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1. GIOI THIEU CHUNG

Robot song song din dong day cap (Cable-
driven parallel robots) thuoc dang robot song
song, trong do, cac khau, khép cung duoc
thay thé bang day cap dé dan dong cho khau
thao tac. Viéc thay thé cac khau, khop clng
bang ddy cdp mang lai nhiéu wu diém nhu
khéng gian lam viée 16n, két cdu don gian, ty
1€ tai trong/khéi luong cua robot cao, va kha
ning thay d6i cdu hinh cia robot 1a rat tdt.
Loai robot ndy da dugc dugc ap dung rong
rdi trong nhiéu linh vyc nhu nang chuyén,
cttu hd ctru nan... Tuy nhién, sO lugng cac
nghién ctru vé nhém robot nay trong cac tng
dung yéu cdu diéu khién lyc twong tic voi
moi trudng con rat it [1].

Trong nghién ciru ndy, ciu tric didu khién
vong phan hdi kép (double-loop control)
duoc sir dung dé diéu khién dong thoi vi tri
va lyc tiép xuc cta khau thao tac cua robot
song song dan dong day cap. Cu thé, vong
didu khlen ngoai diéu chinh gia trj quy dao
mong mudn ban ddu dé dam bao lyc twong
tac, dya trén sai sé luc twong tac. Vong didu
khién trong diéu khién robot bam theo quy
dao mong mubn mai.

Véi viée két hop hai vong diéu khién,
vong diéu khién luc va vong diéu khién vi tri,
ta co thé diéu khién gia tri luc tuong tac theo
mot phuong nhit dinh, ddng thoi didu khién
vi tri va hudng cua robot theo nhitng phuong
con lai. Pay 1a yéu cau thiét yéu trong cac
ung dung nhu gia cong, lap rap hay bao
dudng cac cAu triic 16n nhu tau bién, toa nha
cao tang. .

2. MO HiNI:I ROBOT SONG SONG DAN
PONG DAY CAP

Mo hinh robot song song dan dong day
cap dugc sut dung trong nghién cuu nay su
dung 8 day, thudc cdu hinh du din dong. So
dd dong hoc cua robot va cac hé truc toa do
duoc thé hién trong Hinh 1. Cac diém treo cb
dinh, B;, thuong dugc dit xung quanh khong
gian 1am viéc ciia robot. Cac diém treo nay
duoc ndi voi cac diém treo trén khau thao
tac, 4;, bang cac day cap.

B.

Hinh 1. Céu hinh robot song song
dan dong ddy cap

Chuyén dong cua khéu thao tac duoc thuc
hién bang viéc thay dbi chidu dai/lyc cing trén
cac day cap can thiét. Vi du, viéc giam chiéu
dai/lyc cang trén day 1, 2, 5, va 6 dong thoi
voi viée tang chiéu dai/luc cang 3,4, 7, va 8
mdt cach phit hop s& 1am khéu thao tac chuyén
dong theo chiéu duong truc Ogxy. Tuong tu,
khi tang chiéu dai/lyc cang day 1, 2, 3, va 4,
ddng thoi giam chiéu dai/lyc cang day 5, 6, 7,
va 8 s€ tang lyc tuong tic ctia khau thao tac
v6o1 mat lam viée (theo phuong Oyzy).
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Vi tri khau thao tac va chiéu dai cac day
dugce thé hién thong qua phuong trinh dong
hoc nguoc

I.=\b,—-r—Ra,. €]

trong d6, /; 1a chiéu dai day tht i, b; va r lan
luot 13 vector toa do diém B; va vi tri khau
thao tac trong h¢ toa do ¢ dinh Opxgvozo, R
14 ma trdn quay gitra h¢ toa do c¢b dinh va hé
toa d Oxyz gan lién v6i khau thao tac. a, 1a
vector toa diém A, trong hé toa d6 Oxyz.

3. CAU TRUC PIEU KHIEN VONG PHAN

HOI KEP

Cau tric diéu khién vong phan hoi kép gom
hai vong phan hdi, vong trong va vong ngoai.
Trong nghién ctru nay, vong ngoai st dung bo
diéu khién lyc. Bo diéu khién nay, dua vao sai
s gitra lyc tuong tac thyuc té va lyc twong tic
mong mudn, s& tinh toan va diéu chinh gia tri
quy dao mong mudn ban dau, Pa- BO didu
khién & vong trong 1a bd diéu khién vi tri. Bo
didu khién nay s& diéu khién robot bam theo
gia tri vi tri mong mudn méi, ps, Hinh 2.
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Hinh 2. Cdu triic diéu khién vong phan hoi kép
cho robot song song ddn dong ddy cap

C6 nhiéu cach lya chon hai by diéu khién
trén. Di v6i bd diéu khién luc tuong tac,
phé bién nhét 1a bo didu khién tro khang
(Impedance Controller), mot luat didu khién
chuyén cho diéu khién tuong tac luc, va cac
bién thé cua n6 [2]. BO diéu khién tro khang
c6 dang:

m,0z+b,0z2+c,6z=0f. )
trong d6: mg, by, cg 1an luot 1a quan tinh, he
sO can nhot va do cimg mong mubn;
of=f-f,1a sai sd lyc twong tac; oz, 6z
vadZ 1a luong diéu chinh theo phuong z, dz,
va dao ham cap 1, cdp 2 cuia no (gia thiét luc
tuong tac mong mudn theo phuong z). Luong
diéu chinh quy dao, dpy, dugc xac dinh

5p =[R[0 0 sz 0 0 0]T 3)

Bang viéc lua chon cac hé sb my, by, Ca, ta
c¢6 thé thiét 1ap mbi quan hé giita sai s luc
tuong tac, df, va luong diéu chinh quy dao,
Sps, mong mudn, qua do thiét 1ap tinh chét
cua tuong tac lyc gitta robot va moi truong.

Déi v6i by diéu khién vi tri, dd c6 nhiéu
nghién ctru vé cac bd didu khién khac nhau
cho robot song song din dong day cap nhu
bo diéu khién trugt va céc bién thé, diu
khién theo phuong phap cudn chiéu, bo didu
khién img dung mang than kinh. ..

Trong nghién ctru ndy, bo diéu khién PID
duogc lya chon cho vong diéu khién vi tri boi
ciu trac don gian, chat lugng tuong dbi tot
[3]. Thuc té, hon 90% céc bd diéu khién trong
cong nghiép str dung bd didu khién PID hodc
bién thé boi tinh hiéu qua cia nd. BO diéu
khién PID trong khong gian lam viéc c6 dang

u:er+KiIedt+Kp%. (4)

trong do, K,,, K;, K; 13 cic ma tran chira tham
s6 cta bd diéu khién, u 1a md men can thiét
tac dong lén dong co dé thay doi chidu dai
day, e = py— p la sai s6 vi tri cia robot so v&i
gi4 tri mong mudn.

4. KET QUA VA PHAN TiCH

Trong phén ndy, cu trac diéu khién vong
phan hoi kép trinh bay trong phan 3 s& duoc
ap dung dé diéu khién robot song song dan
dong day cap duoc mé ta trong phan 2. Cac
thong s6 cua robot va bd diéu khién dugc thé
hién trong Bang 1.

Quy dao mong mudn ban dau 1a quy dao
tron ban kinh 0.15 [m] trong mat phflng Xo=Vo
va hing s6 theo phuong zy:

x=-0,15-cos(0,1-7-1)+0,15 5
y=0,15-sin(0,1-7¢);2=0 ©

Trong vong 10 gidy, tir gidy thi 5 dén gidy
thir 15, lyc twong tac mong mudn voéi mit
lam viéc 1a 20 [N], thoi gian con lai 1a 0 [N].
Céc két qua duoc thé hién trong cac Hinh 3,
4,vas.
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Bang 1. Thong so hinh hoc cia robot
va cac hé so ctia by dieu khién

Théng s6 hinh hoc ciia robot

Khéi lugng khau thao tac: 1.91 kg;
Vi tri cac diém treo trén khung:

Véixg=0.683 m, yg =0.836 m, zg = 0.106 m va

xa =0.0424 m, ya = 0.0212 m, zo = 0.6 m.

Xp Xp X —Xp Xp Xp —Xp —Xp
Ve | Ve 5| Ve o TV |o| TV 2| Ve || VB |o| TVs
LOJLOJL O L0 |z J|lzs]]|lzs ]l 2]
Vi trf cdc diém treo trén khéu thao tac:

[ X4 1 7xAﬁ 7_xA? 7_xA7 I X4 1 7xA7 7_xAﬁ V_xAﬁ

TVa | Va | Ya || TVa | TVa | Va || Ya 5| =Va

0 0 0 0 ]z, |1zl 24 z,

Théng s6 b diéu khién

IC: a=INs’/m B=500Ns/m y=0N/m

PID: K, = [25, 25, 25, 25, 25, 0]";
Ki=[2.5,25,25,25,25,0]";
Ky=1[4,4,4,4,4,0]".
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Hinh 3. Quy dao mong muén
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Hinh 5. Sai so vi tri
trong qua trinh chuyén dong

Tai gidy 5, dé tao luc tuong tac 20 [N] véi
mat lam viéc, quy dao mong mudn theo
phuong z, duoc thay doi boi vong diéu khién
luc. Twong tu, lyc twong tac thay doi tai gidy
thir 15 nho sy thay déi quy dao theo phwong
z, Hinh 3 va 4. Hoat dong ctia bo diéu khién
vi tri duoc thé hién trén Hinh 5. Sai s6 vi tri
duogc duy tri nho (dwéi 5 [mm]). Hau hét qua
trinh, sai s6 vi tri nho hon 1 [mm].

5.KET LUAN

Nghién ctru dé xut cdu tric vong phan hdi
kép dé didu khién dong thoi vi tri va luc
tuong tac cho robot song song dan dong day
cap. Cac két qua thu dugc thé hién tinh hiéu
qua ctia phuong phép va tiém ning Gmg dung
trong thyc nghi¢m.
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