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TOM TAT

Bai bdo nay néi vé viéc sir dung phwong phdp Atlas cdi tién dé thiét ké toi wu robot song song
3RUU. Muc tiéu ciia thiét ké nay la xdac dinh cac kich thudc hinh hoc cua robot sao cho cac chi tiéu
Vé ti sudt chuyén doi liwc va vin toc gitka khong gian khép, khong gian cong tac la tot nhdt. Co tat
cd ba chi tiéu thiét ké dwge sir dung trong nghién ciru nay bao gom dj khéo léo ciia robot, hé sé
truyén van toc toi thiéu va dg ciing vitng. phwong phdp t6i wu hod dwoc ding trong nghién ciru ndy
la phirong phdp Atlas cdi tién. Phirong phdp ndy cho phép chia nhé bai todn da muc tiéu thanh cdc
bai todan don muc tiéu sau do cho”hg chat cdc Atlas ddc tinh dé xdc dinh vung 16i wu. Tinh mdi cia
nghién ciru thé hién ¢ ché tac gid sé thay thé buéc chong chat Atlas bang mét ky thudt co tén goi la
trdi phé, ky thudt nay khéng do hoa cdc déc tinh nhuw phu’ong phdp Atlas goc ma né chong chit gia
tri dai s6 cuia thudc tinh dang khdo sdt trén mot luéi diém xdc dinh truée tren khong gian cong tac
ciia robot. Két qua minh hoa trong bai bao cho thay phwong phap nay co tiém nang ving dung trén
cdc robot song song doi ximg cé s6 tham sé can tong hop dén 4 bién so.

Tir khoa: Robot song song; 3RUU; Hé s truyen van tc t6i thidu; Do khéo léo; Jacobian.
1. MO PAU

Téng hop dong hoc robot song song 1a bai toan dit ra nhiéu thach thirc, didu nay dan dén bai
toan toi vu da muc ti€éu nhu mat sy tat yéu. Khi cau thanh bai toan t6i wu da muc ti€u dya trén cac
chi tiéu hiéu suat lay ma tran Jacobian lam co sé [1-5], bai toan nay c6 ba hudng giai khac nhau
dién hinh la:

- Trén co s cac dd hoa cua thude tinh muc tiéu can toi vu s& dua vao chiéu hudng quan hé truc
quan trén Atlas d€ bién luan chi ra mot di€ém céan bang gitta cac yéu to c6 loi va bat lgi [6-10].

- Chia nho bai toan t6i wu ban dau (da tiéu chi) thanh cc bai todn bé hon va cé cach giai dé
dang hon bai toan goc, ching dugc giai riéng bang Atlas sau d6 dung nguyén ly chong chat dé tim
101 giai cudi cung [6, 11-14 ].

- Giit nguyén bai toan gbc dudi dang mot bai toan 16n, giai bang cac phuong phép thudc nhom
SPEA — II hodc GA [15]. Phuong phap nay c6 uwu diém tinh tong quat kha cao, c¢6 thé ap dung
duogc cho nhicu kiéu robot khac nhau khong han ché so bién toi uu dong thoi cling nhu khong han
ché s0 lugng chi tiéu t6i uu. Tuy nhién do su phl’J:c tap cﬁa giai thuét va chu’orng trinh no it duoc
chap nhan dugc nhu phuong an Atlas trong khi ddy 1a dic diém rét hiru ich trong thiét ke co khi
cua phuong phép Atlas.

Nhom phuong phap thi hai c6 su hop 1y trong cach tiép can do n6 chia nhé bai toan 16n thanh
nhi€u bai toan bé hon, cac bai toan nay dat dugc 101 giai dé hon bai toan goc va khi hoan thanh cac
bai toan nay dan dén 101 giai bai toan goc kha dé dang. B¢ khac phuc viéc phai chong chat nhiéu
Atlas len nhau nham tim ving chap nhan duoc bal bao nay gidi thi¢u k¥ thuat trai phd tham chi
khong can v& cac atlas nhu phuong phap gdc yéu cau.
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2. NOI DUNG CAN GIAI QUYET
2.1. Cc chi tiéu thiét ké
2.1.1. 86 diéu kién va dg khéo léo ciia robot
Goi J la ma ‘grén Jacobian cua robot, B9 khéo 1éo (Dexterity) cta robot 1a mot chi ti€éu quan
trong khi thiét ké robot song song.

<=L, @

2.1.2. Hé s6 truyén vin toc toi thiéu
V& quan hé van tdc gitra hai khong gian (x’, ). Gia st trong khong gian cong tac Oxyz can c6
céc dich chuyén véi van téc don vi theo hudng bat ky mé ta dudi dang mot mat cau ban kinh bang
1 nhu 6 (2):
xT x'=1 (2)
Thay x'=J".q" vao (2) nhan dugc (3):
XIT Xl |T(J—l) J—l [ (3)
2.1.3 Bé citng vitng ciia co cdu
V& quan hé lyc giita hai khong gian (z,F) tich J7.J lai biéu thi mét ellipsoid luc. Gia sir co
mot bd tac dong don vi dudi dang mat cau trong khong gian khop voi ban kinh 1. Khi anh xa sang
khong gian cong tac trong truong hop ba tri riéng cua ellipsoid J'.J bang nhau, ta dugc mot mat
cau. Pay la truong hop 1y tuong nhat. Pho bién hon ta s€ nhan dugc mdt hinh ellipsoid co6 cac tri
rieng 4, =4, #4,.
2.2. Phuong phap Atlas cai tién
2.2.1. Quan hé doi bién sé giita hai khéng gian
Goi cac tham Sf:) két céu‘ ctia robot can tong hop 13 1; (mm) véi i = 1- n va n khéng vuot qua 4.
Céc tham s0 nay dau tién can chuan hod sang dang khong thir nguyén nhu sau:
Goi D la kich thuée nén 14 sb trung binh cong cua céc kich thude do:

R @

S [

Goi 1i 1a tham s chuén hoa cua I tuong tmg va dinh nghia boi (5):

®)

Hinh 1. Thiét ldp khéng gian thiét ké dang mdt chdn.
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Nhu vay, liva D cing thr nguyén nén i 1a khong c6 thir nguyén. Thiét 1ap khong gian t’hiét’ ké
dang mét chan nhu hinh 1, do robot c6 t0i da dén 4 bién s6. Phuong trinh khong gian thiét ké 1a
phuong trinh mat chan ABC duéi dang nhu (6):

L+n+nL+r=4 (6)
Quan h¢ gitra khong gian thiét ké ri va khong gian cong tic Oxyz dugc xac dinh bang cong thirc
chuyén truc (7) dudi day:
[rot(x,35°).rot(y,-45°).trans(z,-4)] *.P,, =P, (7)
2.2.2. Phwong phap trai pho
Nha‘jlm khic phuc cac han ché ciia phuong phap Atlas, phuong phap trai phé c6 ¥ tuong nhu
sau. Dau tién, trong mat phang thiét ke ri tién hanh chia ludi toan bg khong gian d6 thanh cac 6 co
mat déu nhau. Qiém giao cia cac 6 n;‘ty goi‘lé nut c6 toa do ri hoan toan xa',c dinh. Cac ri nay vé co
ban do phép thiét lap khong gian thiét ké déu c6 gidi han voi tiing tham so ro rang:

rimingri Srimax (8)

Theo quan hé d6i bién (7) s& tinh duoc cac gidi han twong Gmg v4i tham sb trong khong gian
cong tac cla robot:
{Xi min < Xi < Xi max (9)
yimin = yi = yimax

Dé thay thé viéc chong chét Atlas nhu cach lam truyén thong, ¥ tuong chia ludi dé chong chat

gia tri nhu thay trén hinh 2 dudi day duoc thiét lap.
Loai chi tigu khao sat
STT Toadonnut A B C D E Téng hang

1 X1 V14 1.7

2 X2 Y2 I 1.6

1.2

1.9

22

1.6

24

n X Yo Zn
1.9

Hinh 2. So do trdi phé khéng dé hoa Atlas.

Trén hinh 2 chi can lay tong céc chi tidu theo hang ngang, do cac chi tiéu thiét ké dugc chuan
hoa d€u bién thién trong [0, 1] nén hang nao cho ra tong dai so cac so0 hang 16n nhat thi twong tng
véi toa dg diém toi uu. Phuong &n t6i wu la phuong an xac dinh tir bang trai pho trén hinh 2 twong
ung voi dieu kién:

1
maX[EJ’_ M1y min _npmin] (10)

Y nghia cta (10) 13 robot khéo 160 nhét, c6 van tdc 16n nhit va co6 do cimg vimg 16n nhét,
Nhing diéu nay can dat dugc trong cuing mét phuong an duy nhat.
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3. THIET KE ROBOT SONG SONG 3RUU

3.1. M6 hinh dong hoc robot
So de ddng hoc cua robot 3RUU nguyén mau thiét ké cua dai hoc Maryland nhu thiy trén hinh
3. B€ c6 dinh ¢ dudi, khop R chu dong, n6 c6 khau twong Gmg v6i b 1a co cau bon khau ban 1¢.
Trén hinh 3 cho thay m6 hinh khai trién ciia mét chan robot 3RUU.
Bing 1. Quan hé giita cdc théng sé va don vi.

Tham s6 két cau thuc Ky hiéu bién twong ving | Ky hiéu bién sau khi chuin hoa
(mm) (mm) dang khong thir nguyén
R: Ban kinh bé tinh Iy r
r: Ban kinh b¢ dong I, r
a: Khau lién két véi bé tinh I3 rs
b: Khau lién két voi bé dong I s
V4
Ci bi*s(t31)

€ o\ B

3 - \/ &

& \

4 \ bi*e(tsi)c(t2i)e(ti)

£

Bi_ ai
L y

Hinh 3. So' d6 déng robot 3RUU.
3.2. Tinh toan cAc chi tiéu thiét ké
Phan bé di dong ung voi tham $6 1o theo muc dich sir dung co thé xac dinh trudc quan hé véi
bé ¢ dinh 1; theo ti s6 L3 =0.75 va do chiing phu thudc nhau nén s€ gitr lai 1 trong mo hinh toan.
1
Luc nay bai toan con 3 4n 1a 1, I3, 14 hay r1, rs, rs sau chuin hoa don vi.
Chon l; = 200,,I2 =150, I3 = 150, I, = 350 1a phuong an xuét phat. Cac dic tinh duoc xay dung
theo phuong an két cau nay.
Chon mo hinh mit chin dudi dang (11):
L+r+r,=4 (11)
Do tinh chat clia co ciu vé diéu kién lap rap, co thé tam thoi xac dinh khoang bién thién ciia
tirng tham s6 nhu (12):
r €[0,4],r, €[0,2],r, €[0,4] (12)
Tién hanh chia ludi toan bo khong gian thiét ké véi kich thudc mét sang 0. 2x0.2 mm nhu hinh
4. Bai toan dong hoc ngugc dugc giai s6 bang phuong phap Giam Gradient tong quat. Qua trinh
nay dugc ty dong lap lai cho tat ca cac diém trong vung lam viéc cua robot bang VBA. Thir diém
(4,4,420) nam trong vung 1am viéc nhu hinh 5. Tat ca luéi diém trén hinh 5 duoc két hop véi cao
d6 z=H =420 (mm).
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Hinh 4. Khéng gian thiét ké sau diéu chinh.
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Hinh 5. Giao dién bai todn dong hoc nguoc va tinh cdc chi tiéu thiét ké.
3.3. Trai phd va téi wu
- Két qua trai phd (trich) cho thiy nhu trén hinh 6:
Toa do diém tdi uu (0.8,0.8,420)

K8 - S|

A B C D E F G H
1 [STT px py pz 1/K Vmin Pmin 1/K+Vmin-Pmin
2
3 2 1 1 420| 0.010578| 4.842028| 23.44523 18.59262537
4 3 1.2 1.2 420| 0.010649| 4.888115| 23.89366 18.99489983
5 4 1.4 1.2 420| 0.010728| 4.951378| 24.51614 19.55403502
6 5 1 14 420| 0.010563| 4.807815| 23.11509 18.29670799
7 6 1.2 14 420| 0.010642| 4.870792| 23.72461 18.84318134
8 7 14 14 420| 0.01072| 4.933839| 24.34277 19.39820748
9 8 1.6 14 420| 0.010799| 4.996926| 24.96927 19.96154268
10 9 1.8 1.4 420| 0.010877| 5.060033| 25.60399 20.5330784
11 10 1.4 1.6 420| 0.010712| 4.916333| 24.17033 19.24328552

Hinh 6. Két qua trdi phé (trich).
Toa d6 diém tdi wu trong khong gian ri lgh()ng thir nguyén 14 (0.8,0.8,420) nhu hinh 6. Chuyén
d61 nguoc lai khong gian xyz nhan dugce diém tuong ing 1a (0.24483, 0.65778, 3.10198).
Twong ing véi: r3 = 0.24483, r4 = 0.65778, r; = 3.10198.

! ,
Theo (2) 1 = hay ;= Di chon D = 200 két hop véi 'I—Zz 0.75.
1
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Két qua tinh toan cudi ciing cho thay trong bang 2 duéi day:
Bing 2. Két qua tinh todn cudi cing ciia robot song song Maryland.

Tham sb két ciu thue Ky hi¢u bién twong img | Ky hiéu bién sau khi chuin ho4
(mm) (mm) dang khong thir nguyén
R: Ban kinh bé tinh I, =620 r.=3.10
r: Ban kinh b¢ dong I, =464 r,=2.32
a: Khau lién két vi bé tinh s = 48 rs=0.24
b: Khau lién két voi bé dong 1, =130 r,=0.65
4. KET LUAN

Cac muyc ti€u cho thay trong bai nay tap trung vao khia canh khong ché ti suét chuyén doi Iuc
va van tc gitra hai khong gian ciing nhu d6 khéo 1éo ctia robot. Py 1a nhimng thong s6 quan trong
d6i voi kha nang 1am viéc ciia robot song song. Viéc thiét ké thye su xdy ra trong khong gian chudn
hoa khong c6 thtr nguyén khic phuc dugc sy khac nhau vé thir nguyén trong ma tran Jacobian.
Khac v6i cac phuong phap tdi wu da muc tiéu khac, phuong phap Atlas tao ra mét tap hop cac lwa
chon kha thi chir khong phai mét nghiém duy nhat nhu phuong phap GA hay SPEA II. Khac vdi
phuong phap Atlas truyen thong, chung t6i da thay d6i viéc chong chat cac d6 hoa dic tinh thiét
ké bang ky thuat trai phd dé tranh phai sir dung cac nhan dinh chil quan cia nguoi thiét ké. Diéu
nay gop phan lam cho thuat toan sau khi cai tién c6 kha ‘nang chay ty dong cao hon so véi trude
khi cai t1en no. Phuong phap nay co thé ap dung cho thiét ké cac robot song song c6 khong qua 4
tham sb can téng hop, nht 1a nhom robot song song ddi ximg trong két ciu.

Loi cdim on: Nhém tic gia cam on sw tai tro vé kinh phi cia Trwong Pai hoc kj thudt cong nghiép cho
nghién ciru nay.
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ABSTRACT
Optimum design of 3RUU parallel robot using improved Atlas method

This article talks about using the improved Atlas method to optimally design the 3RUU
parallel robot. The goal of this design is to determine the geometric dimensions of the robot
so that the indicators of force and velocity conversion ratio between joint space and working
space are best. There are three design criteria used in this study including robot dexterity,
minimum velocity transmission coefficient and rigidity. The optimization method used in this
study is the improved Atlas method. This method allows dividing multi-objective problems
into single-objective problems and then superimposing feature Atlases to determine the
optimal region. The novelty of the research is that the author will replace the Atlas
superposition step with a technique called spread spectrum, this technique does not plot the
characteristics like the original Atlas method but it superimposes representative values.
number of the attribute under investigation on a predetermined grid of points on the robot's
working space. The illustrative results in the article show that this method has potential for
application on symmetric parallel robots with less than 4 variables needing to be synthesized.

Keywords: Parallel robot; 3RUU; Minimum velocity transmission coefficient; Dexterity; Jacobian.
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