Nghién ciru khoa hoc cong nghé

TONG HOQP BO PIEU KHIEN TRUQT PAU CUOI NHANH
CHO HE TRUYEN PONG NHIEU PONG CO
CO LIEN HE KHE HO, MA SAT, PAN HOI

Tran Xuén Tinh'", Pham Tudn Thanh', Trin Van Tuyén', Pao Sy Luat®

Tém tiit: Bai bdo trinh bay két qud tong hop bé diéu khién trieot dau cudi nhanh
trén co sé bat dcfng thire ma trdn cho hé co dién nhiéu dong co co lién hé ma sat,
dan hoi. Cdc két qua dwoc khdo sat danh gid bang mé phong trén phan mém
Matlab-Simulink cho thdy bg diéu khién nay dam bdo dwoc cdc yéu cau chat lrong
ngay cd khi hé thong chiu anh hwéng ciia cdc yéu t6 phi tuyén do cdu triic phan co
gay ra.

Tir khéa: Nhiéu dong co; Piéu khién truot diu cubdi; Bat déng thirc ma tran tuyén tinh.

1. PAT VAN PE

Hé truyén dong (HTb) nhiéu dong co Gmg dung trong cong nghiép va qudc phong déu
1a hé dong luc hoc phi tuyen chira cac lién hé chéo; cac moi lién hé nay 1am cho mé hinh
ctia d6i twong diéu khién tré nén phi tuyén. Trong diéu khién HTD, vat liéu dan hoi nhiéu
dong co, viéc kiém soét luc cang trén bang vat liéu la mot vAn dé kho. Cac bo diéu khién
(BDK) HTD nay lién tuc duoc nghién ciru phat trién tir don gian nhu BDK PID [3] dén
phirc tap nhu logic mo [4], mang no ron [5], diéu khién t6i wu [6] va diéu khién bén viing
[7]. Tuy nhién, van chua c6 BDK nao dap ing tbt chat lugng cua hé ciing nhu tinh hét
nhimg tac dong cua yéu t6 phi tuyén cua phan co. BDPK diéu khién trugt ddu cubi nhanh
trén co sé bat dang thirc ma tran tuyén tinh LMI-FTSM (Linear matrix inequalities-Fast
Terminal Sliding Mode) duoc tong hop cho HTD bang vat liéu dan hdi nhiéu dong co da
cho chit luong tot ngay ca khi tinh dén cac yéu t phi tuyén nhu: ma sat, khe ha, dan hoi.

2. TONG HQP MO HINH CO HE

Xét mot md hinh hé thdng dién co hai khdi luong dan hoi dang 1 két hop dang 2 [1],
[2] nhu hinh 1. O day, chi xét dao dong dan hdi trong lién két hai chiéu gitra dong co va
tai; giita hai tai cta hai dong co, cac mdi lién két khac coi nhur cimg viing hoan toan.

Vi

F

Hinh 1. M6 hinh co hé dan hoi hai déng co.
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Trong do: T, Ty, Ty, T, 1a mémen dong co,tai; T 1a momen xoan trén truc; Jy, Ja, Jii,
Ji2 1a mdmen quéan tinh dong co, tai; ;, @, ©L;, o, la tbe do dong co, tdc do tai; ¢, ¢y, by,
b, 14 hé s6 cling, hé s6 ma sat nhot cua khop ndi; a,, 1a goc khe ho banh rang; F 1a luc
cang cua dai vat liéu; ry, r, twong rng 1a ban kinh rulo 1, rulo 2; v, v, 1a tde do dai cua dai
vat liéu chay qua. Chi sb 1, 2 tuong tng ctia HTD dong co 1 va dong co 2. Theo [1], [2] ¢6
hé phuong trinh trang thai cia HTD bang vét liéu dan hdi hai dong co:
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u=u, uz]r =lw, o, ]T e R™?; Cac ham f(x,), f(x,), g(x;), g(%,)1a ham phi tuyén
phu thudc vao khe hé banh rang hop sb.
0 khi |x;|<a,
f(x)=1x;,—a, khix;>a, ; g(x)=x,.f(x;); voi f(x;)=

{o khi |x,| <a,
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1 khi x| > ey,
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Heé thdng (1) duogc viét lai thanh:
2,=AZ +A,z,
z,=A,z +A,z, + Bu+d(z,t) 3)
y=Cz
3. TONG HQP BQ PIEU KHIEN LMI-FTSM
bit e=z"Y —z, khi d6 chon mit truot:

S(e)=Ae—A[,Pv(e)) (4)

Trong do, A=[H I] véi H,I lamatrdn4 x 2va4 x 4, v(el):—,o|e1|'7_1 .

Gia sir rang E va k 1a cac hang s6 duong, trong d6 || f (t)|| Sg_"; e|| >k . Néu c6 cac sb
p>0, 1,>0 va p,>0vacacmatran X >0, 0>0, W >0, G>0 va Y voi kich thudc

phit hop dé dép tng cac didu kién LMI tiép theo:

A X+XAT AL Y-Y'AL+Q X <0 5)
X -W
2pA,AL X ¢
{ an L G}o;gllm—Q<0;y21M—W>0;M—%ﬂ2>0 (©)

thi h¢ (3) s& on dinh tiém cin v6i thoi gian hitu han va sai léch e, (¢)|2 k. V6i quy uoc
cac bat dang thirc ma tran c6 dau < 0 13 xac dinh 4m con > 0 1a xac dinh duong.
Chirng minh:

Dé chimg minh diéu kién LMI trén can sir dung 2 bd dé sau:
B6 dé 1 [8]. Cho 2 ma tran hal}ng sO A va B c6 kich thude phu hop, véi bat ky ma tran xac
dinh duong Q > 0, ta c6 bat dang thuc sau:

A'B+B'A<A’"QA+B'Q'B (7)
Hay A'B+B’A-A"QA-B"Q 'B xac dinh 4m hoic bang 0.
B6 dé 2 [9]. Gia st rang ham V(t) duong x4c dinh lién tuc théa man bat ddng thie vi phén sau:
V(t)<—aV (t)-pV'(t) Vtzt, V(t,)=0 (8)
Trong d6 o va B 14 hang s6 duong va 7 1a ty 1¢ cua hai sb nguyén duong 1é véi 1> 7 > 0.
Khi d6, véi bat ky gia tri ¢, da cho nao, V' (z) s& hoi tu vé& 0 trong thoi gian hitu han:
f=t lnaVl_”(tO)Jrﬂ

r 0 0{(1—7]) ﬂ

Pit P=X" va H=YX"', P 12 ma trdn ddi ximg xac dinh duong. Chon ham tng vién
Lyapunov nhu sau:

)

Vl(el)zeITPel :>V1(e1)=elTPé1+é1TPe1 (10)
Tu (3) co:
2,=A,2,tA,z,>¢e-2,=A,2 1A,z

. 11
&= (A, ~HA,)+A,ALPv(e,)+ ¢ (1) (1)
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Trong d6:¢(t)= A, 2,, + A,Z,, —Z,,
Thay (11) vao (10) ta c6:
Vi(e,)=eP[e (A, —HA,)+A,ALPv(e,)]

(12)
+[e,(A, ~HA,)+ A ALPv(e,)] Pe, +e[Pc(1)+c" (1)Pe,
Dua trén bd dé 1, thu duogc cc bat déng thire sau:
e (1)Pe(r)+ <" (1)Pe, (1) <el (1)PQPe, (1) + " (1) Q¢ (1)< .

- )
<e[ (1)PQPe, (1) +¢ 4,,(Q")
Trong d6, Q 1a ma tran xac dinh duong tuy y va 4 (Q‘l) 1a gi4 tri riéng 16n nhét cia

Q'. Thay thé (13) vao (12) theo do:

Vi(e)<el (P(A, ~HA,)+(A, ~HA,) P+ PQP)e1
_ (14)
+ e]TPAIZAlT2Pv(e] ) + VT (e] )PAIZAITZPel + gzﬂ’max (Q71 )
T
V6i [le, |2 k= e}% >1 va v(e,)=—ple |, (14) c6 thé viét lai:
—2
Vi(e,)<el x| PA, ~PA H+AP—(HA,) P+PQP+>- 1, (Q')I e,
: (15)
—ePA,ALPple| + ( ple"” )T PA,A’,Pe,
Gia sir rang cac bat dang thic sau day dugc thoa man:
2pPA,ATP>® >0 (16)
P(A,, ~HA,)+(A,, ~HA,) P+PQP<-W" (17)
Khi d6, (15) c6 thé viét:
-2
I/'1 (el ) < eIT“]_lel + eIT +§€‘_22’max (Q_l )]n—mel - elT(I)_l |e1|77_l
_ _ 2 _
(V) Eet @) (0 e
Trong d6, 4, (.) 1a gid tri riéng nho nhat. Khi d6, (18) c6 thé viét lai nhu sau:
Vl(e])ﬁ—alV](e])—ﬁ]Vl”‘ (el) (19)
—2
(W) @) v,
Véi a, = B=1 (@) ——0H | ip ="
o1 ¢ 1 ( P) B = Ain ( ) A (P) m 2
— —2
Két hop véi (6) c6: 4, (Q) —i—zzm (W)>0e 2, (W) _i_z A (@) 0
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Suyra @, >0.Giast, X =P vanhan X vao trudc va sau cac sb hang ctia (17) ta duoc:
A, X-HA,X+XAT —(HA,,X)" +Q<-XW'X (20)

Pit Y = HX khi d6 tir (20) suy ra duoc (5) va néu co didu kién LMI (6) thi (16) thoa mén.
Tir (19) cho thiy, néu |e, | >k thi ¥, (e, )< 0khi d6 sai léch e, (¢)s€ tién tiém can vé 0, nim

trong vung khong gian €, = {e1 (t) : "e, (t)” < k} v6i thoi gian hitu han ¢, , theo b6 dé 2 1a:
l 0'111/11_771 (t0)+ﬂl
t, = In 21
1 a, (1 =1 ) yis @l

Két lugn: Néu BDK théa man diéu kién LMI da dat ra thi sai léch e, (¢) s& tiém can vé
0 trong thoi gian hiru han.

Cing c6 thé rit ra tr (4) rang e,(f)s€ tién t6i ving lan can 0
Q, = {ez (1) ||e2 (t)” <|H[+ p”AszP”k”"} trong thoi gian hiru han ¢,,. Dé thyuc hién diéu

do6, tién hanh chon luat diéu khién nhu sau:

u(r)=u,(t)-B'u (1) (22)
u,(1)=-B;' [AAZ _ALP dvcgte‘ ) Aid] (23)
u (1)=d- sgn(S(e)) + asgn(S(e))|S(e)|” +7S(e) (24)

v6i o, 7 la cac hing sé duong.
Chirng minh: Chung ta di ching minh véi luat diéu khién da chi ra hé thong sé tién vé
mat trugt (4) va nam trén d6 trong thoi gian hitu han.

Xét ham xac dinh duong sau: 7, (S(e)) = %ST (e)S(e)

7, (5(6)) =57 (e)S(e) =" (e) 7, - AP ) p v

—Mi,, —2,, +d,(2,t))=S" (e)LAAz _A”P dg(g:]) +Bu-Az, +d, (z,t)]
Thay (22) dén (24) vao ta dugc:
7,(S(e)) =S (e)osgn(S(e))[S(e) —S" (€)yS(e)-S" (¢)d2sgn(S(e))+S" (e)d, (z.t)
Viring d, > (d, (z,t))mX nén co:
7, (S(e)) <A, (;/)”S(e)”2 A (0')||S(e) =-a,V,(S(e))- BV (S(e))

Chon a, =224, (7)>0, £, =2""2 2. (5)>0, 7, =(n+1)/2<1. Theo bd dé 2, h¢

théng s& tién v& mat trugt trong thoi gian hitu han ¢, dugc xac dinh nhu sau:

1 ali(S(e(s,)) "+ 5,
= In
a, (1_’72) b

n+1

Voi 7, (S(e(,))) =(1/2)S" (e(1,))S(e(%))
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Két lugn: Tur céc két qua chimg minh trén cho thy céc sai léch e, (¢); e, (¢) s& chuyén
dong tiép can vé ving lan can gdc 0 trong khoang thoi gian hitu han t=t,+t,.
4. MO PHONG VA PANH GIA KET QUA

4.1. Tham s6 md phéng

Trude hét, tinh toan cac tham s6 cua HTD ding dong co khong ddng bod ba pha. X¢ét hai
dong co ba pha roto 10ng soc clia hing Siemens c¢6 cac tham s6 gidng nhau, cu thé nhu sau:

Cong suat Py, = 4kW; L,, = 0,1958(H); L, = 0,202(H) ; L, = 0,2065, R, =1,275(Q); R
=1,663(Q) ; p = 2; ngy, = 1400 v/p; J,, = 7,47. IO'SKgm Ji 2—8 258.10°; ; Ban kinh rulo tai
1, 2 1y, r,=0,03m; Hé $b cu:ng cua vat liéu Cy, =0,4N/m; Hé s6 dan hdi c= =360Nm/rad; Hé
s6 ma sat nhdt b=0,02; Chiéu dai dai bang vat liéu =0,6m.

Dua trén thong sb thuc té cia HTD hai dong co trong phu luc tién hanh chon: 32 =35,
y =20, 0=200,¢c=0.2, k=0.05, 17 =0.6.Tinh todn cic ma tran Al1, Aj,, A21,

A22 ,B1 vaB2.
. [ 1 F,
F,=C,| ro,-ho,| 1+—K
12 12 11 2 rl[ qzl IZJ}

v
BO QUAN SAT HIGH GAIN

X, =u-X, 30X, -X,)

X 1 ~ A ~ S
X, =G EG) +,GR) - rX) [+ 0K -X) |
L

X; =G, {"15‘21 X, (+ !

1 ;¢
X)) |+r—6(X;-X
Cyl ,)} VJL (X5 3)

y=X;

A

2 ulA
X

BO PIEU KHIEN LMI-FTSM

TA o, . [ai[u”(tﬁux(t)Bz'[AAzA;’EPdvd(:')Azd] ]

£ +55gn(S(e))+ZOOSgn(S(e))‘S(e)‘M+205(e) K

? Fiu

Hinh 2. HTP nhiéu déng co véi BPK LMI-FTSM va b quan sat HGO.
Giai diéu kién (5,6) bang LMI toolbox cuia Matlab xac dinh dugc:

0 0
Py 21758 -1.177 e 0 0
S0 o117 217581 | 22.1584 2.1584

—-1.85 1.85

Qua d6, xac dinh duoc luat diéu khién ug. Ciu trac tong thé cua hé théng voi BPK
LMI-FTSM va by quan sat HGO (High Gain Observer) da tinh bay trong [1, 2] dugc trinh
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bay trén hinh 2.

4.2. So' 46 md phéng
So d6 mé phong hinh 3 dugc xdy dung trén cong cu Matlab-Simulink trong do6: dong

co, khdp noi, tai dugc xay dung theo (1). BDK m6 phong theo cong thirc (22).

<]
Gotcd

10 g w ul

— 2

Puke LMEFTSM Control

From16

WMulti-motor System

FEEE YR Y

High gsin Observer

o
o

i

oo
P

|

"
|

Hinh 3. M6 hinh mé phong hé thong va BPK.
4.3. Két qua mé phéng
Truong hop 1: Pap tng luc cing khi khe hé banh ring oy = 0,008 rad (0,458°)

i
-

10

il

Lwccang [N]
-y
~—

—Luyc cang thirc
—Luc cang dat

2 4 6 8
Thoigian[s]

(a)

10
5
z
@
& 0
s}
o
=
i}
-5
—Luc cang thuc
—Luc cang dat
-10
10 0 2 4 6 8 10
Thoigian[s]

(b)

Hinh 4. Dap ung luc cang voi khe ho banh rang oy = 0,008 rad,
tin hiéu vao la ham budc nhay (a) va ham xung (b).
Truong hop 2: Dap tng luc cing khi khe ho banh ring oy = 0,08 rad (4,58°).

10

/

8

“—
/

|

z =z .
5 FR.
g 4 / E [
: el | o ey
0 2 4 6 8 10 0 5 10 15 20
Theoigian[s] Theigian [s]
(a) (b)
Hinh 5. Dap ving luc cang voi khe ho banh rang oy = 0,08 rad,
tin hiéu vao la hang so (a )va ham nhay bdc (b).
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Truomg hop 3: Pap ung luc cing cia hé thong khi xét dén anh huong ciia mémen
quén tinh cta tai

N

z z
— 8f =
g 2
g of §
(&) (=]
el 5
2F 1
—Luc cang dat | | | —Lyc céng dat
0 2 4 6 8 10 0 2 4 6 8 10
Thoigian[s] Thoigian[s]
(a) (b)

Hinh 6. Dap vrng lyc cang voi anh huong cua mémen quan tinh J,=4J (a)
va Jy=4J; J;=J(b).

Trudng hop 4: Dap ung lyc cang khi tai thay d6i ham nhay bac Ty, = 100Nm; Tp, =
50Nm va khi thay d6i d¢ cung ctia bang vat li¢u.

A

_v 10

Luwc cang[N]
Lyccang [N]

—Luc cang dat —Luc cang dat
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian[s] Thoi gian [s]

(a) (b)
Hinh 7. Dap iing liec cang véi dnh hiong cia tdi thay doi (a) va
khi giam hé s6 ciing bang vt liéu C,, =0.3 (N/m)(b).

Nhén xét:

| Bo LMI-FTSM
T Truong hop PQC | Tu(s) | SSXL
1 ay = 0.008, F4 =10N 0 1.2 0
5 oy = 0.008, lyc cang dat 1a ham xung 0 0.8 0
6 og = 0.08, F; =10N 2% 2 0
7 ay = 0.08, lyc cang dat 1a ham Step 8% 2.5 0
11 Ma sat coulomb 0,1; ma sat nhét 0.05 0 4 0
13 Momen quén tinh J =4J 7% 3.2 0
14 Momen quan tinh J; ;=47J; J1,=J 12% 2.6 0
15 TLl = IOONm, TL2 = 50Nm 8% 2.5 0
16 Hé s6 cting bang vat ligu C,, = 0.3 (N/m) 0 1.8 0
5. KET LUAN

Bai béo da trinh bay két qua tong hop BDK LMI-FTSM cho hé co dién nhiéu dong co
co 1iér} hé ma sat, dan hoi. Phan trir}h bay dugc bat dau tir viéc xay dung md hinh co hé,
dat diéu kién LMI, ching minh dieu kién, xay dung mé hinh mé phong, kiém nghiém
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béng phan mém Matlab-Simulink. Qua kiém tra va so sanh véi cac két qua cua cdc cong
b trude day [3-7] cho thiy, BDK di ning cao duoc chét luong cua hé théng truyen dong
nhiéu dong co thong qua céc ti€u chi danh gia, d6 1a: tinh bén vitng v6i nhidu, dam bao
kha ning qué tai vé mdé men, dam bao tot dic tinh dong va dic tinh tinh, dam béao tinh
chinh xac bam.
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ABSTRACT

DESIGN FAST TERMINAL SLIDING MODE CONTROLLER FOR ELECTRIC
DRIVETRAIN MULTI-MOTOR HAVE CONTACTS FRICTION, ELASTIC

The paper presents the results of a fast terminal sliding controller based on
linear matrix inequality for many motor systems with friction, elasticity. The results
surveyed and evaluated by simulation on Matlab-Simulink software show that the
controller ensures the quality requirements in the system under the influence of
nonlinear factors as causing the mechanical structure.

Keywords: Multi-Motor, Terminal Sliding Mode Control, linear matrix inequalities.
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