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MO HINH VA LOI GIAI SO CHO BAI TOAN PONG HQC ROBOT SONG
SONG BAT POI XUNG NHOM 3URS

Pham Thanh Long, L& Thi Thu Thiy
Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

TOM TAT

Trong linh vyc y khoa, c6 mdt s robot céu tric song song bat ddi ximg c6 dong hoc rat phirc tap.
Nhiing robot nay c6 chirc nang 1a co cau chép hanh cho trj liéu vat 1y, phuc hoi chirc ning hodc
ban may CT (chup cit 16p). Tuy cu triic song song ¢6 uu diém tao ra do ctmg viing co hoc cao, do
chinh x4c cao nhung cau trac song song bét dbi xung 1a nhém ¢6 dong hoc phire tap nhét trong cac
loai robot. Bai bao nay dé cap dén mot robot cau trac song song kiéu 3URS do truong Dai hoc
Hoa Nam, Trung Quoc thiét ké. Tuy két cdu co khi hoan thién nhung viéc khao sat dong hoc cta
ciu trac nay con dé ngo. Trong pham vi bai bao nay chung t6i gidi thiéu mé hinh toan, phuong
phap va cong cu ma chung t6i dé xuat dé chuan bi dir liéu dong hoc cho robot nay. Cac két qua dat
dugc cho thay dé xuét ciia chiing t6i hoan toan phu hop.

Tir khéa: robot song song, cdu triic bat doi xing, 3URS, Bai todn dgng hoc, phiong phip GRG
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MODEL AND NUMERICAL SOLUTION FOR ASYMMETRIC PARALLEL
ROBOT KINEMATIC PROBLEM 3URS

Pham Thanh Long, Le Thi Thu Thuy”
University of Technology - TNU

ABSTRACT

In the medical field, there are a number of asymmetric parallel robots that have very complex
kinematics. The function of these robots is the actuator for physical therapy, rehabilitation or CT
table (tomography). Although the parallel manipulator has the advantage of creating high
mechanical rigidity and high accuracy, the asymmetric parallel structure is the most complex
group of robots. This article refers to an asymmetrical parallel structure robot 3URS designed by
South China University of Technology, Guangzhou, China. The mechanical structure is complete,
but the kinematic investigation of this structure is left open. Within the scope of this paper, we
introduce the mathematical model, methods and tools we propose to prepare kinematic data for
this robot. The results show that our proposal is completely appropriate.
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1. Mé diu

Céc thiét bi co dién tir phi tiéu chuan mang
céu hinh robot ngay nay co rat nhiéu tng
dung trong Iinh vuc y khoa. Chiing cho d¢
cimg vitng cao nén dat do chinh xéac tdt
trong diéu kién mang tai ning. Ciu tric co
khi truyén dong song song du cho phép
diéu khién linh hoat va khong phai str dung
cac dong co cong sudt 1on. Vi muc dich
phat trién mot co cdu phuc hdi chirc ning
ban chan & nguoi phai tri liéu khép chéan,
Pai Hoc Hoa Nam — Trung Qudc di phat
trién mot robot cdu triic song song kiéu
3URS [1] cho muyc dich nay. Tuy nhién cac
tac gia [1] con bo ngod kha ning chuin bi
dir liéu dong hoc cho ciu tric cua ho. Vi
khong tim dugc ddi ching nao tiép tuc

Hinh la. Kéf cdu co khi

cong trinh con bo do, trong bai bao nay
chung t6i dé xuit phuong phap GRG [2] dé
hoan thanh bai toan dong hoc.

Bai toan dugc bét dau theo quan diém riéng
ctia chung toi, tac 13 chuyén n6 vé dang tdi
uu trude khi thuc sy tim 101 giai thay vi giai
bai toan gdc [3]. Phuong phap nay cho thiy
kha ning clia nd trén nhom robot chudi [3]
va trén nhoém robot song song [4]. Tuy nhién
kha ning ap dung trén nhom song song bat
d6i xtng la dicu s& duogc chung t6i kiém
chung ¢ day.

2. M6 hinh toan robot song song 3URS
Hinh 1 cho thdy két cAu co khi cta robot
nay theo dir li€u ciia Pai Hoc Hoa Nam
cung cap:

B zZ

Hinh 1b. So do twong dwong

Hinh 1. Robot cdu triic song song kiéu 3URS.

Goi P(py, Py, P,) 1a toa do ctiia O; trong h¢ quy chiéu Og gbc & trong tim tim cb dinh;

Goi (cos(a), cos(P), cos(y)) 1a véc to cosin chi hudng cta O; gdc ndy & trong tim tam di dong so

voi Oo;

Tach két cau nhu hinh 2b, cac toa d6 mut ciia cc véc to can xac dinh trong hé quy chiéu twong

g bao gdom:

Ay, By, Cy, dy, dy, d3 do toa d6 trong hé quy chiéu O, bing toa do thuc theo két ciu cua no;
A, B, C, e, &, €5 do toa do trong hé quy chiéu O bang toa do thuc theo két cdu ciia no;

Theo hinh 2a, phuong trinh vong véc to qua chan 1 biéu dién nhu sau:

Oyp=0pA+€,+3, +1 + ~Repy (0 + AQ)
E+E+a=@—(@+§)+RRPY-(E+@)

(1)
(2)

Dé tinh téng cac toa d0 & vé trai cta phuong trinh (2), st dung so dd khai trién trén hinh 3.
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Hinh 2a. Vong véc todo qua chan 5o 1 Hinh 2b. Céc diém két cau can do kich thudc
Hinh 2. Vong véc to do qua chdn thit nhdt va két cdu hai tam tam gidc.

C1

|
}
'b
|
o3
-7 XA
-~ | N
L\
Zo ar
yo
Q\
/// [+ ATEEREN
- O2i

Xo
Hinh 3. So do tinh tong vé trai phwong trinh (2)

Cudi cung két hop ca cac toa d 1y thuyét (vé trai phuong trinh 2) va céc toa d thuc (vé phai

phuong trinh (2) theo két qua do duoc) dé c6 phuong trinh khai trién vong kin 1a (3):

[a,.cos(a,,).cos(ay,) + b, .cos(as, — a,,).COS(ay,) + ¢, .SiN(a, — ayy).COS(ar,;)

8,.€05(ry,)-Sin(e,) + b, .cos(ary; — ayy).SiN(exy,) + €, .SiN(aty — yy)-SiN(ery,) |=

L a,.sin(ay,) + by .sin(az, —ay) +¢,.co8(ay; — @)

[p, Xoy cos(p).cos(y) sin(a).sin(p).cos(y) —cos(xr).sin(y) cos(a).sin(B).cos(y) +sin(a).sin(y) | | Xy,

P, [=| Ya | *| COS(B).sin(y) sin(a).sin(B).sin(y) +cos(ar).cos(y) cos(a).sin(B).sin(y) —sin(a).cos(y) [X| Yy,

L P, zZ, —-sin(B) sin(a).cos(B) cos(a).cos(3) Zy
®)

Do tinh bat dbi xung thé hién ¢ kich thude thuc nén phuong trinh (3) van truy hdi duoc, cho chan

thir hai va ba dé nhan duoc hé phuong trinh day du gom 9 phuong trinh mo ta toan b cau tric

noi trén. Chan thu hai:

[a,.c08(ar,,).cOS(1,) + b, .COS(at, — @y, ).COS(aty,) +C, .SIN(cty, — @y )-COS(,)
a,.€038(ar,,).sin(ey,) + b, .cos(a,, — a,,).SiN(ey,) +C, .Sin(ag, — a,y,).Sin(ay,) |=

L a,.5in(a,,) + Db, .sin(a,, —a,,) +C, .cos(a,, — ay,)

[p, Xy cos(f).cos(y) sin(e).sin(B).cos(y) —cos(r).sin(y) cos(r).sin(f5).cos(y) +sin(e).sin(¥) | | X4,

Py [—| Yez |+] €OS(B).sin(y)  sin(a).sin(B).sin(y) +cos(a).cos(y) cos(a).sin(B).sin(y) —sin(a).cos(y) |X| Yy,

L P, z, —sin(p) sin(«).cos(p) cos(ea).cos(f) Zy,

(4)

Chan thtr ba:
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[ 85.€08(aty5)-COS(aty5) + by . COS(ata — y5). COS(5) + Cg ST — 5. COS(;5)
83.€08(@y3)-SIN(0ty5) +05.COS(arg; — @55)-SIN(0ty5) + €5 .SIN( @233 — 25) SIN(ty) | =
| 8,.5IN(ry3) + b5 .SiN(agy — aty3) +C,.COS(Qgy — &y3)
[p, X3 cos(f).cos(y) sin(a).sin(f).cos(y) —cos(a).sin(y) cos(a).sin(f).cos(y) +sin(a).sin(y) | | Xy3
Py || Yes || COS(B).sin(y) sin(a).sin(B).sin(y) +cos(a).cos(y) cos(a).sin(B).sin(y) —sin(a).cos(y) |X| Yqs
L P, Z,, —sin(B) sin(a).cos(f) cos(a).cos(B) Zys

(®)

3. Phan tich va giai bai toan dgng hoc robot 3URS
Thiét 13p bai toan cling cac rang budc trén nén excel dé theo phuong phap sé6 GRG:
o |

A . | ' | |

01753

| A 147746804 2.14543850

Hinh 4. Thiét lap bai toan dong hoc trén Excel
Trong do,
- A/B,C, A, By C;lan luot 1a toa do dAu mut céc chan cua robot tuong ng.
- e, a; b, c;,dila cac tham so chan thir 1.
- Px, Py, Pz, a, B, y tuong trng mo ta vi tri va huéng ctia tam ddng ctia robot.
- 0yj, Ogj, Op; 1a cac goc khdp cua chan thir i, vdi oy, ogi 1a goc khdp chi dong, ay; 1a goc
khép thu dong.
Cac bai toan dong hoc sau dugc thuc hién:

Bang 1. Cdc théng sé dau vao va két qua ciia bai todn déng hoc nguoc.

STT Diu vao Diura Ham muc tiéu F
Px|Py|Pz| a B Y all al2 | al3 | 031 | 32 | o33 | a21 | 022 | @23 :
1|10[{0470 O 0 0 0,2339/0,5339|1,04603,39783,3978-2,7859(1,5182/1,5182/-4,1298| 3,6E-19
2 |10|10/426/0,1753| 0O 0 4,1477-2,135413,96703,5549.3,5549-2,6579(1,26181,2618-4,5010 9,6E-16
3 |10|20/465 0,003 0,105 0 [1,2181|1,1772|1,1931]3,3255/3,3029-2,8089(1,3645/1,4678-4,6195| 3,52E-18
4 |34|2614000 0 10,123/0,295/0,6734(0,0871(2,3809]3,0348/3,0854(-2,7858(0,9215|1,0214}-4,9521] 3,57E-13
5 142|271436/ 0,382 10,112/0,3220,6607|0,5616 |0,6585/3,2128)3,2133}-2,8964(1,0892|1,1667}-4,7839 2,3E-17
6 | 2 |3514520,02850,114/0,001{1,6035}-1,5693/1,5676(3,2777|3,5595-2,8562(1,2427|1,5722}-4,7330| 1,96E-15
7 14211428 0 (0,1180,218[1,2628-2,8530[2,8456/3,2501(3,5186(-2,9247(1,1397|1,4118}-4,9406 3,3E-17
8 |-311141457/0,121 0,142/0,03112,5920-3,58742,74773,2732|3,2734-2,8933/1,1915/1,3067}-4,6071] 1,92E-17
9 |F47-29417/0,1490,031] 0 [3,6085-2,67403,67983,2164i3,2147-2,9246/1,0250/1,0429-4,8717| 1,13E-14
10 [-28-331422/ 0,021 /0,032(0,21614,8309-1,4586/3,6517|3,4065(3,2325/-3,0048)1,2281(1,1440/-5,0092 4,72E-17
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Bai toan ngugc:
Cho trudc 6 thong sd P(px, Py, Pz) va (cos(a), cos(B), cos(y)) md ta vi tri va hudng cua tam di

dong, can tim cac thong s6 oy;, o, Ay

Bai toan thuén:

i =1+ 3 tir hé 9 phuong trinh da biét & trén.

Cho truéc 6 tham s6 o,y 1 =1+3 cantim ay i =1+3, P(py, Py, P,) va (a,B,y) tir hé 9

phuong trinh da biét & trén.

Bang 2. Cdc théng sé dau vao va két qud cia bai todn dong hoc thudn

STT|

Déu vao

Paura

Ham muc

all

al2

al3

a3l

032

o33

Px

Py

Pz

a

p

Y

021

022

0,23389

0,53392

1,04600

3,39777

3,39777

-2,78585

0,00485

0,00098

469,99422

0,00009

0,00002

0,00001

1,51802

1,51805

2,15331| 3,68E-08

4,14775

-2,13544

3,96698

3,55494

3,55494

-2,65791

9,98626

9,98138

425,90763

0,17532

0,00000]

0,00001]

1,26138

1,26138

1,78120| 3,98E-06

0,66070

0,56158

0,65853

3,21276

3,21327

-2,89636

42,10093

27,06141

435,21428

0,10816

0,11272

0,03216

1,08604

1,16367|

1,49471) 0,000704

AW |IN|PF

1,60352

-1,56931

1,56760

3,27768

3,55952

-2,85624

2,00559

35,00895

451,96981

0,02839

0,11429

0,00100

1,24248

1,57232

1,54986| 2,43E-05

Nhu vay, cac két qua di chi ra rang hoan toan
¢6 thé str dung bang phuong phap sé6 GRG dé
giai bai toan dong hoc cho robot song song
bat ddi ximg.

4. Két luan

Xuét phat tir bai toan con dé cua truong Pai
Hoc Hoa Nam, chiing t6i d3 mo6 hinh héa va
giai thir bang phuwong phap sé do ching t6i dé
xudt. Két qua giai bai toan thuan va nguogc
déu hoi tu, viée kiém tra & cdc tu thé dic biét
tién hanh khi giai cho thdy mé hinh va 10i giai
nhan dugc la ding. Nhu vay c6 nghia la
phuong phap va cong cu ma ching toi dé xuat
cho d6i turong hoan toan hop 1y.

Tong két lai phuong phap GRG tng dung
trén bai toan t6i wu khi 4p dung cho robot c6
thé giai dwoc cho robot chudi, robot song
song cau triic dbi xing va bat ddi ximg. Day
la nhan dinh quan trong dé co thé rat ngén
chuong trinh gidng day mén hoc robot cong

nghiép trong truong Pai hoc dya trén cac ludn
cu khoa hoc ro rang.
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