cua
nhiéu. Tuy nhién, bai bao ndy st dung cd chan trén va chan dudi cua nhiéu dé cho lugng bu
nhiéu it hon, vi thé tdc d6 mat trugt khong ddi dugc gidi han trong mét tap xac dinh ngét hon.
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2. PHUONG TRINH TRANG THAI CUA POI TUQNG PIEU KHIEN

Hé truyén dong bam st dung co céu chép hanh KBCS-PMSM c6 phuong trinh dong luc hoc
(1), hién 1a xu thé cong nghé va cau hinh phan cing dugc nhiéu nghién ciru tmg dung [1-3, 8].
Jm6(t) = Mp, + My, — b 1)
Véi: 6, 6 1a gia téc goc va toe do goc thuc quy vé dau truc dong co.
b la hé s6 ma sat nhét, phu thuoc vao toc @6 quay cua déng co.
M, 1a mdé men dau tryc dong co (tin hiéu diéu khién mé men).
M, 1a m6 men nhiéu tai thay doi theo thoi gian.
Jm 1a mb men quan tinh caa dong co.

Khi by KDCS duge cai dit & ché do diéu khién két hop vi tri - md men, tin hi¢u diéu khién
dua vao bo KDCS la dién d4p mot chicu u,(t) = [—10; +10] V. B diéu khién vong ngoai s&
tong hop tin hiéu diéu khién u,,(t), con viéc ap dat moé men lén truc dong co do bd KDCS dam
nhiém.

Vi vong diéu khién dong dién da cai dt sin, bién tan s& hoat dong ¢ ché d diéu khién truc
tiép rp() men, dong hoc 01’°1a lghc”)i KBCS — PMSM dugc mo6 ta boi khau ti 1€ gitta m6 men va dién
ap diéu khién dua vao bién tan [9].

M,, = k,u, (2)

Trong d6: k,,, 1a hé s6 diéu chinh mé men theo dién ap, duoc thé hién truc quan trén hinh 1.

Mé-men (%)
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Hinh 1. Bdc tinh diéu khién truec tiép mé men co cau chdp hanh Delta [10].
bait sai Iéch bam goc va dao ham cua sai 1éch bam nhu (3):
{e(t) =04(t) — 6(¢) ®)
é(t) = 04(t) — 6(¢)
Véi: 6 1a gbc thyc; 6,4 1a goc dat.
Két hop (1) (2) va (3), phuong trinh dong luc hoc cua d6i tugng KDCS-PMSM la:
—Jm€ — bé — kpuy, + J;0q + b0y — M, =0 4
bat: x; = e(t); x, = é(t)
Dbi twong (4) duoc viét dudi dang phuong trinh trang thai (5):
J'Cl =Xy (5)
‘ b o + (9’ + b 6y ——M )
Xy =——XxXp ——1U —0;——
M RN e
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3. TONG HQP LUAT PIEU KHIEN VOI LUAT TIEP CAN MAT TRUQT LUY THUA
Chon mat truot:

S=Ax1+x2=0,/1>0 (6)
Lay dao ham bac nhat ham trugt va thay %, tir phwong trinh trang thai (5):
b ko b 1 (7
S /1x1+x2—/1x2+x2—(/1——)x2 (9d+—9d——ML)
Jm Im Jm Jm

Luit tiép can mat trugt voi toc do Ity thira cia ham truot dugc sur dung trong mot s6 nghién
ctru [4, 6]. Luat tlep can nay lam ting toc do tlep can mat trugt khi trang thai hé thong xa mat
truot; giam toc do tiép can khi trang thai hé thong gan dén mat truot. Két qua la h¢ thong nhanh
chong vao ché do trugt va han ché dang ké chattering.

Trén co so luat tiép can mat trugt co ban cé toc do tiép can mat trugt khong ddi va luat tiép
can mat truot co tdc do tiép can mat truot liy thira [4], ching t6i dé xuét luat tiép can mat truot
két hop c6 biéu dién nhu (8).

S = —esign(S) — k|S|%sign(5),e > 0,k >0,1>a >0 (8)
Tir (7) va (8), ddng nhét thirc, nhan duoc:
b k b 1
(/1 - —) X, ——u (Hd +—04 — —ML) = —esign(S) — k|S|%sign(S) ©
Jm T Jm Jm

Tt (9) nhan duoc luat diéu khién (10) nhu sau:
1 3} .

Uy =1~ [(Mm = D)x; + €] msign(S) + kJm|S|%sign(S) + (Jmba + b8y — M, )]
m

Néu do duoc nhidu tai M, cong thirc (10) s& 1a mot luat diéu khién twong minh. O day, xét
truong hop néu chi biét M, bi chin, co nghia 1a: M; < M, < M,, thi (10) khéng con tuong minh
nira. Do d6, luat diéu khién (10) duoc ching tdi thay bai luat diéu khién (11), trong d6 M;, duoc
thay bai thanh phan b nhiéu M.

(10)

1 ) i . . _ 11
Uy =— [(An — B)xs + €] msign(S) + kJ |S1%sign(S) + (J;n8a + b8y — M)] (11)
m
~ Noi dung dudi day trinh bay diéu kién déi voi thanh phan bu nhiéu M va diéu kién ngit hon
doi vai toc do tiep can mat truot khong doi €
Lua chon mdt ham Lyapunov V ¢ dang (12) va liy dao ham V theo thoi gian:

1 (12)
—_c¢2

V=320

V=SsS (13)

Sau day, chung t6i tim diéu kién dé V < 0; Khi @0, can phai xem xét dén dong hoc cua mat
truot S, hay ndi cach khac phai xem xét dén toc d6 ctia mat truot S.
Thay luat diéu khién (11) vao phuong trinh thtr 2 cta (5) va bién doi nhan dugc:
M-M
%, + Ax, = —esign(S) — k|S|%sign(S) + ] L
m

S = —e&sign(S) — k|S|%sign(S) + 7

m

Tir (8) va (14) thay rang, khi khong do dugc nhidu tai M,, ma chi dwoc tinh toan gian tiép
théng qua ce’ic giai han trén, dudi cta nhiéu thi toc do tiep can mat truot thuc té can dugc bo sung
M=ML Sy thay déi ndy hoan toan phu hop Vi S & (8) twong Gng véi luat didu khién

m

mot luong
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(10), con S & (14) twong tng Vi luat diéu khién (11). Thay (14) vao (13):

i M-M ) 15
V=—¢lS|+ LS — k|S|e*tt =V, — k|S|*+2 (19)
m
Trong do:
i M- M,
v, = —¢|S| + S
Jm
*Khi § =0:
*Khi § > 0:
) M- M, M- M, (15a)
Vi=—¢eS+ §<0->e>
m ]m
Doe>0nénM — M, >0—-> M > M,.Chon M = M,.
*Khi § <0:
i M- M, M- M, (15b)
Vi=eS+ §5<0—-e>—
m ]m
Doe>0nénM — M, <0 - M < M,.Chon M = M.
Két hop (15a) va (15b), chon M nhur (15c¢):
_ M +M, M;—-M 1
i = 2 My Zsign(S) (15c¢)
2 2
M_ML
€=
Jm

Tham sé nhidu M, bién ddi trong dai [My; M,], chon M = M, va M, = M, dé c6 duoc diéu
kién ngat hon cta . Khi do:

M, — M,
Jm
Tir (15¢) va (15d) cho thay, V < 0 vS. Do V < 0 nén V 1a ham don diéu giam, V < V(0) hay

V bi chan, vi thé S ciing bi chan. Diéu kién (15¢) va (15d) méi chi dam bao V la mot ham ban

xac dinh &m nén V chua thé 1a mot ham Lyapunov thuc sy. Khdng mat tinh tong quéat, xem xét

M, 1a nhiéu bién d6i cham (muc dich dé cho ¥ ¢6 biéu dién toan hoc gon hon), khi dé:

dM, d(M—M,) .

s (15d)

dt dt
Tir (15), tinh dao ham cap hai cua V:
V =2 + k|S|* + [ek(a + D|S|* + k?(a + 1)S?*]sign(S) (16)
— _ _ 2
M-M k(M -—M M-M
_ &( L)+ ( L) |S|“] sign(S)—< L)
Jm Jm Jm

Cong thirc (16) cho thay, V7 13 ham sé caa S. Vi S bi chan nén V ciing bi chin, do d6, V 1a ham

lién tyc déu. Bo dé Barbalat dam bao rang, V = —¢|S| + M]_MLS — k|S|**1 - 0, kéo theo S —

0. Luat diéu khién (11) dam bao cho hé théng (5) ton tai ché do truot véi diéu kién & >

M;—M,

Khi hé théng ton tai ché do truot, S = 0:
S=lx1+x,=0x; =—x, o Ax; = —X%,
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1
In|x,| = _It +C, C = const (17)
Gia sir, trang thai ctia hé thong & thoi diém roi vao mit truot: x;¢|,—; » = x15(tp), taco:
1 18
€ = Infxys () |+ 16 o
Thay (18) vao (17) nhan dugc:
1
In|x, | = —zt+1n|x15(t0)| (19)
1
— —(t=to)
x; = x15(tg)e 2
1 1s(lo (20)

xq5(t 1
xz I 15( 0) e—z(t—to)

Vi A > 0 nén cong thirc (20) cho thay, x,x, — 0 khi ¢ — co. Nhu vay, luat diéu khién (11)
dam bao cho trang théi caa hé thong x4, x, — 0.

Tir nhitng phan tich trén cho phép ching tdi phat biéu dinh Iy sau:

binh ly:

Lugr diéu khién (11) véi mdt trueot (6) va ludt tiép can mat trueot (8) dam bao cho hé thong diéu
khién (5) ton tai ché do trueot va trang thai x,, x, — 0 véi diéu kién i = 2220 4 @sign(S)
My—M;

vae > , trong d6, M,, My lan lwot 14 gi tri chén trén va chdn duwéi cia nhiéu M.

m

4. MO PHONG VA BINH LUAN

Khao sat hé théng c6 md ta (21) dudi tac dong ctia nhiéu (22) c6 mo ta [7]:

6(t) = —250(t) + 133u,(t) + M, (t) (21)
(t —1,5)? (t—3)2
M, (t) =50 X exp [_ZX—OZZ — 20 X exp [— 2% 0 12] € [—20; 50] (22)

M = 15 + 35sign(S)
Sai 1éch bam goc va dao ham cua sai 1éch bam:
{e(t) = 0,4(t) — 6(¢) (23)
é(t) = 64(t) — 6(t)
biat: x; = e(t); x, = é(t)
Heé thdng (21), (22), (23) dugc viét dudi dang phuong trinh trang thai (24):
X1 =X, (24)
{xz = —25x, — 133w, + (64 + 256,) — M,
Gia sir, vi tri goc va tbe do goc ban dau:

6,(0) = —0,5rad; 6,(0) = —0,5rad/s (25)
Véi goc dat 1a ham 6,4(t) = 1(t), trang thai ban dau ciia hé thong 1a:
[X1 xZ]T = [1'5 O'S]T (26)

Thiét lap tham s6 cho bg diéu khién: A = 15;& = 70; & = 0,8; k = 20.
Mat truot ¢ dang:

S =15x; + x, 27
Vi dau vao 6,4 (t) = sin(t), bo didu khién tong hop duoc:
1 {[20(15x1 + x,)%8 + 70]sign(15x; + x,) — 10x2}

W= 1331- sin(t) + 25 cos(t) — 15 — 35sign(15x; + x3) (28)
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Véi dau vao 6,4(t) = 1(t), bo didu khién tong hop duoc:

- 1 {[20(15x1 + x,)%8 + 70]sign(15x; + x,) — 10x2} (29)
Y1331 —15 — 35sign(15x; + x5)
Trwong hep 1: M0 phong véi € = 70.
g 1.5 T T T T 2
&
5 o
= L ot
= 05} &
@ = 4l
ES - -
§ of =
g 6t
<«
= 05t ; ] gk . |
0 1 2 3 4 5 0 0.2 0.4 0.6
Thoi gian (s) X, (rad)
a) Tin hiéu diéu khién; b) Trang thai cia hé théng.
Hinh 2. Tin hiéu diéu khién va quy dao trang thdi ciia hé théng véi 84 = sin(t).
—_ 2
é 0
S 157
5 i
£ 17 )
= g 10
S 05f 1 >
= X 15}
g Of 1
£ R 20|
Z 05 - - : - : .
0 1 2 3 4 5 0 0.5 1 1.5
Thoi gian (s) Xy (rad)
a) Tin hiéu diéu khién; b) Trang thdi ciia hé thong.
Hinh 3. Tin hiéu diéu khién va trang thdi ciia hé thong véi dau vao 84 = 1(t).
1
Goc dat
%\ 6 .......... G(’)C thuc
€ E 05
S S i 1.005 =:
N \© H P I
ﬁ g H 1 -~ -"': “"‘ — el
8 8 0 0.995 i
: 1 2 3 4 5
0.5 : : : :
0 1 2 3 4 5
Thoi gian (s) Thoi gian (s)
a) Ddp ting ciia hé thong véi 04 = sin(t); b) Pdp iing ciia hé thong véi 64 = 1(t).
Hinh 4. Pdp iing ciia hé thong véi cdc dau vao khdc nhau.
Nhgn xét: Truong hop & = 70 théa méan diéu kién cua dinh ly, & > Me=Mil = 70. M phong

m

thue hién voi dau vao 1(t) va sin(t) cho thay, hé thdng ton tai ché do truot va trang théi cua hé
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théng — 0 (hinh 2b, hinh 3b). Trén hinh 4b, thoi gian qua do cia hé théng T,q = 0,5s; nhidu tai
M,, duoc bl hoan toan véi sai s6 bam goc khong vuot quéa 0,005 rad & thoi diém c6 nhidu.

Trwong hep 2: M0 phong véi € = 60.

0 i i 1
1.02 -
o -’P; R s - T
2 o 0 R H g
g 0 S P0.96E 1 ,
= S : 0 1 2 3 4
X 150 s 8 Of ’
© : Goc dat
20| 0 0.04 1 A P Goéc thuc
: ' ' 05 : : : :
0 0.5 1 15 0 1 5 3 4 :
X, (rad) Théi gian (s)
a) Trang thdi ciia hé thong b) Pdp g ctia hé thong

Hinh 5. Ddp vng va trang thdi ciia hé véi 8,4 = 1(t) khi € = 60.

Nhdn xét: H¢ théng ton tai ché do truot; trang thai ciia hé théng — 0, song khi xuét hién nhiéu
tai M;, hinh 5b cho thiy, lugng bu nhidu khong du dé gitr cho hé thong & trang thai can bang; hé
thong bi nhiéu danh bat ra khoi trang thai 0, sau d6 mdi tir tir tr& vé trang thai can bang. Trén hinh
5b, nhidu tai xuat hién tai thoi diém t; = 1,5s va t, = 3,0s di thé hién tryc quan qua trinh nay.
Nguyén nhén la ¢ = 60 khong thoa man diéu kién € = 70 ma dinh 1y phat biéu.

Trwong hgp 3: M0 phong véi € = 50.

Hé thdng ton tai ché do truot; trang thai cua hé théng - 0, song khi xudt hién nhiéu tai M,
do thi trén hinh 6b cho thiy, lwong bu nhidu khong du dé giit cho hé thong 0 trang thai can bang,
H¢ thong bi nhiu danh bat ra khoi trang thai 0, sau d6 méi tir tir tré vé trang thai can bang.
Nguyén nhan 1a € = 50 khdng thoa man diéu kién & > 70 ma dinh ly phét biéu. So véi truong
hop & = 60 (hinh 5b) thi lugng dieu khién bu nhicu khi & = 50 (hinh 6b) it hon, do vdy, h¢
thong bi vang khoi trang thai can bang xa hon.

0 ! T 1
5 — Goc dit
@ g 05k [ Goc thuc
B - 0.5 g
£ 10 o £ f1.05
o g H
X 15t 05 P 0 1
-0.1 0 0.1 3 i oo
-20
0 1 2 3 4
-0.5 :
0 0.5 1 1.5 0 1 5 3 4 5
Xy (rad) Thai gian (s)
a) Trang thai cua hé thong; b) Pap vng cua hé thong.
Hinh 6. Ddp wng va trang thdi ciia hé véi 04 = 1(t) khi € = 50.
Nhdn xét chung:

- Luat diéu khién (29), (30) voi luat tlep can mat truot (28) dwa hé théng vao ché do truot va
dam bao trang thai ctia hé théng hoi tu vé 0.

- Viéc chon & phu hop khong chi gitip cho hé thong roi nhanh vao ché d6 truot ma con dam bao
giit cho hé thdng & trang thai can bang khi co su thay ddi cia nhidu tai M,. Chon & cang ngit thi
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trang thai cAn bang cta hé thdng cang dugc giit chit va chit luong bam cua hé théng cang cao.
5. KET LUAN

Bai bao da trinh bay mot cach tiép can moi khi xem xét d6i tuong diéu khién st dung co cdu
chap hanh dong co PMSM va bo KDCS di kém lam viéc & ché do ket hop vi tri — md men. Céch
tiép can nay tao thuan loi cho viée tong hop luat diéu khién truc tiép moé men vong ngoai thong
qua mdt dau vao dién ap va van tan dung duoc dac t1nh phan giai cao cua che d6 diéu khién vi
tri. Trén co so két hop tbe do tlep can mat truot truyen thong va toc do t1ep can mat trugt iy
thira, luat diéu khién truot vong ngoai cho hé hé théng bam goc da duogc téng hop véi diéu kién
ngit hon cta thanh phan tdc d6 tiép can mat trugt khong doi . Giai phap két hop cac thanh phan
téc do tiép can mat trugt da dam bao tinh thich nghi va bén viing cho hé théng. Két qua nghién
ctru dugc chung minh toan hoc chét ch€ va moé phdng truc quan.
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ABSTRACT

Sliding mode control with exponent sliding surface-reaching law
in the tracking drive systems using synchronous servo at torque-position mode

This paper presents the results of the analysis and synthesis of the control law for the
tracking drive system using a synchronous motor and its accompanying power amplifier.
Considering the synchronous motor and the power amplifier as one object, the sliding
mode control law with the constant speed of approaching the sliding surface is added the
exponent component, has created the anti-disturbance torque control signal considering
the lower bound and upper bound of disturbance. The process of synthesizing control law
is guaranteed mathematically based on Lyapunov stability. The simulation in Matlab
shows visually the research results.

Keywords: PMSM drive system; Sliding control; Power sliding surface approach law; Lyapunov stability.
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