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PIEU KHIEN TRUQT GIAM PQ RUNG CHO ROBOT CONG NGHIEP IRB 120

CHATTERING-ATTENUATED SLIDING MODE CONTROL FOR
THE IRB 120 INDUSTRIAL ROBOT

Lé Ngoc Truc

Truong Pai hoc Su pham Ky thudt Hung Yén; lengoctruc@gmail.com

Tom tat - Ky thuat diéu khién truwot da dwoc phat trién va ap dung
thanh céng cho nhidu dang robot. Han ché cla diéu khién trwot 1a
xuét hién hién twong rung trong hé thdng. Nén nguoi thiét ké phai
can béng gilra hai tiéu chi la thoi gian qua do va mirc d6 rung. Bai
bdo st dung hé s6 khuéch dai bién thién theo ham mi trong luat
diéu khién trwot dé co thé han ché do6 rung va glam thoi gian qua
d6 cua toan hé mét cach tbt hon so voi b6 diéu khién truot co ban
st dung hé sb khuéch dai 1a hing sb. Bo diéu khién trvot st dung
hé sé khuéch dai dang ham mii sé tao ra tin hiéu diéu khién I&n
trong giai doan tién t&i mat trwot 1am tang toc do dat téi mét truot,
va duy tri tin hiéu diéu khién nhé trong giai doan trwot dé& giam do
rung. Cac phan tich ly thuyét va cac két qua mé phang khi ap dung
cho robot cong nghiép IRB 120 da phan anh tinh hiéu qua cua hé
s6 khuéch dai dang ham midi trong bd didu khién trwot.

Tir khéa - Didu khién trwot;
giam do rung

robot cdéng nghiép; ham mg;

1. Phan mé déu

Diéu khién trugt (SMC) 1a mot b diéu khién phi
tuyén thuoc nhom cac bo didu khién khong lién tuc VSC
(Variable Structure Controller). Ly thuyét diéu khién
trugt co ban cho hé théng phi tuyén da duoc trinh bay
trong nhleu tai liéu dién hinh nhu [1]-[3]. Mot nghién ctru
tong hop vé ung dung k¥ thuat diéu khién trugt vao linh
vuc tay may robot da dwoc gidi thiéu trong bai bao [4].
Tu do dén nay, cach tiép can diéu khién trugt cho hé thong
phi tuyen (trong d6 bao gdm ca robot) ngay cang duoc
phat trién va mo rong két hop véi cac k¥ thuat khac nhu:
diéu khién mo [5], [6], mang noron [7], [8], thich nghi
[9], [10], mo-thich nghi [11], noron-thich nghi [12].
Trong diéu khién truot thi viéc chon mat trugt va diéu
kién truot dé dua hé thong tién t&i mat truot va 6n dinh &
do6 1a rat quan trong. Cach chon mat truot, diéu kién truot
truyén théng da duogc trinh bay & [1], [13] ciing nhu nhiéu
tai liéu khac. Dya vao do, da c6 nhitng nghién ctru tim
céch dé xuat don gian hoa mit trugt nhu [ 14], hay st dung
mat trugt cd6 dang mil phan thice [15]. Hién tuong rung
trong hé théng diéu khién truot duoc mé ta 1a hién tuong
xuét hién cac dao dong co tan sb va bién do hitu han trong
hé théng diéu khién. Nguyén nhan chinh 1 do tin hiéu
diéu khién cua bo diéu khién truot bién d6i dot ngdt mot
céch khong lién tuc voi tan sd cao vi co chira ham xéac
dinh dau. Nhiam han ché hién twong rung xuét hién trong
hé thdng diéu khién truot, cach thudng ding 1a thay thé
ham x4c dinh d4u bang ham ti 1¢ bdo hoa sat hoic ham
atan cho bién mat trugt. Tuy nhién, viéc sit dung cac ham
nay c6 nhuoc diém 1a chi dam bao bién truot tién vé mot
vung lan can mat trugt cho khong hoi tu trén mat trugt
trong khoang thoi gian hitu han [1]-[3]. Bén canh do,
cling ¢6 mot sd dé xudt khac nhu: Dung ciu trac diéu
khién truot bac cao nham han ché rung [16], hay m6 hinh
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bac hai dé loai bo thanh phén khoéng lién tuc trong tin hi¢u
diéu khién [17], [18], hodc xem xét hé sé khuéch dai trong
diéu kién truot 1a mot ham cua bién mit truot [19].

Muc tiéu cua nghién ctru duge trinh bay trong bai bao
ndy la b gang lam giam d6 rung xubng mirc mong mudn
ddng thoi van dam bao thoi gian qué do theo yéu cau, tham
chi c6 thé 1am ting téc d6 hoi tu cia hé thong. Do do, bai
béo dé xuét sir dung mot diéu kién truot co hé sb khuéeh dai
bién thién theo dang ham mi. H¢ s6 khuéch dai cua bo didu
khién trugt s& tang-giam theo d¢ 16n cua bién mit truot.
Trong giai doan tién t&i mat truot thi hé s6 khuéch dai s& c6
gia tri 1on dé tang cuong tin hiéu diéu khién nham dua hé
thong nhanh chong dat t6i mat truot. Trong giai doan trén
mit truot thi hé sé khuéch dai s& duoc giam xuéng mot cach
phu hop chi dé duy tri hé thong & trén mit trugt voi mic do
rung du nho. Chét luong cua bo diéu khién truot st dung hé
s6 khuéch dai dang ham mii duogc kiém chimg thong qua viée
ap dung cho robot ABB IRB 120.

2. M6 hinh dgng luc hoc cia robot IRB 120
Robot IRB 120 ¢6 6 khép quay duoc dan dong bang cac
dong co dién servo (s bac tw do n = 6). Cu trac cua robot
[20] va cac hé toa do gén trén cac khau duoc mé ta & Hinh
1, va Bang 1 thé hién cac tham s6 D-H cua robot.
Bing 1. Cdc tham sé D-H ciia robot IRB 120

Jointi | O; (rad) d; (m) a; (m) a; (rad)
1 q1 d;=0,29 a;=0 a=-m/2
2 qy-1/2 d,= a,= 0,27 a,=0
3 q3 ds= a;= 0,07 az=-m/2
4 qs d,= 0,302 a,=0 a,=mn/2
5 qs ds=0 as=0 as=-m/2
6 qe de= 0,072 ag=0 ag=0
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Hinh 1. Cdu triic va cdc hé toa dg khdp ciia robot IRB 120

Trong Hinh 1, cac hé toa d6 0;x;y,z; duoc gin trén
khau i tai vi tri truc khép thir i + 1 theo quy tic Denavit-
Hartenberg: Truc z; dugc dat doc theo truc khop i + 1, truc
x; 1a phap tuyén chung gitra truc khdp z; va z;_4, c6 chiéu
tir z;_; dén z;, va truc y; duge xac dinh theo quy tic ban
tay phai. Trudng hop cac truc khép cit nhau thi truc x;
duogc chon theo tich z; X z;_; hodc z;_; X z;. Truong hop
cac truc khop song song (hodc trung nhau) thi truc x; duoc
chon 1a mot duong vudng goc chung gilra z; va z;_q, €
hudng tir truc z;_, dén z;. Trong Bang 1, q; 1a bién goc
khop, d; l1a khoang cach duge do doc theo truc khép i gitta
hai phap tuyén (phap tuyén giita truc khop i — 1 va truc
khép i; phéap tuyén giira truc khop i va truc khép i + 1),
a; 1a do dai cua phap tuyén chung gitra truc khop i va truc
khép i + 1, a; 1a goc xoan giita truc khop i va truc khép
i + 1 xét trong mit phang vudng goc véi phap tuyén chung
cua chung (chinh la goc tao bai truc z;_; va truc z; voi
chiéu duong tinh theo truc x;). Duya trén céc ban v& ky thuat
CAD 3D cua robot IRB 120 dugc cung cap boi hing ABB
[21], dung phin mém thiét ké co khi chuyén nghiép
Autodesk Inventor dé tao rang budc giita cac khau va hoan
thién mo hinh CAD 3D ciia robot IRB 120. Tir d6 c6 thé
thu dugc cac thong s6 nhu khéi luong m;, vi tri diém trong
tam r,; biéu dién trong hé toa do thir i, va ma tran inertia
tensor I; ctia cac khau xap xi véi robot that.

m, =8.659
[0 19.699 0 0
m =4248,rc =|0054|1,=| 0 14484 0 |10
| 0 0 0  19.952
[-0.169 35.942 0 0
m,=5412,rc =| 0 |l,=| 0 852 0 |[10°
| 0 0 0 57.569
-0.012 17562 0  -1.993
my =4.077,rc =| 0 |[ly=| 0 23140 0 [10°
0.023 -1.993 0  11.589

0 7247 0 0
m, =1.832,r;, =(-0.007 |,I,=| 0 3919 0 [10°
| 0 0 0 5551
[0 1120 0 0
ms =0.755,r; =|0|Is=| 0 1227 0 [10°
0 0 0 0.559
0 2347 0 0
me=0019,rc =| 0 |lg=| 0 2347 0 [10°
| -0.007 0 0 4123

Trong d6, cac don vi cua khdi lugng, chiéu dai, tensor quan
tinh 1an lugt 1a kg, m va kgm?. Bo qua ma sat va cac thanh
phan dong luc hoc ctia co cau chap hanh, phwong trinh
dong luc hoc cho robot cé dang:

M(q)d +C(q.q)q+g(q) =T 1)
Trong 46, q = [q1,q2, -.,qs]” 1a vector bién khop,
M € R®*® |a ma tran quén tinh téng quat hoa, C € R%*° la
ma tran cac thanh phan ly tam va Coriolis, g € R® la vector
thanh phan luc trong trudng, T € R® 1a vector md men dat
vao khép.

6

M= (m(39)" 38 + 3R 1 ) )

i=1

c=Raea+iae)-(Tas)| @

P
o-[%) ?

Trong d6, J, va Jg, € R**® lan luot la ma tran Jacobi tinh
tién va Jacobi quay cua khau i, 1, 12 ma tran don vi 6 X 6,
P la tong thé ning cia robot, ® 14 toan tir phép nhan
Kronecker gitra hai ma tran. Theo cach xay dung mo hinh cho
robot trinh bay trong bai bao [22], m6 hinh dong Iuc hoc (1)
va cac ma tran/vector tham sb (2)-(4) c6 thé dugc tinh toan ra.

3. B diéu khién trwet co ban cho robot IRB 120

Tir phuong trinh (1), do tinh chat kha déo cua ma tran quan
tinh tong quat hda M, ta c6 thé chuyén thanh phuong trinh:

d=M(q) '(-C(q,9)q —g(q@) + 1) (5)
Mat trugt s € R™ dugc chon theo [1] c6 dang:
s=¢é+ae (6)

Trong do, a = diag(a;) € R™™ 1a ma trin duong chéo véi
a;>0(i=1,...,n), e=q,; —q la vector sai léch giira
quy dao mong muén q, va dap tng q. Hé sb dwong a; anh
huong truc tiép dén téc do truot vé diém can bang cua hé,
nén duoc chon sao cho phl hop voi yéu cau thiét ké.
Xét didu kién trugt S.$ < 0 (Vt > 0) trong d6 ma tran
S = diag(s;) € R™" vdi s; 1a phan tir thir i cua vector s.
Cach chon co ban cho § dé thoa min diéu kién truot 13 sir
dung ham xac dinh diu sgn nhu sau:

§ = —Ksgn(s), vVt >0 (7
Trong d6, vector sgn(s) € R® dugc dinh nghia 1a
sgn(s): = [sgn(s;),sgn(s,), ..., sgn(s,)]”, ma tran hé sb
khuéch dai K= diag(k;) e R™™" k; > 0,i =1,...,n.
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Dao ham hai vé ctia phuong trinh (6):
S=aée+é=ae+ (G, —q)
=ae+g,-M'(-Cq—g+1) (@)
Cén bang hai phuong trinh (7) va (8) thu dugc
—M1(—-Cq— g+ 1) = —Ksgn(s) 9)
Suy ra bo diéu khién truot co ban:
T=M(aeé+ g, + Ksgn(s))+Cq+g (10)
Luit diu khién (10) ¢6 chra thanh phan khang lién tuc
sgn(s) voi ma tran K chita cac hé sb k; 1a hang s6, nén khi
hé thong dang & trén mit truot thi ham sgn(s) sé lam cho
md men bi thang giang mot cach dot ngot gay ra hién tuong
rung trong hé. Trong Muc 4, tac gia s€ d€ xuat sir dung hé
s0 khuéch dai dang ham mii trong bd diéu khién trugt nham
lam giam d6 rung.

4. B) diéu khién truwot sir dung hé sé khuéch dai dang
ham mii cho robot IRB 120

Trong diéu khién truot, khi k; ting thi tbc do dat toi mat
truot ting, nhung dong thdi ciing 1am cho mirc d6 rung cia
hé thong tang. Mot nghién ctru thay thé hé s6 khuéch dai
hang k; bang hé¢ s6 khuéch dai bién thién theo ham mii k|
da duoc trinh bay ¢ [23] ¢6 dang nhu sau:

k/(s;) = k; (1—a *®)/ey (11)

Trong d6, k; > 0, 0; > 0, a > 1, va z(s;) la ham lién
tuc, kha vi, thoa man: z(s;) > 0 Vs;, z(0) = 0, dong bién
trong khoang [0, +00), nghich bién trong khoang (—o0, 0],
lim z(s;) = +o0. Véi hé s6 k; mo ta boi (11), trong giai

§j—00
doan tién toi mit truot thi |s;| 16n nén z(s;) 16n, dan dén

a~?60/% ~ 0. Suy ra k] ~ k;. Trong giai trugt s; = 0 nén
z(s;)) = Z(O) = 0, dan dén a7*¢d/% ~ 1. Suy ra k] = 0.
Nhu vay, bang cach chon k; > k; (hoic k; = k; i), ta s& co
hé so k; > k; (hoac k; ~ k;) trong giai doan tién t6i mat
truot nham ting toc do hoi tu cua hé (hodc gilr twong
duong), va trong giai doan trugt s€ c6 hé so khuéch dai
k! ~ 0 nham lam giam hién tuong rung.

Pé van dam bao kha ning twong tw nhu khi dung hé s6
khuéch dai k! ¢ (11) va mé rong them kha nang trong
truong hop ta chi muén ting tbe do tién toi mat trugt con
d6 rung duoc giit twong duong so véi bd diéu khién truot
co ban ding hé sb hing k;, & bai bao nay tac gia dé xut st

dung hé s6 khuéch dai bién thién dang ham mi k(**P:
K
k&) (s) = —(S ) (12)

Trong d6, k; >0, ny(s;) = B; + (1 — BePibsil > 0.
Cac tham s6 duge chon 0 < 8; < 1,0 < p;,va0 <1; EN
dam bao n;(s;) >0 va kl.(eXp) (s;)) > 0 Vs;. Luét chuyén
mach khi d6 tr¢ thanh:

§ = —K©P)sgn(s) = —N"'Ksgn(s),vt >0  (13)
Trong d6, K = diag(k™*) € R™™,
K = diag(k;) € R™", N = diag(n;) € R™". Bo diéu

khién truot st dung hé s6 khuéch dai dang ham mi thu
dugc c6 dang:

t=M(aé+ g, + N"*Ksgn(s)) +Cg+ g (14)

Su thay ddi gia trj ciia n; theo s; s& lam thay dbi k&P
qua d6 1am thay ddi tbc d6 tién t6i mat truot va mic do
rung. That vay, trong giai doan tién t&i mat truot thi sai léch
con 16m, tirc 14 |s;] ¢6 gié tri 16n thi e ~Pisi™ x4p xi bing 0,
nén (1 —BePisit ciing xép xi bing 0 va din dén

~ B;. Két qua 1a k& = k;/n; ~ k;/B; > k;. Trong
giai doan hé thong da tién gan mat trugt va/hodc ndm trén
mit truot, IGc ndy chi con ton tai sai 1éch nho, tirc 1a |s;|
nho xép xi 0 thi e Pilsi"® x4p xi bing e® =1, nén
(1 - BePilsil’ =~ (1 — B,) va din dén n; ~ 1. Kéo theo
k&P = Iy /n; ~ k;. Xét cling mot dbi tuong, gia thiét da
c6 mot bo diéu khién truot co ban véi hé sb k; duge thiét
ké trude tly Y, sau d6 tién hanh thiét k& bo diéu khién trugt
v6i hé sb khuéch dai k™ cho chit lugng 6t hon bo didu
khién truot co ban d6. Duya theo phan tich & trén, c6 thé
chon k;, f; theo mot trong ba céch sau:

e Truong hop 1: Khi chon k; = k; va 0 < §; < 1 thi
hai bo diéu khién ¢ ciing mirc d6 rung twong dwong nhau,
do & giai doan truot: ki(eXp) ~ k; = k;. Nhung tdc do dat
t61 mit truot ctia bo diéu khién truot sir dung hé sé khuéch
dai dang ham mil s& nhanh hon gop phan lam giam thoi
gian qud d9, do & giai doan tién t6i mat truot:
ki(eXp) ~ k;/B; > k; = k;. Day la kha nang b sung hon so
v6i khi st dung hé s6 k] ¢ (11).

e Truong hop 2: Khi chon k; = Bik; va0 < B; < 1 thi
hai bd diéu khién c6 cung tde do dat t&i mit truot, do & giai
doan tién t6i mat truot: kl.(eXp) ~ k;/B; = k;. Nhung do6
rung cua b diéu khién trugt sir dung ham mi s& it hon, do
¢ giai doan truot: ki(eXp) ~k; <k;.

e Trudng hop 3: Khi chon k; va f8; sao cho: k; < k; va
k;/B; > k; thi bd diéu khién truot sir dung hé sb khuéch
dai dang ham mii vira c6 toc do dat téi mit truot nhanh hon
qua d6 lam giam thoi gian qua d¢ (do & giai doan tién tdi
mat truot: ki(eXp) ~ k;/B; > k;), vira dam bao mirc d6 rung
nho hon (do & giai doan trugt: k™ ~ k; < k;). Hoan
toan c6 thé chon duoc k; va f; thoa mén yéu cau cua truong
hop nay, d6 1a: k; = y;k; va B; = ;8 voi 0 <y, f; < 1.
Khi d6 sé co k; < k; vak;/B; = ki/B; > k;.

Nhu vay, theo cach chon cac tham s & truong hop 3
thi bo didu khién trugt st dung hé s6 khuéch dai dang ham

il ki(eXp) c6 kha ning vira lam giam d¢ rung va vura tang
tdc d6 hoi tu ciia hé thdng khi so véi bo didu khién truot co
ban dung hé s6 khuéeh dai k; tuy ¥ cho trude.

5. M6 phong va cic két qua

Thyc hién moé phong hé théng didu khién trugt cho
robot IRB 120 bang phan mém MATLAB/Simulink véi so
d6 Hinh 2. Bo diéu khién trugt co ban (10), va b dicu
khién sir dung hé s6 khuéch dai dang ham mii (14), s& lan
lugt duge ap dung cho robot IRB 120 dé phan tich va so
sanh. Quy dao dat cta cac géc khdp (theo radian) cé dang
hinh sin dugc chon la



14

Lé Ngoc Trac

Gy =0.5+2sin(2zt)  q,q =0.5+2.5sin(27zt)
Oyq =0.5+1.5sin(27t) ggq =0.5+2sin(27t)
O3q = 0.5+sin(2xt) Qgq = 0.5+ 3sin(27t)

i
NO

(15)

Interpreted
MATLAB Fcn

Torque q
dg

Sliding Mode Controller
(1) Basic SMC
(2) Exponential SMC

IRB 120 Robot
Dynamic Model
Hinh 2. So do mé phdng diéu khién truot cho robot IRB 120

Dé thufn lgi cho viéc danh gia cht lugng céc bo diéu
khién truot, ca hai bd diéu khién trugt déu c6 chung mot
mat trugt (B) véia; = a, = a3 =a, = a5 = ag = 5. Bo
diéu khién trugt co ban voi k; 1a ky =k, = ks =k, =
ks = kg = 50. Riéng v6i bo dicu khién trugt dung hé so
ki(eXp) thi s& duoc chon 1an luot theo ba treong hop da néu
& Muc 4 cu thé nhu sau:

e Trudng hop 1: Chon k; =k; va B, =B, =3 =
By = PBs = Ps = 0.4 _

e Truong hop 2: Chon k; = Bik; va By = B, = B3 =
By = PBs = Ps = 0.4 _ _

e Truong hop 3: Chon k; = y;k; va B; = y;B; trong d6
Vi=Y2=V3=Va=Vs=VYe=001VvVap = =p;=
Bs = Bs = B¢ = 0.4. Cach chon nay dam bao k; < k; va
ki/B; > k;.

= = = -Desired joint trajectory —-—-=-- Basic SMC response

Joint angle q, (rad)

Joint angle q, (rad)

2

)

£

o

)

oh

=

<

E

S

» . . .
0 0.5 1 1.5 2
Time (s)

Trong ca ba truong hop trén Gmg véi bo diéu khién truot
dung hé s6 ki(eXp), céc tham sé p; va r; déu duoc chon 1a
p1 =Pz = P3 = Ps = ps = ps = 30 va 1 =1 =1 =
r, =715 =7g = 2. O phan phan tich dudi day, bo dicu
khie}n trugt co ban s& dugc goi 1a “basic SMC”, bo dieu
khién dung hé s6 khuéch dai dang ham mi s& duoc goi la
“Exp SMC case i” (i = 1,2,3) lz§n luot twong ng vadi ba
truong hop chon tham s6. Cac két qua mo phong cho dap
ung géc khap q va tin hiéu mé men T lan luot dugc thé
hién tir Hinh 3 dén Hinh 7.

Chat luong dap ing cua robot IRB 120 khi st dung
“Exp SMC case 1” da tot hon khi st dung “basic SMC”
(Hinh 3), méc du tin hiéu m6é men ¢6 muc d6 rung tuong
duong nhau (Hinh 4 va Hinh 5). Diéu nay 1a do trong giai
doan tién vé mat trugt thi “Exp SMC case 17 ¢6 hé so
khuéch dai 16n hon cta “basic SMC”: k™ ~ k;/B; > ki,
trong khi & giai doan truot thi hé sé khuéch dai dugc giam
xubng xp xi bang nhau: kP ~ k; = k;.

Khi robot 1an Iuot sir dung “basic SMC” va “Exp SMC
case 27, thi"‘E)gp SMC case 2” cq hé s0 khuéch dai trong
giai doan tien vé mat trugt xap xi bang k; cua “basic SMC”:
kS ~ ki /B = (Biky)/B; = ki, va duge gidgm xubng bé
hon k; trong giai doan truot: k™ ~ k; = Bik; < k;. Nén
& hai trudng hop nay, tuy chiing cho ra chét lwong dap tmg
tuong ty nhau (Hinh 3 va Hinh 6) nhung “Exp SMC case
2” ¢6 muc d6 rung nho hon dang ké so véi “basic SMC”
(Hinh 4 va Hinh 7).

Exp SMC response (case 1)

I

N
T

Joint angle q, (rad)

Joint angle qs (rad)

Joint angle 96 (rad)

0 0.5 1 1.5 2
Time (s)

Hinh 3. Quj dao dat q4 Va dap ing q ciia robot khi diing SMC co ban, SMC véi hé s6 khuéch dai dang ham mii (truong hop 1)
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Torque 7 (Nm)

Torque 7, (Nm)

Torque 7, (Nm)

Torque 7, (Nm)

Torque s (Nm)

Torque A (Nm)

100 ; . :
50 §
<
0 o
=
g
-50 e
-100
200
100 §
0 o
=
g
-100 e
-200
0
B
Z
l:s
[}
=
=
e
20k I I L
0 0.5 1 1.5 2
Time (s)

Hinh 4. Tin hiéu mé men t khi sir dung bé diéu khién trueot co bin
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100 S
200 ! ! :
0 0.5 1 1.5 2
100 T T T
E
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50 Lo
(]
=
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0
0 0.5 1 1.5 2
Time (s)

Hinh 5. Tin hiéu mé men t khi sir dung b diéu khién trugt véi hé sé khuéch dai dang ham mii (truong hop 1)
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1
Time (s)

0.5

1
Time (s)
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Lé Ngoc Trac

*Desired joint trajectory —:—-=-- Exp SMC response (case 2)

Joint angle 9, (rad)

T T

Joint angle q, (rad)

Joint angle q (rad)

L L

Hinh 6. Quy dao dat q,4

1 1.5 2

Time (s)

—— Exp SMC torque (case 2)

20
100 ! s
£ 301/
Z
< 50
-
(o]
% 0
& 50
0 0.5 1 1.5 2
T T N T
200 T30} N ]
z —7 120
Z 100 110 ——— 7
o k 0.782
g orbh g\ T
& S,
S 100}
-200 ! ! !
0 0.5 1 1.5 2
T ) A, T
~ 100} .2-—'&7:_\-—.‘ 4
S 1246 1.248
o
=
=
=

0.5

1 1.5 2

Time (s)

Két hop cac uvu diém cua “Exp SMC case 17 va “Exp
SMC case 2” thi “Exp SMC case 3” v6i cach chon tham so

sao cho thu duoc

(exp)
ki

vira c6 gia tri 1on nhu “Exp SMC

case 1” trong giai doan tién v€ mat trugt vira cd gia tri nho

Exp SMC response (case 3)
4 : : :

Joint angle q, (rad)

Joint angle q (rad)

Joint angle e (rad)

4 L L L

Time (s)

va ddp 4ng q ciia robot khi ding SMC véi hé s6 khuéch dai dang ham mi (truong hop 2 va 3)

Exp SMC torque (case 3)

2 0.7t & K

0.6{v

/ 1.08

1.084

Torque 7, (Nm)

#0962  0.966

Torque s (Nm)

X
-
S
w
N

a=on;

Torque 7, (Nm)

Time (s)
Hinh 7. Tin hiéu mbé men z khi sir dung b diéu khién truot véi hé sé khuéch dai dang ham mil (truong hop 2 va 3)

hon ca “Exp SMC case 2” trong giai doan truot. Két qua
mo phong cia “Exp SMC case 3” da thé hién 1 hai uu
diém cua bo didu khién truot ding hé sb khuéch dai dang
ham mii khi so sanh véi “basic SMC”, d6 1a: (1) Kha nang
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tang téc do 6n dinh cta h¢ théng (Hinh 3 va Hinh 6), va
(2) kha nang giam thleu d6 rung ctia hé thong xubng mirc
gan nhu khong con xuét hién (Hinh 4 va Hinh 7).

6. Két ludn

Bai bao cung cip mot cach tiép can thiét ké bo didu
khién truot sir dung hé s6 khuéch dai dang ham mii theo
bién truot trong diéu kién truot. Bang cach nay, toc do tién
t6i mat truot da duge cai thién dan dén thoi gian 6n dinh
ctia toan hé dién ra nhanh hon. Thém vao do, tin hiéu diéu
khién lai dugc giam vé duy tri & gid tri nhé trong qua trinh
truot trén mat trugt, nén hién tuwong rung da dugc giam hon
s0 v6i dung b diéu khién trugt co ban ¢ hé s6 khuéch dai
hang. Bo diéu khién trugt sir dung hé s0 khuéch dai dang
ham mii d cho thay chét luong tot khi ap dung cho robot
IRB 120 thong qua cac md phong s6. Két qua nay gop phan
cai thién chat lugng cta cac hé thong dang su dung diéu
khién truot va 1am ting kha nang ap dung diéu khién truot
cho cac ddi tuong phi tuyén khac. Trong nghién ctru nay,
viéc dinh lugng muc d6 rung dugc giam theo phan tram
chua dugc dé cap. Bén canh d6, khi ap dung vao thuc té
cho robot thi cin bd sung kha niang khang nhiéu va tinh bét
dinh trong tham s& ctia md hinh robot ciing nhu cac kho
khin khac. D6 14 nhitng han ché ciia bai bao va ciing 1a dinh
huéng dé tac gia phat trién hoan thién thuat toan didu khién
truot trong nghién ciru tiép theo.
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