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KINEMATIC ANALYSIS OF AN INDUSTRIAL ROBOT USING SCREW THEORY
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TOM TAT

Phwrong phdp mé hinh héa khdu va khép dwa trén théng sé Denavit — Hartenberg (DH)
duwge dé xuat béi hai nha khoa hoc Denavit va Hartenberg, Dai hoc Chicago thuong dwoc si dung
dé gidi cdc bai todn vé dong hoc cia canh tay robot néi tiép. Phwong phdp mé hinh héa ndy cho
phép xdc dinh dwoe méi lién hé giita cdc hé toa do gan trén khdp cia robot. Mot trong nhitng diém
kho khan trong viéc xac dinh thong s6 Denavit - Hertenberg la dat cac hé truc toa do va xac dinh
cau hinh robot & ban dau. Néu vi tri ban dau nay thay doi, thi viéc dat lai hé truc toa dé va tham sé
DH sé thay déi theo. Chinh vi vdy, bai bdo ndy trinh bay phwong phdp gidi bai todn déng hoc thudn
robot néi tiép bang phwong phdp tinh tich céc ham mii tw nhién PoE (Products of Exponentials) dia
trén co sé 1y thuyét truc vit (Screw theory). Mdc div Iy thuyét todn hoc ciia phwong phdp nay phirc
tap hon so véi phwong phdp mé hinh héa khdu va khép theo thong sé DH, nhung viée dét hé truc
toa do cua robot thi don gian hon kha nhiéu.

Tir khoa: Robot céng nghiép; M6 hinh héa; Ly thuyét truc vit; Pong hoc thudn; Mé phong.
ABSTRACT

The Denavit — Hartenberg parameter method proposed by two scientists Denavit and
Hartenberg of the University of Chicago is widely used for solving the kinematics of manipulator.
This method allows to determine relationship between coordinate frames attached to the joints of
the mechanism. One of the disadvantage of this method is determining the initial configuration of
the manipulator and its initial posture changes will cause the motion range of joints and parameters
will be changed accordingly. In this work, the Product of Exponentials based on the Screw theory
is investigated to solve the kinematics of the serial manipulator. Although this method is a bit more
difficult to understand than the DH parameter metthod, it provides a simple process to determine
the coordinate frames and robot configuration.
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1. PAT VAN PE

Theo théng ké trén thé gidi, thi trudng
robot cong nghiép co ty 1¢ ting trudng rat cao,
do chi phi san xuat tay may ngay nay da giam
nhiéu so v6i trudc ddy va nhu cau st dung robot
dé thay thé con ngudi trong cac nhiém vu phirc
tap doi hoi k¥ nang, dd chinh xac cao hoac lam
viéc trong moi truong doc hai cang tang. Chinh
vi vy, van dé hiéu bai toan dong hoc robot dé
ho trg trong viéc tiép can va van hanh robot cua
mdi k¥ su, cir nhan k¥ thuat 1a rit quan trong
nhim dap tmg duoc nhu cdu caa doanh nghiép
v& nhan sy diéu khién va van hanh robot. Dé
lam duogc viéc do, nguoi van hanh phai ndm
virng mo hinh dong hoc cia canh tay robot.
Hién nay, nhiéu phuong phép giai bai toan dong
hoc robot da dugc gidi thi€u nhu phuong phéap
hinh hoc [1], phuong phap sé nhu mang noron
nhan tao [2] va phd bién nhat 1a phuong phap
mé hinh héa thong sé Denavit — Hartenberg
(DH) dugc dé xuét boi hai nha khoa hoc cua
Truong Pai hoc Chicago, My vao nam 1955
[3]. Sau nay, phuong phap md hinh héa DH
nay dugc nhiéu nha khoa hoc nghién ciru hoan
thién hon va duogc ap dung rong rai. Tuy nhién,
viéc dat hé truc toa do cho canh tay robot va
xac dinh bo thong sé DH van con nhiéu phirc
tap. Chinh vi vay, phuong phép “tich cac ham
mil ty nhién” (Products of Exponentials) dua
trén 1y thuyét truc vit da duoc nghién ctu va
ap dung vao giai cac bai todn dong hoc robot.
Nam 1984, Roger W. Brockett [4] 12 ngudi ddu
tién st dung phuong phap nay dé giai bai toan
robot 1dn dau tién. Trong phan dudi day ciia bai
béo, nhom tac gia trinh bay tom tit co s Iy
thuyét va ap dung dé phén tich dong hoc canh
tay robot ABB IRB120.

2.COSOLY THUYET TRUC VIT

Ly thuyét truc vit hay Iy thuyét vit

(Screw theory) 1a mét cong cu toan hoc dung
dé giai cac bai toan vé dong hoc va dong luc
hoc cac hé truyén dong co khi. Nam 1763,
Mozzi 1a nguoi dau tién dé xuat 1y thuyét nay
nhung dén nim 1900, Ball m&i hé théng hoa
thanh 1y thuyét [5]. Nam 1999 va nim 2004,
Tsai va Hunt da phat trién 1y thuyét nay trong
viéc giai cac bai toan dong hoc hinh hoc. Theo
dinh 1y Chales thi bat ctr chuyén dong cua vat
ran c6 thé xem 1a chuyén dong quay quanh mot
truc va tinh tién song song voi truc d6 (Hinh 1),
chuyén dong nay duoc goi 1a su dich chuyén
truc vit (Screw displacement). Trudc tién,
chung ta tim hiéu vé 1y thuyét truc vit ddi voi
hé vat rin tuyét dbi.

V/

Hinh 1. Co s6 Iy thuyét truc vit — Screw theory

Gia sir vat ran A ¢ dinh c6 hé toa do
co s& 1a Axyz va mot vat rin B chuyén dong c6
hé toa d6 Bxyz, khi d6 ma tran biéu dién vj tri
va hudng cua vat ran B dbi v6i vat ran A c6 thé
biéu dién nhu sau:

SE(3) = {[g i’] :RESO3),b € R3} (1)

Trong do, R 1a ma tran quay cua h¢ toa
do Bxyz do6i véi h¢ toa dd Axyz, b 1a véc to biéu
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dién toa d6 cua cua hé toa do B doi véi hé toa
do A, SE(3) dugc goi 1a nhém Euclid ddc biét
thudc nhom Lie, SO(3) la nhom truc giao dac
biét.

Gia st trén vat ran B, ¢o6 toa do diém P
biéu dién bdi véc to Bp, khi do6 toa do cua diém
P doi voi hé toa do Axyz la:

A =RB +b )

Dao ham theo thoi gian phuong trinh
(2), ta dugc:

v, —op+b —adb=w x Ap+b—wxbhb

=wxAptbtbxw 3)
Trong d6, @1a ma tran van toc goc, @
la véc to van toc goc.

Khi d6, mot truc vit (Screw)
§=(wb+bx a)) = (@, V)dugc goi la Twist,
trong d6 V 1a van téc cua mot diém trén vat rin
chuyén dong.

Néu b 1a hing sd, nghia la vat
rin B chi chuyén dong quay, lac dé
V=b+bxw=bxw nén Twist trong
trrong hop nay la &=(w,bxw).

Néu vat rin B chi chuyén dong tinh
tién, khong c6 chuyén dong quay thi @ = 0 va
Twist trong truong horp nay la ¢ = (0,b). Mot
twist & = (w,V) co thé biéu dién dudi dang ma
tran nhu sau:

s _[@ V
§=2 )
0 0
Theo ly thuyét truc vit, ma tran bién d6i
cua vat ran B co6 thé biéu dién dudi dang ma
tran thuan nhat dudi dang ham s6 m:

80 — [ {*; 5'1"] v6i trudmg hop = 0 (5)

Hoac

280 — [ezaa (I—e®)(wxV)+ Qa)cuTV]
0 1

véi trudng hop @ # 0 (6)

Trong do:
e® =1+ @sin(0) + ®*(1— cos(9)),
day 1a cong thirc Euler-Rodrigues.

Gia sir ban dau hé toa do Bxyz ¢6 toa
d6 twong ddi dbi v6i hé toa do Axyz biéu dién
theo ma tran 8, (0). Sau @6, hé toa do Bxyz di
chuyén tinh t1en mot doan 0 hodc quay quanh
mot truc mot goc 6. Khi do, toa do tuong dbi
ctia hé Bxyz ddi v6i hé toa do Axyz la:

Fap(8) = € g, (0) (7)

Néu chung ta ap dung cong thic (7)
cho mot chudi dong hoc n khau lién tiép nhau
nhu canh tay robot ndi tiép thi ta xac dinh duoc
phuong trinh dong hoc robot nhu sau:

gab(ﬂ) = e%lele$2628$363 me%nengab((]) (8)

Trong mot s6 tai liéu thi ma tran toa do
ban dau cua h¢ Bxyz d6i v6i h¢ Axyz g, (0) con

duoc ky hidu 1a €%ab, trong d6 $abla Twist
cua h¢ Bxyz d6i véi h¢ Axyz & vi tri ban dau.

3. PHAN TICH PONG HQC ROBOT
CONG NGHIEP ABB-IRB120

Trong phan nay, nhom tac gia ap dung

Iy thuyét trinh bay ¢ muc 2 dé phan tich robot &
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ABB-IRB120 c6 kich thudc nhu hinh 2. Ta tim
duogc toa do cac diém trén truc khép:

p1 = [0,290,0]7; p, = [0,290,0]; p5 = [0,560,0];

P4 = [302,630,0]"; ps = [302,630,0]"; pg = [302,558,0]"

Véc to chi hudng cua céc truc vit:

sy = [0,1,0]"; s, = [0,0,1]"; 53 = [0,0,1]"

sy = [1,0,0]"; s5 = [0,0,1]"; 56 = [0,—1,0]"

463
302 72

Hinh 2. Hé toa do va kich thudc cua robot ABB
IRB120 (hinh b cung cap boi nha san xuat)

Khi d6, chung ta xac dinh dugc Twist
cua cac khop nhu sau:

¢, =[0,0,0,0,1,0]"; & = [290,0,0,0,0,1]"; &5 = [560,0,0,0,0,1]"

&, = [0,0,-560,1,0,0]"; & = [630,-302,0,0,0,1]": & = [0,0,—302,0,—1,0]"

Va xac dinh dugc ma tran g, (0):

0 -1 0 302
_]10 0 —1 558
0 0 0 1

Tur d6, hé phuong trinh dong hoc robot dugc
xac dinh nhu sau:

gap(0) = 41018202 08363 _._egsﬂsg‘w(g) 9)

Sau khi giai phuong trinh (9), toa do
ctia co cau chip hanh sé& duoc xac dinh. Nhom
tac gia kiém nghiém bang cach thay doi gia tri
goc quay cua céac khép 0. (i = 1-6) va xac dinh
chinh xac toa do6 cua robot nhu thé hién trén
hinh 3.

Tipa i S B el Sl Sabc geler B bl el
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Hinh 3. Két qua mé phong robot
4. KET LUAN

Bai béo trinh bay co so 1y thuyét truc
vit va phuong phép tinh tich cac ham mi tu
nhién PoE dé giai bai toan dong hoc ctia canh
tay robot ndi tiép. Co so Iy thuyét da duoc ap
dung dé giai bai toan dong hoc thudn robot
cong nghiép ABB-IRB 120 ciia hing ABB. Két
qua dugc kiém nghiém va so sanh véi dir li¢u
clia nha san xuat. Ly thuyét trinh bay trong bai
bao 13 co s dé nhom cung cac nha khoa hoc
tiép tuc nghién ctru va ap dung Iy thuyét nay dé
gidi cac bai toan vé mo hinh van tdc, gia tc va
dong luc hoc robot.

Loi cdm on:
Nghién ctru nay dugc tai trg kinh phi

boi Truong Pai hoc Su pham Ky thuat, Pai hoc
Da Ning trong dé tai c6 Ma s6 T2022-06-26. 4
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