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Abstract

Sliding mode control (SMC) has been studied and applied in various industrial systems due to its robustness and wide applicability. The
drawback of conventional SMC is that the chattering phenomenon exists in the system caused by the control signal having discontinuous
component. Therefore we have to accept a long system’s transient time to receive a small chattering level. Commonly, the chattering prob-
lem can be overcome by using a saturation function or some other functions instead of the signum function. In order to create a large con-
trol signal during reaching phase and maintain a small control value during the sliding phase, the paper presents a SMC which uses an ex-
ponential function in the switching law. Hence, the system can catch up the sliding surface quickly and to reduce the total settling time.
While the system going on the sliding manifold, the reaching part of the control law preserves a small enough value such that it almost does
not make the chattering degree in the sliding phase. The proposed SMC is applied to the 5-DOF VNR T1 robot. Simulation results per-
formed on the quasi-physical robot model using MATLAB/Simscape Multibody reflect the effectiveness of this approach.
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Tém tit

Diéu khién truot di dwoc nghién ctru va ap dung trong nhidu hé
thong cong nghiép do c6 kha nang ben vimg va 16p dbi tuong rong.
Diém han ché & diéu khién truot truyen thong 1a ton tai hién turong
rung trong hé, do tin hiéu diéu khién c6 thanh phén khéng lién tuc.
Nén khi thiét k& phai chidp nhan thoi gian qua do dai dé c6 do rung
& mirc phtt hop hodc nguoc lai. Thong thudong, d6 rung c6 thé dugc
khéc phuc bﬁng viéc st dung ham ti 1¢ bao hoa hoac mot $6 ham
khac thay thé cho ham x4c dinh ddu. Dé tao ra tin hiéu didu khién
16n trong giai doan tién t6i mit truot va duy tri tin hi¢u diéu khién
nho trong giai doan truot vé géc hé toa d6, bai bao dua ra cach sir
dung ham mii theo bién truot trong luat chuyén mach. Nho @6, hé
thong nhanh chéng bat kip mat truot va lam giam tong thoi gian
qua d6. Khi h¢ ndm trén mat truot, thi thanh phﬁn chuyén mach
trong tin hiéu diéu khién tré v& duy tri & gia tri dit nho dé gan nhu
khong gy ra d6 rung trong giai doan trugt. Bo diéu khién st dung
ham mit dugc ap dung cho robot VNR T1 5 béc tu do. Céc Kkét qua
moé phong dugc thyc hién trén mé hinh vat ly 4o
MATLAB/Simscape Multibody cta robot dd phan anh tinh hi¢u
qué cuia cach tiép can nay.

1. Phan mé diu

Diéu khién truot la mot b diéu khién phi tuyén thudc nhém
cac bd diéu khién cau trac thay d6i VSC (Variable Structure

Controller). Pidu khién VSC va diéu khién chuyén mach
(switching control) da dugc ap dung thanh cong trong nhiéu
linh vyc cong nghiép nhu: diéu khién dong co dién, robot,
tau thuy, hang khong, va cac hé thong co khi khac. Béng
cach két hop vé6i cac phwong phap didu khién khac, diéu
khién VSC néi chung va diéu khién truot noi riéng, ngay
cang dugc nghién ctru va st dung rong rdi. Hién nay da co
nhiéu thuat toan diéu khién véi cac phuong phap khac nhau
4p dung cho tay may robot dang chudi ciing nhu robot song
song dwoc nghién ciru va cong bd. Trong d6, didu khién
trugt voi kha nang bén viing va tinh chét linh hoat trong k¥
thuat chon mat truot (sliding surface), diéu kién truot (slid-
ing condition) van luén thu hit nhiéu huéng nghién ciu
khac nhau. Ly thuyét diéu khién truot co ban cho hé thong
phi tuyén dd duoc trinh bay trong nhiéu tai liéu dién hinh
nhu [1]-[3]. M6t nghién ctru tong hop vé ung dung k¥ thuat
didu khién truot vao linh vuc tay may robot da dugc gioi
thiéu trong bai bdo [4]. Tu do dén nay, cach tiép can diéu
khién truot cho hé thong phi tuyén (trong dé bao gém ca
robot) ngay cang duogc phat trién va mé rong két hop véi cac
ky thuat khac nhu: diéu khién mo [5], mang noron [6], [7],
thich ngh1 [8], mo-thich nghi [9], noron-thich ngh1 [10].
Trong diéu khién trugt thi viéc chon mat truot va didu kién
truot dé dua hé thong tién t6i mat trugt va on dinh 6 d6 la rat
quan trong. Cach chon mat truot, diéu kién truot truyén
théng da dugc trinh bay & [1], [3] ciing nhu nhiéu tai liéu
khéc. Dya vao d6, dd co nhimng nghién ctru tim cach dé xuat
don giadn héa mat trugt nhu [11], hay st dung mat trugt cod
dang mii phan thuc [12]. Nham han ché hién tuong rung xuét
hién trong hé théng diéu khién truot, cach thuong ding 1a
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thay thé ham xac dinh dau bang ham ti 1& bdo hoa cho bién
mat trugt. Bén canh do cling c6 mot s6 dé xuét khac nhu: st
dung ham atan thay thé cho ham xac dinh d4u [13], dung cau
tric didu khién truot bac cao nham han ché rung [14], hay
mo hinh bac hai dé loai bé thanh phan khéng lién tyc trong
tin hiéu diéu khién [15], [16], hodc xem xét hé s khuéch dai
trong diéu kién truot 1a mot ham cia bién mit truot [17].

Muyc tiéu cua nghién ctru duoc trinh bay trong bai bao ndy la
¢b ging lam giam d0 rung ma van giit nguyén thoi gian qua
d6 mong muodn cua hé thong. Do d6, bai bao dé xut st dung
mot diéu kién truot ¢ hé s6 khuéch dai dang ham mi. Hé s6
khuéch dai ctia bo diéu khién truot sé ting-giam theo do 16n
cua bién mat trugt. Trong giai doan tién toi mat truot thi hé
sO ti 18 s& co gia tri 16n dé ting cuong tin hiéu diéu khién
nhim dua hé théng nhanh choéng dat téi mat trugt. Trong
giai doan trén mat trugt thi hé s6 ti 18 s& duoc giam xuéng
mot cach phu hop chi dé duy tri h¢ théng & trén mit trugt
nham han ché hién tugng rung.

Chét luong cua bd diéu khién truot sit dung ham mii s€ dugc
kiém chung thong qua viéc 4p dung cho robot VNR T1 —
mot san phim cia cong ty AKB Viét Nam thudc chuong
trinh nghién ctru dao tao va xay dung ha ting k¥ thuat cong
ngh¢ cao (Hinh 1). Bai bao c6 bb cuc nhu sau: Muc 2 trinh
bay vé cdu trac va thiét 1ap mé hinh dong lyc hoc cua robot
AKB VNR T1. Muc 3 xay dung md hinh vat 1y 4o cho robot
sir dung MATLAB/Simscape Multibody. Mot s6 bo didu
khién truot co ban va bo diéu khién truot sir dung ham mii s&
dugc viét chi tiét & Muc 4. So dd mé phong, cac két qua s&
duoc dua ra & Muc 5. Cac két luan danh gia s€ dugc néu
trong Muc 6.

Hinh 1: Robot VNR T1 cua AKB Viét Nam.

2. M0 hinh dong luc hgc ciia robot AKB VNR
T1

Robot VNR T1 ¢6 5 bac tu do, khéi luong 15kg, kha nang
mang tai 1kg, khong gian 1am viéc ¢6 tim vai t6i da 610mm,
hoat dong véi tdc dd 600mm/s va c6 dd chinh xac lap
0.8mm. Cac khép quay cua robot dugc din dong bang cac
dong co dién servo 24VDC. CAu trac cta robot dugc thé
hién trong Hinh 2. Dya véo quy tic gin cac hé toa do 1én cac
khau, so dd mé ta cac hé toa do nay dwoc trinh bay ¢ Hinh 3,
va 1ap bang tham s6 D-H cho robot trong Bang 1.

1

Hinh 2: Ciu tric cua robot VNR T1.
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Hinh 3: So d gén cac hé toa do khdp cho robot VNR T1.
Bang 1: Bang tham s6 D-H ciia robot VNR T1

Joint i 6; (rad) d; (m) a; (m) a; (rad)
1 q1 d,=0.253 a,=0 a;=T/2
2 q, + /2 d,=0 0.15 a,=0
3 q, — /2 d;=0 0.15 az;=0
4 qa d,=0 a,;=0 /2
5 qs ds=0.157 as=0 as=0

Tir bang tham s6 D-H (Bang 1), ta 1dn lugt tinh cic ma tran
bién d6i thuin nhat T/! gitta h¢ toa do thur i va thiai— 1
cua robot (i = 1,...,5):

¢ 0 s 0 -5, —¢c; 0 —ays,]
o_|s1 0 —¢ O 1_|c —s2 0 ay
i=lo 1 o d, T2 0 0 1 0 @
0 0 0 1 0 0 O 1 1
s3 ¢3 0 azss ¢, 0 s, O
- 0 -—asc sS4 0 —c4 O
T2 = | € 53 363 13 = |Sa 4 2
3 0 0 1 0 +=lo 1 0 o @
L 0 0 0 1 0 0 0 1l
[cs —ss 0 O
0 0
T4 =55 G5 3
*7lo o0 1 ds 3)
L0 0 0 1

trong dé sin (q;), cos (q;), sin (q; + q;), va cos (q; + q;)
lan lugt duge ky hi€u béi s;, ¢, si5, va ¢ (v6i i,j =
1,...,n;n =15). Sau do tiep tuc tinh cac ma trén bien doi
thuan nhét T? giita hé toa do thr i va hé toa do gbe:



Measurement, Control and Automation

g 0s 0 TSy TGy S TS,
TO _ Sl O _Cl 0 TO _ _SISZ _SlC'2 _Cl _Sla2S2 (4)
! 0104/ ¢ =, 0 ay,td
000 1 0 0 0 1
C1C3 —C1S3  S1 —¢1(azS; — €x3a3)
TO = [S1€23 —S1523 —G1 —s1(azs; — cz3a3) (5)
3
Sy3 Cy3 0 a,Cc, + asS,3 +dg
L 0 0 0 1
€132 S1 €153z —(@28; — azcy3)cy
7O = [S1€23¢  —C1  S15234 —(azs; — azcy3)s; (6)
* 0 - + +d
S234 C234 ApC; T 43533 1
L 0 0 0 1 i
C1C34C5 + 8185 —C1Cp3485 +51C5
Tso _ | 51€234C5 — €15 —81C3485 — C1C5
$234C5 —523455
0 0
L 7
G834 G (03023 L) Jr5234015) )

815234 S (5’3023 — a8y +Sy34ds )
—Cp34 —Cp34ds +a35y3 +ay0, +dy

Theo két qua da dugc cong bd trong bai bao [18], dang ma
tran cua phuong trinh dong luc hoc cho robot (8) va cac ma
tran/vector tham sb (9)-(11) s& duoc ap dung va tinh toan ra.

M(@q+Cqqq+g(q =t ®)
trong d6 q = [q1, Gz, .-, qs]” 1a vector bién khép, M € R5*5
12 ma trén quan tinh tong quat hoa, C € R*® 1a ma tran cac
thanh phan ly tdim va Coriolis, g € R® 1a vector thanh phan
luc trong trudng, T € RS 1a vector md men khép.

=2 (mUIY, + TR A R,) ©)

C = %1::(15®q)+— q®1; {— q®1; j (10)
ap\T

= (5) (1)

trong d6 m; 1a khéi luong cia khau i, J%, va J5, € R¥S lan

luot 1a ma trdn Jacobi tinh tién va Jacobi quay cua khau i,
I; € R3*3 1a ma tran inertia tensor cia khau i, 15 12 ma tran
donvi5SXx5,Pla téng thé nang cua robot, & 1a todn tr phép
nhan Kronecker gilta hai ma tran.

3. Mo hinh Simscape Multibody cta robot
VNRT1

Dua trén cac ban vé k¥ thudt cua robot VNR T1 dugc cung
cép boi cong ty AKB Viét Nam, bang cac phin mém thiét ké
CAD 3D chuyén nghiép nhu SolidWork, Onshape, hoac
Autodesk Inventor ¢ thé xdy dung dwoc 'md hinh 3D cua
robot VNR T1 (Hinh 4) v6i cac thong s6 quan trong nhu
khdi lugng m;, vi tri diém trong tdm r;, ma trén inertia ten-
sor I; cta cac khau (biéu dién trong h¢ toa d thu i) xp xi
véi robot that.

Hinh 4: M6 hinh CAD 3D ctia robot VNR T1 x4y dung bing Autodesk
Inventor.

mo = 6.2

29.587 0 -2.49117.512

—98.497 1823 0 0
=| 14.389 [x107,1,=| 0 12602 0 |x10°
12.836

~13.746 13018 1.188 0
my =2.7,r; =|—61.394(x107 I, =| 1.188 12.899 —2.491|x10~

m, =1.65, re,

-13.211 0 0
~90.040 1541 0 0
my=16rc = 0 [x10°I;=| 0 6221 0 |xI0”
45.566 0 0 5789
0 548 0 0
my =0.6,r; =|7.648|x107,1, = 0 521 0 |x10°°
3.651 0 0 302
0 219 0 0
ms=03r, =| -0.962 |x107,I;=| 0 244 0 |x10™°
~71.180 0 0 57

trong do6 cac don vi cua khéi luong, chiéu dai, tensor quan
tinh lan luot 1a kg, m va kgm?. Cac file CAD 3D ciia robot
s& duoc lién két véi MATLAB Simscape Multibody dé tao
ra mo hinh vat Iy do cua robot VNR T1 véi cac dac tinh vat
ly dugc bao toan tuong tu nguyén mau (Hinh 5).

=-_ l :_ U "
—B —B —B

Link1 Link2 Link3

Vo] | F o] | F (]

Gl ey e
Wi t

pyn— =) T

Revolute Jolm 1 HEW‘UIE Joint 2 Hevu\ule Joint 3

i [ |+F

Link5 Link4 ‘

-+
-‘—“LV N .‘—“1 =

Hew\ule Joint 5 Revolute Joint 4

Hinh 5: M6 hinh vat ly ao Simscape Multibody ctia robot VNR T1.
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4. Thiét ké b diéu khién trwgt sir dung ham
mil cho robot VNR T1

Tt phuong trinh (8), do tinh chat kha ddo ctia ma trin quan
tinh tong quat hoa M, ta c6 thé chuyén thanh phuong trinh:

g=M@@) ' (-€C(q9q-9(q +7) (12)
bat lai ky hi¢u cho cac bién nhu sau:

X1 =49

{xz = x =4 (13)
u=7T

Thay thé cach dat bién trang thai & (13) vao (12), thu duoc
phuong trinh trang thai cho robot 1a

X1 =X,
{xz = M(x) ' (=C(xy, x2)x; — g(x1)) + M(x) '
Mat trugt s dugc chon theo [1] c6 dang:
s=(£+a)e=é+ae (15)
trong do a = diag(al-) € R™™ 13 ma trin dudng chéo véi
a;>00=1,...,n n—5) e = X;4 — X4 la vector sai léch
glua quy dao mong mudn X, 4 va dap Umg x,. Ky hiéu diag(e
) biéu dién cho mdt ma tran dudng chéo voi cac phan tir
thugc dudng chéo chinh la “o”. Hé s6 duong a; anh hudng
truc tiép dén toc do trugt vé dlem can bang cta h¢, nén can
chon sao cho phu hop véi yéu ciu thiét ké. Xét diéu kién
trugt S.$ < 0 (Vt > 0) trong d6 ma tran S = diag(s;) €
R™™ véi s; 1a phan tir thtr i cua vector s. Cach chon co ban
cho $ dé thoa man diéu kién trugt 1a sit dung ham xac dinh
dau sgn(.) nhu sau:

$ =—-Ksgn(s), Vi >0 (16)
trong d6 vector sgn(s) € R™ dugc dinh nghia la sgn(s): =

(14)

[sgn(s;),sgn(sy), ...,sgn(s,)]", ma tran K = diag(k;) €
R™™ k; >0,i=1,...,n. Him sgn(s;) dugc md ta boi
17):
-1 khi 5, <0
sgn(s;)=4 0 khi s, =0 17)
1 khi s;>0

Theo cach dat cac bién trang thai, tir cic phuong trinh (14)
va (15)tacod

S=ae+é
=aé+ (%, - %)
=0é+(%, —X,) (18)
=aé+%, -M "' (-Cx, —g+u)

Cén bang hai phuong trinh (16) va (18) thu dugc

0é+%,;, ~M™' (-Cx, —g+u)=—Ksgn(s) (19)
Suy ra bo diéu khién truot co ban la
u=M(aé+X,, +Ksgn(s))+Cx, +g (20)

Luat diéu khién nay c6 chtra thanh phin khong lién tuc
sgn(s;) nén khi hé théng dang & trén mit truot thi ham
sgn(s;) s& lam cho tin hiéu diéu khién bi thing gidng mot
cach dot ngdt gay ra hién tugng rung trong hé. Mot cach
thong dung dé lam giam d6 rung 1a thay thé ham xac dinh
dau sgn(.) bang ham ti 1& bdo hoa sat(.). Khi d6 luat
chuyén mach la

s = —Ksat(s,a), V>0 (21)
trong d6 vector sat(s,a) € R™ dugc dinh nghia 1a
sat(s, a): = [sat(s;/a;), sat(s,/ay), ..., sat(s,/a,)]’ , a; 1a
hang sb duong, va ham sat(s;/a;) dugc mo ta theo (22).

~1 khi s, <-q;

sat(s; /a;) ={-L khi —a, <s; <aq, (22)
a

1 khi s,z a;
Cén bang hai phwong trinh (18) va (21) suy ra bo diéu khién
truot st dung ham ti 1€ bao hoa:

u=M{(0e+X,, +Ksat(s,a)) +Cx, +g (23)

Ham ti 1& bio hoa da lam tdt vai tro han ché hién tuong rung
trong tin hiéu didu khlen nhung chi lam cho hé théng hoi tu
vé mot ving lan cén gbc hé toa do, con ham sgn s& dam bao
hé théng hoi tu vé& khong. Ta déu biét rang, toc do dat t6i
mit truot phu thudc vao hé sé k;. Khi k; ting thi téc do dat
t6i mit truot ting, nhung dong thoi ciing lam cho muc do
rung cia hé thong ting. Ung dung két qua nghién ctru & tai
liéu [19], trong bai bao nay cac tac gia sir dung bo diéu khién
truot ding ham mil ¢6 kha ning lam giam thoi gian tién t6i
mat truot va han ché d6 rung cho robot VNR TI1. Luat
chuyén mach str dung ham mii dugc dua ra nhu sau

§ = -N"'Ksgn(s), V>0 (24)
trong d6 K = diag(k;) € R™", k; >0, N = diag(n;) €
R™Mvoin, = f; + (1 - fle” plsil? ,0<Bi<1,0<p, va
q 1a mot s6 nguyén duong. Bé diéu khlen truot st dung ham
mii thu dugc c6 dang

u= M(aé+ X, +N’11_(sgn(s))+Cx2 +g (25)

Do n; luén duong nén van dam bao tinh 6n dinh cua hé.
Thém vao d6, su thay doi gia tri cta n; theo do 1on cua s; s&
1am thay déi toc d¢ tién vé mat trugt. Khi con ton tai sai léch
I6n, tic 1a |s;| co gid tri lon thi e~Plsil? x4p xi bang 0, nén
(1 — B)ePkil? ciing xap xi bang 0 va dan den n; ~ B;. Két
qua la k; i/mg xap xi bang k;/B; > k;. Néu hé sb B; cang nho
thi téc do tién v& mat trugt cang nhanh Khi hé¢ thong da tién
gan mit trugt va/hodc nam trén mit truot, chi con ton tai sai
léch nhé, tirc 13 |s;| nho xap xi 0 thi e P15il? x4p xi e® = 1,
nén (1 — Be Pl =~ (1 — B;) va dan dén n; hoi tu vé 1.
Kéo theo két qua 1a k;/n; ~ k;. Véi k; duoc chon trude di
nho dé giam thiéu do rung. Viéc sir dung ham mil trong hé
sO ti 16 cua ludt chuyén mach da lam ting chat lugng cua hé
thong hon so voi hé thdng sir dung bo didu khién truot co
ban. That vay, khi chon k; = k; thi hai bo didu khién co
cung mirc do rung nhu nhau nhung téc do dat téi mat truot
ctia bo didu khién truot st dung ham mii s& nhanh hon. Néu
chon k; < k; vak;/B; = k; thi hai bd diéu khién c6 cung toc
d6 dat t6i mat truot, nhung mirc do rung ciia bo didu khién
sir dung ham mil s& it hon. Con néu chon k; < k; va k;/B; >
k; thi bo diéu khién truot sir dung ham mii vira c6 toc do dat
t61 mét trugt nhanh hon vira ddm bao murc do rung nho hon.

v

Interpreted
MATLAB Fcn

v

Sliding Mode Controller

VNR T1V3
Simscape-based Model

Hinh 6: So dd mé phong diéu khién trugt cho robot VNR T1.
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Hinh 7: (a) Pap ng khdp g va (b) sai léch bam e tuong tng véi ba bd diéu khién truot sir dung ham sgn, ham sat, va ham mil exp.
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Hinh 8: Tin hiéu md men T twong tng véi ba bd diéu khién truot sir dung (a) ham sgn; (b) ham sat, va ham mii exp.

5. Mb phéng va cac két qua

Thuc hién mé phong hé thdng didu khién trugt cho robot
VNR T1 bang phin mém MATLAB/Simulink véi so d6 mo
phong dugc mo ta trong Hinh 6. Ba b diéu khién truot: sir
dung ham xac dinh déu sgn & cong thirc (20), st dung ham ti
1€ bao hoa sat (23), va sit dung ham mi (25), s€ lan luot
dugc 4p dung cho robot VNR T1 dé phan tich va so sanh.
Quy dao cua cac goc khdp dat (theo radian) cé dang hinh sin
duoc chon la
Q14 = 2 sin( 2mt)
qrq = Sin(2mt)
qzq = —0.5sin( 2mt)

quq = 0.8 sin(2mt)

qsq = 3 sin(2mt) (26)

Dé thuan lgi cho viée danh gia chit lwong cua cac bo didu
khién truot, ca ba b diéu khién trugt déu c6 chung mot mat
truot (15) véia, = @, = a3 = a, = a5 = 5. Thong s6 cua
bd diéu khién truot co ban st dung ham sgn 1a k, =
100,k, = 80,k; = 40,k, = 40,ks = 90 . Bén canh viéc
dung chung tham s k; voi bo diéu khién trugt co ban, bd
diéu khién truot sir dung ham ti 1& bdo hoa s& co thém tham
s6 a; duge chon laa, =a, =a; =a, = as = 1. Bé lam
nbi bat kha ning han ché d6 rung ma vén ting toc do hoi tu
ctia bo diéu khién truot st dung ham mii, cac tham sb k; va
B; dugc chon nhu sau: k; = 0.5, k, = 0.4, ks = 0.2, k, =
0.2, ks = 0.3, va By = B, = B3 = s = Bs = 0.0015. Hai
tham s6 con lai 1an Iugt 1a p = 30 va g = 2. Cac két qua mo
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phong cho dap umg goc khdp q va tin hiéu mdé men T lan
luot duoc thé hién trong Hinh 7 va Hinh 8.

Chat lugng dap g q va sai léch e dudi su diéu khién cua
bd diéu khién trugt co ban sir dung ham sgn va ham sat gan
nhu tuong duong nhau (Hinh 7). Diéu nay ciing de hiéu vi
chung c6 ciing hé s6 khuéch dai k; dugc chon nén téc d6 6n
dinh 14 nhu nhau. Trong Hinh 7 ciing da thé hién r6 kha ning
tang toc do on dinh cho hé théng cua b diéu khién truot sir
dung ham mii. Pap ung khép bam theo quy dao dat nhanh
hon va véi sai 1éch nho hon so v6i hai truong hop sir dung
bd dleu khién truot con lai. Khi sir dung bo diéu khlen truot
truyén thong thi & khop 2 va khép 3 cua robot van con tdn
tai sai léch du kha nhd (Hinh 7b); nhung véi bd diéu khién
truot dung ham mil thi sai 1éch nay da bi triét tiéu.

Viéc st dung ham xac dinh d4u di lam cho tin hiéu diéu
khién bi rung véi tan s6 cao (Hinh 8a), va rd rang la ham ti
1¢ bio hoa di lam t6t nhiém vy cua minh trong viéc han ché
d6 rung & tin hiéu mdé men cap cho robot (Hinh 8b). Véi
tham s a; da chon cho ham sat, tin hi¢u diéu khién g?m nhu
khong con rung. Trong khoang thdi gian ngén ké tir luc robot
bét dau hoat dong thi sai léch bam con 1én (Hinh 7b), bd
diéu khién truot sir dung ham mii da thé hién rd wu thé cua
n6 khi xudt ra md men 1én dé nhanh chong kéo trang thai
cua bién sai léch vé mat trugt, qua do lam gidm téng thoi
gian qua do cta hé théng. Két qua nay 1a do hé sb khuéch
dai ciia bd diéu khién truot sir dung ham mii lic d6 xap xi
gia tri k;/B; > k; nén tao ra tin hiéu diéu khién 16n hon so
v6i tin hiéu diéu khlen ctia bo diéu khién trugt sir dung ham
sgn cling nhu ham sat.

6. Kétluin

Bai bdo trinh bay vé cach tiép can thiét ké b didu khién
truot st dung ham mi cta bién truot trong diéu kién truot.
Luat diéu khién trugt co ban dua trén cach lya chon didu
kién truot truyén thong 1a chi s dung hé s6 khuéch dai
thuan tay da lam cho yéu cau vé téc do on dinh va yéu cau
han ché hién twong rung bi mau thuan véi nhau. Viéc sir
dung ham ti 1€ bao hoa thay thé cho ham xac dinh d4u di han
ché t6t hién twong rung nhung van chua hd tro rat ngan thoi
gian qua d6 cta hé thong. Bing cach st dyng ham mii trong
didu kién chuyén mach, toc do tién t6i mat truot da dugc cai
thién dang ké dan dén thoi gian 6n dinh cia toan hé dugc
nhanh hon. Thém vao d9, tin hi¢u diéu khién s& dugc duy tri
& gia tri du nhd trong qua trinh truot trén mat trugt, nén hién
tuong rung da dugc han ché dang ké. Bo diéu khién truot s
dung ham mii da thé hién chit luong t6t khi dwa vao diéu
khién mé hinh vat Iy 4o ciia robot VNR T1. Két qua nay gop
phan lam tang kha nang ap dung b diéu khién trugt cho cac
dbi tugng phi tuyén khac.
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