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TOM TAT

Bai bao trinh bayphu’c)'ngphap nghién ciru thiét ké bg diéu khién truot thich nghi két hop véi
mang no ron RBF va bg quan sat trang thdi, cho doz twgng robot cong nghiép ndi chung va
robot han néi riéng; khi cé tinh dén yéu té phi tuyén bat dinh: ma sat, dan hoi, déng hoc cia
déng co chap hanh, tir d6 nham ndng cao chat lwong diéu khién chinh xdc cho robot.

Tir khoa: Robot han; Robot cong nghiép; Didu khién thich nghi truot; Mang no ron RBF; B quan sét trang thai.
1. DPAT VAN DE

Nham néng cao chat luong diéu khién chinh xac cho robot cong nghiép va robot han c6 ke
dén cac yéu tb phi tuyén bat dinh cua hé thong do6 1a: do cung vimng, su bién dang cua h¢, yeu t6
dan hoi, ma sat, khe ho, v.v. cac yeu t6 bat dinh cua nhiéu, cua tai va su thay dbi cac tham s khi
hé thdng lam viéc. Nhimg yéu td nay dugc dé cap trong cac nghién ctru gan day va nhleu nha
khoa hoc trong nudc va thé gi61 quan tam. M6 hinh dong hoc cua hé thong khi xét dén cac yéu to
bét dinh ké trén thuong 1a hé thong phi tuyen, bac cao. Hinh dang cac lyc ma sat, md6 men ma sat
dugc chi ra trén hinh 1 nhu sau, [1-6]:
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Hinh 1. M6 hinh mé men ma sdt phu thuéc vao toc dg: a) Mé men ma sdat Coulomb, b) M6 men
ma sat Coulomb va ma sdt nhot (viscous), c) Mo hinh mo men ma sat Coulomb; d) M6 men ma
sat tong hop: ma sat Coulomb voi ma sat nhot, e) Mo men ma sat LuGre.

M01 mot khdp cua tay may robot dugc gan v61 mét dong co truyén dong riéng biét, khi do,
yeu t6 ma sat, yéu t6 dan h01 ludn ton tai & 6 khép truyén dong hinh 2. Do do, viéc tong hop diéu
khién cho hé thong ludn 1 van d& kho khin dic biét khi xét dén cac anh hudng cua nhiéu loan va
bat dinh, trén thé gidi di c6 nhidu nha khoa hoc quan tim nghién ciru [3, 5, 6-8]. Tuy nhién,
trong cac nghién ctru o [10, 11, 13, 14] chua danh gia day du cac thanh phan bét phi tuyén bat
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dinh, hodc con phai sir dung nhiéu cam bién do va céc thuét toan phuc tap, v.v nén vin dé hoan
thién nghién ctru hé béc cao c6 sy danh gid bu cac thanh phan phi tuyen bat dinh va trong dieu
kién do luong han ché c6 y nghia khoa hoc va tinh thoi su.

Trén hinh 2, tay may robot v&i n khép dan hdi va n khau cé do ctng viing, g, €R" va bién vi
tri dong co truyén dong g, € R", My, 1a thanh phan mé men ma sat trén 6 khop va bo ddi toc,
cac bién dang dan hdi cua cac khau sé khong tdn tai, 40 dan hoi tai khép thtr i dwge mé hinh hoa
bdi mot 10 xo ¢6 d6 cing ki > 0, v, van toc tinh tién cua trong tdm khau thu i; @, van toc goc

cua khau thu 1.

Hinh 2. M6 hinh tong qudt tay mdy c6 xét dén yéu t6 dan hoi.

Trén hinh 2, tay méay robot v&i n khép dan hdi va n khau cé do cing viing, xay dung phuong
trinh Lagrange st dung bién vi tri cia khau g, € R" va bién vi tri dong co truyén dong g, € R",
M 14 thanh phin mé men ma sat trén 6 khop va bo doi toc, cac bién dang dan hoi cua cac khau
s€ khong ton tai, do dan hoi tai khdp thir i duge mé hinh hoa bdi mét 160 xo c6 dd cung ki > 0,
v, van toc tinh tién cua trong tim khau thr i; @, vén toc goc cua khéu thir i.

Yéu t6 phi tuyén bat dinh ma sat, dan hoi, v.v. ludén ton tai & cac 6 khdp cua robot cong
nghiép. Dé giai quyét bai toan diéu khién ddi tugng nay ta str dung phuwong phap diéu khién truot
thich nghi c6 tinh dén thanh phan phi tuyén nay. DPay 1a mot phuong phap diéu khién don gian
song mang lai chat lugng diéu khién cao va da dwoc nhiéu tic gia ap dung thanh céng cho bai
toan diéu khién robot [9]-[12]. Trong bai bao ndy, nhom tac gia dé xuit phuong phap thiét ké bo
diéu khién truot thich nghi cho dbi twong robot cong nghiép. Luét diéu khién duoc tong hop dua
trén nguyén tic diéu khién truot thich nghi, cac thanh phan phi tuyén dugc ude luong bang bo
quan sat trang thai, duoc xap xi bang bang mang noron RBF xap xi voi cac trong s6 dugc hiéu
chinh bang lut diéu khién thich nghi. B diéu khién dugc ap dung cho mé hinh tay may robot
han sau bac tu do, st dung phan mém Matlab Simulink, dé mé phong va danh gia chit luong cua
b0 diéu khién.

2. XAY DUNG MO HINH PONG LUC HQC TAY MAY ROBOT

Viéc xdy dung va thiét 1ap phuong trinh dong hoc robot han, tién hanh theo trinh tu sau: Xéac
dinh cac hé toa do co dinh (OXYZ), 1a hé toa d6 co ban tai diém Og va (OXYZ);, (i=1 + 6) 1a hé
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thong toa do lién két dinh kém th i, [2, 6,38, 14]. Cac bién khdp quay cua robot 12 g;. Khi ta gin
h¢ toa d9 voi cac khau co vai tro rit quan trong khi thiét 1ap cac phuong trinh dong hoc cia
robot. Trong thuc té cac truc ndi khép dong ciia robot thuong song song hodc Vuong gbc voi
nhau, tire 1a roi vao nhimg trudng hop dac biét, nén co thé gdy nhdm 1an. Hon nita, viéc x4c dinh
cac hé toa do can phai phii hop voi ghép bién ddi ctia ma tran A; dé tir d6 ta xac dinh dugc bd
thong s6 dong hoc D-H (Denavit-Hartenberg) ctia robot. M6 hinh dong hoc ctia robot han cong
nghi¢p Pansonic AW 005 véi sdu bac tu do duge mo ta trong hinh 3.
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Hinh 3. Vi tri ban dau ciia Robot hian Panasonic AW-005 véi 6 béc tu do.

Cac théng sb dong hoc theo quy luat D—H, [4,ﬂ5, 14J du’qg trinh bay trong bér}g 1. Dua trén
cac thong s6 dong hog D-H, cac ma tran bién d~6i thuan nhat 6; tr khép mét dén khép 6 cua
robot, (i=1 + 6) c6 thé dugc xac dinh mot cach dé dang.

Bing 1. Théng so dong hoc D-H ciia robot han 6 bdc.

Khau 0; di a; 0 Khé’p robot
1 01 0 ai /2 R
2 0, 0 do 0 R
3 03 0 a3 /2 R
4 0,4 0 ay -1/2 R
5 05 0 ds /2 R
6 06 0 0 0 R

Vi tri va hudng cia diém tac dong cudi dugc xac dinh tir ma tran Ag lién quan dén mot hé toa
d6 co dinh nhu da dé cép trong [2]. V€ chi tiét, ma tran dong nhat bién do6i cua diém cudi cua mo
han dugc tinh nhu sau:

As Z[H1H2H3H4H5H6] 1)

Ta xéc dinh dugc q = [0, 0, 03 04 65 96]7 la vector toa do suy rong tir khép mot dén khép 6 01:13
robotvax = (x y 2)" la vector toa do diém tac dong cua robot han. Cac phuong trinh chuyén
dong ctia dong luc hoc c6 thé dugc xay dung va thyc hién nhu sau:

Ttr m6 hinh dong hoc cta hé théng chuyén dong robot, trong truong hop tong quat robot voi
n bac ty do cé thé dugc xay dung va xac dinh theo phuong phap ti€p can Newton - Euler nhu
sau, [2-6], [8]:
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M(a)d +C(a,d)d +G(a) =u )
trong do6, thanh phan qeR" 1a vector toa do suy rong dén cac khop cia robot, M(g) € R™" la

ma tran quan tinh, C(q,q) € R™*"1a ma tran hé sé Coriolis va lyc hudng tam, G(q) € R" 1a thanh
phan trong luc, u € R"1a thanh phan mémen sinh ra tir dong co chap hanh tai 6 khop.

Trong qua trinh diéu khién bai toan dat ra 1a thiét ké bo diéu khién trén co s& cac phuong
trinh dong luc hoc cua robot sao cho ddm béao cac dai luong dau Ta bam theo gla tri mong mudn

cho trude dudi diéu kién co tac dong nhiéu tir bén ngoai (cic yéu té phi tuyén bét dinh) khong
biet trude. Khi do, ta co:

M; (@ )d; +C; (0.6 )G +Gi(a; )+ Z;(0.0,6) =u, 3)
Vi
Zi(q,q,q):{zn:_Mij(q),qj +[M;(@)- M (g, )]q'i}Jr
J:l,]:tl (4)
+{Z ‘Cij (@,9)4; +[C;i(@,9)-C;(@;.G )]qu}"'[é‘. (@)-Gi(q; ):|
Trong do,
X = X
Xip = F(¢) + 9, (%)u; (%) + hy (%), (5)
Yi =X

trong do, X; 14 trang thai ctia hé théng con thir i va
fi (Xi) = Miil(qi)[_ci (Qi ) ql)ql _Gi (qi)]’
9, (x) = Miil(qi)i (6)
h (x) = M (6,)Z; (9,6, ),
trong do, hi (x) la thanh phan gidi han lién két cac khop, X = [Xa, X2, s xa]" 14 vector trang thai
chira tham s6 phi tuyén bat dinh va nhiéu loan tac dong cia BDK dén cac khép cua tay may.
3. NGHIEN CUU TONG HQP PIEU KHIEN TAY MAY ROBOT

C6 nhiéu cach tiép can dé giai quyet bai toan trong hé truyén dong dién bam dién co véi ddi
tuong robot han khi c6 xét dén cac yéu t6 phi tuyén bat dinh. Tuy nhién, _viéc nghién ctru thiét ké
bd diéu khién trugt thich r}ghl cho robot nhim dam bao tinh chag cpe vé toan‘hoc thl khi do, ta
thuc hién luat thich nghi két hgp bd quan sat, mang no ron, v.v. dé téng hop diéu khién.

O day, ta nghién ctru tinh toan mo phong véi yéu t6 ma sat gidng nhu khop de cta chuyén
dong robot han trén co s¢ thuat toan diéu khién truot thich nghi khi tinh dén yéu t6 ma sat ctia hé
truyén dong da duogc trinh bay ky & tai liéu [12].

3.1. Piéu khién thich nghi trwot khi tinh dén yéu t6 phi tuyén bét dinh

Gia st ddi tuong diéu lghién 1a dang phuong trinh thé hién dudi dang khong gian trang thai
hodc nhu (2), tir d6 ta c6 the tong hop ngay duoc tin hi€u diéu khién u; theo nguyeén 1y di€u khién
truot [2-4], [7]. Muc tiéu cua thiét ké b6 di€u khién truot 1a xac dinh tin hiéu diéu khién sao cho
robot bam dugc quy dao mong mudn, nghia 14 sai léch e -0, & — 0, trong d6 e,,& 1a cac gia
tri sai s6 v& vi tri va vén téc, hay no6i mot cach khac 1a xac dinh dugc tin hiéu diéu khién dam bao
hé thong kin Iudn chuyén dong bam theo mat trugt dugc dinh nghia nhu sau [2]:

€ =X —Xqg (7)
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v6i mat truot luén dam bao diéu kién bang 0. Véi mit trugt (7), nhiém vu thiét ké 1a xac dinh
mot tin hiéu diéu khiéu u sao cho khi cé tiac dong lam cho hé rdi khoi mat truot thi tin hiéu diéu
khién nay lai kéo hé tré vé mit truot. Tin hiéu didu khién truot dugc thiét ké dya trén sy ton tai
ham Lyapunov (CLF) V, cho hé kin trong h¢ truyén dong robot.

Dbi véi mat truot (7) ta chon ham Lyapunov nhu sau [2-4, 8]:

vV, =Vil+%ei2,i =1..n (8)
ta s& co duge V, =V, +€.6,, cu thé la:
vlzel'élzel(xz_xld) ©))

Dé ton tai ché d¢ truot trén mit trugt (7) doi hoi phai théa man didu kién: V, <0,
X, =—ke + %,k >0, khi do, V, =—ke/ .
Dé c6 duge X, =—ke, + %, , ta chon diéu khién 4o nhu sau:
Xoq =—Ki& + Xy, (10)
Dé nhéan dugc X, — X, , st dung dinh nghia sai s6 (7), ta c6 V, =k’ +e,e,. Cudi cing,
bang cach chon ham Lyapunov theo (8) ta s€ nhén duogc:

vn :vn—l + ene-n (11)
Tinh toan va thay thé cac biéu thtc lién quan va lya chon luat diéu khién c6 dang sau:
1
u= B[_ fn—l (X) + X ~ €1 kn Sgn(en)] (12)

Khi d¢, thanh phan V, =—ke7 —k,e5 —... k, .2, —k, [e,|<0.

bé c6 duge (12), ta cﬁp co cqéc gié‘ tri f(x), cac ham nay 1a bat dinh do d6 dé c6 duge céc
thong tin cdp nhat vé bd di€u khién ta can phai st dung phuong phap danh gia.

V6i myc tiéu 1a thyc thi lut diéu khién (12) cho phuong trinh khong gian trang thai thi ham
f(x) va b (ma tran h¢ s0) la yeu t6 phi tuyén bat dinh. Do d96, f(x) co6 thé xap xi bang mang noron,
b dugc gidi han b > E(E > 0) va b ¢6 thé udc lwong bang luat thich nghi.

Khi d6, bd diéu khién truot thich nghi v6i udc tinh thanh phan phi tuyén bat dinh duoc thuc
hién nhu sau: ta dinh nghia sai s6 theo (7) va chon ham CLF theo (8) ta co:

V, =V, +,6, =k} +8,8, +&,(f,(X) + X, —Xy) (13)
Dé nhan duge V, <0, thi ta chon x, =€ —k,e, — f,(X) + X,
V2 = —kzef - kzeg (14)
Dé nhan dugc X, =—€, —K,e, — f,(X) + X, , chon diéu khién a0 nhu sau:
Xaq =& — ko8, — f1(X) + Xoq (15)
Vi fl(x) 1a thanh phan woc luong cta f,(x). Khi 6, dé X, — Xy , dinh nghia sai s6 theo

(7), ta chon ham CLF theo (8) va chon thanh phan x, = —k.e, —€, — f,(X) + X4, ks >0

V; = kel —k,e; —kel +e,(f,(x)~ f,() (16)
Thuec hién c4c trinh tw nhu trén va cudi cung ta co thé chon luét didu khién co dang:
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u:%&ﬁ”unxm—%l—th%ﬂ (17)
khi d6, ham Lyapunov duoc viét lai nhu sau:
V, =—ke? —k.€3 —... —k, [e,]|+e,(f,(x)— f,(x)) +...+,(F, () — f, 1 (X))
Néu f,(x) = f,(0),., F, 0 () = . (¥) thi V, = —ke? —k.e7 —...—k, [e,| <0.

Thuc hién thlet ké luat xap xi yeu t6 phi tuyén bét dinh véi sai s6 nho tuy y, ing dung mang
no ron RBF dé xap xi ham phi tuyén noi trén. Tir biéu thirc (17) ta str dung cau triic mang no ron
huéng tdm voi cdu trac gdm ba 16p: 16p vao, 16p ra va 16p an, [2, 3, 11].

T P .
fi(X)=W'h; +¢;, i,j=1+n-1 (18)
Trong d6, X VéC to ddu vao ctia mang no ron; i sd no ron dau vao cua 16p vao; j 1a sé no ron
16p an, thanh ph?m WiT,i =1+n-1 la gia tri trong sb mang no ron dugc cdp nhat online,
W] <W, va [e] :”[gl 82,...8n_1]T||<8m sai s sap xi, h; =[hh,,...h,] 1a s6 dau ra cia 16p én.
Khi d6, ta dinh nghia ham:
f00 =W, (19)

Trong do, V\AliT 1a gié tri trong s6 udc lugng. Ta dat thanh phan Z nhu sau:

0 0
W, . W,
Z= 2= § (20)
W”‘l Wn—l
véil|z|. <2z, Z=Z- Z . Binh nghia ham Lyapunov nhu sau:
1 51 a5y, 1 ~
\Y =Vn +Etl’(Z I Z)+§77b (21)

Trong do: V, =%§T§,n >0 véic=[e e, ... en]T vab=b-b.
Véi I' 1a ma tran xac dinh duong c6 kich thudc phu hop, chon luat thich nghi:
Z =The" —ar |2 (22)
Véi h=[0 h h, ...hnfl]T ,a 1a mot s6 duong, va b(0) >b . Vi phan (21), sau do tinh toan va
bién d6i, khi d6 ta dugc:
V =&K&+ & e +ald|tr(ZT (2 - 2))+Be,u—b) (23)
DéamnﬁoB@N—mbsmd&gﬂwnﬁummdémkyQUmg(N)mdmnmm6>g,m
c6 thé xay dung luat thich nghi cho b nhu sau [2]:
n'eu,if eu>0
b=1{yeu,if e u<0andb>b (24)
nt, if eu<Oandb>b
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Theo bat ding thirc Schwarz ching ta c6 tr(Z'(Z-2))< HZHF |Z]|. —HZHZF . khi
Kimin ||.)§||2 <EKE, K, 1a gid trj nho nhat ciia K. Khi d9, ta co:
V <Ko [+ + all[2], 121 ~|2]E )+ <=l Ko -2+ 2], (2], ) -2 ) (25

Tu do, ta co:

2
Ko b1 0+ @[22, 20 )=l + o 2] 52 | -2 25)
Diéu nay noi 1én rang, V <0 thoa mén véi diéu kién:
Y22
o> ™ e 2], >z, ¢ B @)

min

3.2. B Quan sat trang thai

Dbi voi robot han cong nghiép, ludn 1a cac phuong trinh hé thong bac cao. Tir phuong trinh
dong hoc diéu khién, dugc bién ddi dua vé dang mong mudn dé thiét ké bod ude lwong. Khi do,
viéc tong hop diéu khién ta can nhiéu thong tin vé cac bién trang thai, néu st dung cac cam bién
(6 vi tri cac khép cuia robot han) thi s& gay cong kénh cho hé thong va lam ting chi phi san xuét
thiét bi. Vi vay, dé giam thiéu do ludng co y nghia quan trong. Gia thiét 13, ta chi do duoc gié tri
vi tri ciia hé thdng, ta can thiét ké bo quan sat dé udc luong gia tri van tdc cua ching. Khi do, so
d6 cau tric bo diéu khién trén két hop véi bo quan sat trang thai c6 dang nhu hinh 4.

/ X3 Xgpeens X4
Mang [e—
noron RBF <X2’X4‘
B6 quan ‘Xi
f ' sat
X n
o BO dieu o Robot
X Xa ol khién "
bT Luat thich
nghi -t

a)

Hinh 4. a) So do cdu triic bg diéu khién trieot thich nghi véi mang no ron RBF va bé quan;
b) Cdu triic mang no ron Xdp xi ham phi tuyén.
B0 quan sat trang thai duoc thiét ké nhu sau [2, 11]:
s 4 -
R=h (% - R)
(28)
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O day, x va R la gia tri bién trang thai va u6c luong cta ching, a (i=12,...,n) duoc chon
nhu sau s" +a,s" "' +...+a,5+a, =0 la da thirc Hurwitz.

Phuong trinh (28) dugc thoa man véi diéu kién sau:

T N (e A
Iglirgxi_x t),i=12,..,n (29)
Véi ¢ dugc thiét ké nhu sau [6]:
1 100t°, 0<t<l _ _
—=R= hoac
£ 100, t>1
1 e O<t<
—=R= 1+e 14e 7’ = Ty , Voi u, A, va 4, la gia tri duong
¢ 4, t>t

Trén co s thuat toan da xay dung luat diéu khién thich nghi dung dé huan luyén mang RBF
la don gian va dé dang thuc hién ky thuat diéu khién nay. Do chinh x4c cta phép xap xi phu
thudc vao viée lya chon cac tham sb bo didu khién sao cho bao phu dugc hét dai bién do cua cac
dai lugng phi tuyén bat dinh.

4. NGHIEN CUU MO PHONG, PANH GIA KET QUA VA THAO LUAN

Sau khi nghién ctru tinh toan, thuat toan va mo hinh hoa hé théng dé diéu khién hé thong truyén
dong voi cac thuat toan duoc trinh bay nhu trén va nhu & [12]. Thong sé md phong cho hé thong
bao gém. Robot han Panasonic AWO005 c6 sau bac ty do vdi sau dong co servo kich tir nam cham
vinh ctru: khép mot (khdp dé) dong co 1,1 kW; tde do 3000 vong/phut; p = 4; md men quan tinh
1.5.10* kgm? md men ma sat nhét 0,0001 N.m.s/rad, khép hai va khép ba sir dung hai dong co
750 W, khdp bon str dung dong co 400 W, khép nam va khép sau sir dung hai dong co 200 W.

Trwong hop 1: Nghién ctru tinh toan md phong voi yéu t6 ma sat voi khép dé cua chuyén
dong robot han trén co so thuat toan diéu khién téc do truot thich nghi khi tinh dén yéu td ma sat
ctia hé truyén dong dd duoc trinh bay ky ¢ tai liéu [12]. O day, ta nghién ciru mé phong danh gia
kha ning lam viéc, phan g cua hé thong trong qué trinh khéi dong va ham, khi téc do thay doi,
md men tai khong doi. Két qua nhu sau:
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Hinh 5. Pdp ing téc d6 va mé men: a) Téc dé dat wqy va toc dé thuc w cia dong co;
b) M6 men dat M| va mé men woc luong M L truong hop 1.

Khi tbc do dat wg béng 100 vong/phut twong tng véi tbe do dat 20.9 rad/s véi thoi gian dat
gia tri can bang t; = 0.035 s dén t, = 0.5 s thi toc d¢ ddo chiéu xuong -20.9 rad/s nhu trén cho
thdy, bd quan sat phy tai M, lam viéc 6n dinh cung cip diy du thong tin vé phu tai cho BPK,
hinh 5. Trén hinh 6b sai s6 bam sat thé hién rd qué trinh thay doi téc d¢. Pap ung dong dién i,

46 T.D. Chuyén, ..., N. V. Hii, “Néng cao chit lwong diéu khién ... yéu to phi tuyén bit dinh.”



Nghién ctru khoa hoc cong nghé

mic du thay doi tai thoi diém t; = 0.035 s VA t, = 0.5 s nhung van dat gia tri can bang khoang 0.5 A
hinh 6a. C6 thé thiy, toc do udc lugng luén bam sat gid tri dit ca & ché do thay doi toe do va o
trang thai [am véc on dinh. Hon nita, & ché do qua dog, dap ung bo quan sat cling cho dap tng voi
thoi gian kha nhanh.
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Hinh 6. Gid tri sai sé va dong dién: a) Sai $6 bam sdt theo téc dd;
b) Dap vng dong dién isy truong hop 1.
Truong hop 2: Nghién ctiru md phong véi b diéu khién vi tri (khép d€) theo BPK toc do
trugt thich nghi ¢ vong trong (v6i truong hop 1) c6 tinh dén yéu to phi tuyén la ma sat. O day

nghién ctru mé phong khi phan ung cta hé thong v6i vi tri goc dit vao thay doi theo quy luat
ham X, = V.t, (V = 1rad/s) mé men tai khong do6i bang 5 Nm.
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Hinh 7. Ddp g vi tri: a) Pdp g vdo ra theo goc,
b) Bo quan sat mé men tai M ; M L truong hop 2.
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3) Thoi gian (s) b) Thoi gian (s)

Hinh 8. Gid tri dong dién va sai s6: a) Pdp iimg dong dién BPK vi tri isq,
b) Sai 56 bam sat theo géc ¢ truong hop 2.
Khi goc dit vao 1a X, = V.t thoi gian dat gia tri cAn béang nho, sai s6 bam sat bang khong
trong khoang thoi gian day du thong tin v€ phu tai cho b di€u khién.
Truong hop 3: M6 phdéng bd dicu khién thich nghi trugt vdi mang no ron xap xi véi yéu to
phi tuyén bat dinh 1a dan hoi dugc nghién ciu md phong véi véi khop ndm va khop sau cua
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robot. C4c tham sb cuia tay may robot st dung cho mé phong duoc chon nhu sau: 1s = Ig =
0.2(m); ls = lg = 0.1(m); ms = 3.2(kg), me = 2.7(kg), g = 9.81(m/s’) va tham sb
Kes = K =100+ 30c0s(0.5t)(Nm/rad), M, =0.
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Hinh 9. Vi tri goc va sai s6 khép 5 cia truong hop 3: a) Vi tri géc ciia khép 5;
b) Sai s6 bam sdt vi tri khop 5.
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Hinh 10. Vi tri géc va sai s6 khép 6 cia truong hop 3: a) Vi tri géc cia khép 6;
b) Sai s6 bam vi tri khép 6.
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Hinh 11. Gid tri wéc lwong khdp 5 va 6 cia truong hop 3: a) Udc lwong vin toc khép 5;

4 5 6
Thoi gian (s)

b) Ubc lwong vin toc khép 6.
- Béi véi khép 5: Gia tri vi tri goc ludn bam sat gia tri dit va sai sb cuia khop nho (nhu hinh
9). Sai sb trung binh 1a 0.023066 (rad), sai sé x4c 1ap 16n nhat 14 0.034 (rad), thoi gian quéa d6 1a
0.32s (hinh 9a va hinh 9b).
- Dbi v6i khép 6: Sai s6 trung binh 1a 0.020622 (rad), sai s6 xac lap 1on nhat 1a 0.03 (rad),
thoi gian qua d6 12 0.19 s (hinh 10a va hinh 10b).
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Hé 6n dinh, vi tri cta cac khop tay may dd bam theo vi tri dat sau mot khoang thoi gian dudi
0.32s.

Bo diéu khién d}IQC mo phdng trong & trudng hop 3, ta nhan théy, chét luong diéu khién cua
hé thong lam viéc on dinh lugong ra bam sat lugng dat, sy dao dong cua vén toc khop va dong co
da giam.

Truong hop 4. M6 phdng thuét todn giong nhu truong hop 3 nhung vdi dir li€u nhu sau:

Kes = K. =100+ 30c0s(0.5t)(Nm/rad), M, =3(Kg).
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Hinh 12. Vi tri géc va sai s6 khép 5 ciia truong hop 4: a) Vi tri géc ciia khdp 5;
b) Sai s6 bdam vi tri khép 5.
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Hinh 13. V; tri géc va sai s6 khép 6 ciia trwong hop 4: a) Vi tri gée ciia khdp 6;
b) Sai s6 bam vi tri khop 6.
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Hinh 14. Gid tri wéc hrong khdp 5 va 6 ciia truong hop 4: a) Udc heong vén toc khép 5;
b) Uéc lwong vin toc khép 6.
- Béi voi khop 5: Gia tri vi tri goc luon bam sat gia tri dat va sai s6 ctia khép nho (nhu hinh
12). Sai s6 trung binh 1a 0.029563 (rad), sai s6 xac 1ap 16n nhat 1a 0.044 (rad), thoi gian qua do 1a
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0.419 s (hinh 12a va hinh 12b).

- Pbi v6i khép 6: Sai s6 trung binh 13 0.027122 (rad), sai s6 xac 1ap 16n nhat 1a 0.039 (rad),
thoi gian qua d6 1a 0.416 s (hinh 13a va hinh 13b).

Hé 6n dinh, vi tri cua cac khép tay may da bam theo vi tri dat sau mot khoang thoi gian dudi
0.419s.

Két qua mo phong thé hién trong bén truong hop cho thay, véi thuat toan diéu khién truot
thich nghi dugc dé xuét cho chit lugng bam quy dao dat tot, sai 1éch bam nho, kha ning khang
nhidu tot. Hon nita, tin hiéu goc ciia khép da bam theo gia tri dit 1a tin hiéu bién thién theo hinh
sin. Mac du bac ctia hé théng 16n nhung hé da on dinh voi cac thuat toan dugce dé xuat véi sai sb
bam sat nho. Sai s6 bam sat vi tri chi xdy ra tai thoi diém chuyén doi trang thai cua tin hiéu dat,
diéu nay 1a phu hop voi dic tinh dan hdi cua khép; so véi bo diéu khién duge dé xuit trong [13,
14], sai ) nay nho hon, diéu do chung té bo diéu khién duoc dé xuét da mang lai chét luong
diéu khién cao. Gia trji xdp xi ham bét dinh, bién trang thai ctia b diéu khién duoc sir dung mang
no ron va by quan sat trang thai. Tir d6 da udc lugng dugc gié tri cia cac ham bat dinh nham
cung cép day du thong tin chinh xac vé diéu khién. Vi vy, thuat toan tong hop da mang lai sy on
dinh cho hé thong, cac bién trang thai di bam theo gia tri dat sau mot khoang thoi gian nhat dinh.

5. KET LUAN

Bai bao da nghién ctru tong hop diéu khién bam sat cho hé phi tuyén, c6 yéu tb phi tuyén bat
dinh (ma sat, dan hoi) va nhiéu loan trén co s& phuong phéap két hop diéu khién truot thich nghi,
bu thanh phan bat dinh ding mang noron RBF, bd quan sat trang thai. Pay 1 mot hudéng nghién
ctru cho phép néng cao chat luong lam viéc cia cac hé truyén dong dién bam dién co robot cong
nghiép. Két qua cu thé da xay dung dugc md hinh diéu khién bam vi tri khép quay cua tay may
robot v&i lién két dan hoi cta khép c6 tinh dén dong hoc ciia dong co chép hanh, yeu t6 ma sat
v6i robot han sau bac st dung dong co servo kich tir bang nam cham vinh ctu. Két qua mo
phong cho thiy, mic du bac cua hé thong 16n, nhung v6i thuat toan da tong hop dam bao dugc
su hoi tu ciia gid tri vi tri va van toc cua tay may theo gia tri dat sau mot khoang thoi gian nhat
dinh, ttr 46 da nang cao duoc chét lugong diéu khién chinh xac cho robot v ung dung trong san Xuét
cong nghiép.
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ABSTRACT

Improving the quality of precise control automatic
welding robots with nonlinear uncertainties

This article presents a research method to design an adaptive sliding controller

combined with an RBF neural network and a state observer for industrial robots in
general and welding robots in particular; when taking into account the uncertain
nonlinear factors: friction, elasticity, kinematics of the actuator, thereby improving the

quality of precise control for the robot.

Keywords: Welding robot; Industrial robot; Adaptive sliding mode control; RBF neural network; State observer.
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