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Tom tat

Cdc diém ky d; trong khéng gian lam viéc cia cac
cau triic dong hoc mach kin hay cac robot song
song la vdn dé thu hat rat nhiéu sy quan tam,
nghién cizu vi nd la nguyén nhan ddn d@én mat kha
nang diéu khién chuyén déng do sw thay doi dét
Ngot (tdng, gidm) vé sé bdc e do Ciia co cdu néu
roi vao cdau hinh ky di. Trong bai béo nay, tac gid
trinh bay viéc xdc dinh cdc diém ky dj va ving lan
cdn cua chang trong khéng gian lam viéc cua cac
chudi d@éng hoc phang mach kin bang phirong
phap tiép cdn mdi duwa trén goc &p luc. Bén canh
do, phwong phap nay ciing cho phép danh gia
chat lwong cac ving hoat déng trong khong gian
thao tac cia cdc co cau phang nay thong qua chi
so truyén chuyén dong (motion transmission
index). Phirong phdp dwoc minh hog bang viéc
phdn tich co cau 4 khau ban lé, robot song song 2
bdc tir do. Céc két qua phan tich vé diém ky di
ciing nhuw ldn cdn cua chang rdt ¢é y nghia va
dwoc coi nhu la bude dau tién trong viéc thiét ké
ciing nhir diéu khién cdc co cdu déng hoc.

T khoéa: Robot song song, dong hoc, mach kin,
ving lam viée, diém ky di, goc &p luc, motion
transmission index.

Abstract

Singular configurations in the workspace of
planar closed-loop mechanism or parallel robot
attracts intensive attention of researchers since
this is the direct cause of uncontrolled
phenomenon as the sudden changes (gain or lose)
in the degree of freedom (DoF) of mechanisms
when then they encounter these configurations.
This paper presents a novel method to identify
singular points and their neighbors in the
workspace based on pressure angle. In addition,
this method also allows us to evaluate the
performance of the areas in the task space

through motion transmission index (MTI). The
method is demonstrated by 2 examples with a
four-bar linkage mechanism and 2 DoFs parallel
robot. The results shown are important and being
used as the first step in the design and control of
the closed-loop mechanisms.

Keywords:  Parallel  robot,  kinematics,
closed-loop, workspace, singularity, pressure
angle, chi sé truyén chuyén dgng.

1. Giéi thiéu chung

Robot song song va céc chudi dong hoc mach kin
ngdy cang dugc sir dung rong réi trong thuc té do
nhitng vu diém vuot troi cia né so véi cac canh tay
robot c¢éng nghiép truyén thong. Nhiing lgi thé ndi
bat nhu do cang viing lén, d6 chinh xac cao, kha
nang chiu tai 16n ciing nhu téc do di chuyén nhanh
cua khau thao tac gitip robot song song dugc Gng
dung trong cac day chuyén san xuat thyc pham, thiét
bi y té hay cac thiét bi md phong bay,... Tuy nhién,
ching lai c6 nhuoc diém vé khong gian 1am viéc nho,
d6 linh hoat thap khi so sanh véi céc robot cénh tay
(robot chudi hd) c6 cung kich thuée [2]. Hon nita,
mot Van dé rat quan trong trong nghién ctru cac cau
trac dong hoc kin nay dé 1a viéc ton tai cac diém ky
di (singular points) trong vung lam viéc caa ching.
Khi robot hoat dong va di qua cac diém nay c6 thé
xay ra hién twong mat diéu khién do thay dbi dot
ngot s bac tu do (ting hodc giam) ciia co cau. Vi
vay, nghién ctru vé cac diém ky di cling nhu ving 1an
can dugc dic biét chi y trong thiét ké ciu trac cua
céc robot song song. Viée xac dinh cac diém nay c6
thé thuc hién bang céch phan tich ma tran Jacobian
hoic dua trén ly thuyét xoin ¢ (screw theory). Tuy

SO 63 (8-2020)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-
nhién cac phuong phap nay ciing c6 nhirng nhuogc
diém nhat dinh. D6i voi phuong phap ma tran
Jacobian, viéc tim nghiém cua dinh thac ma tran &
dang giai tich chi cho ta dugc cac diém ky di cu thé
va khdng phai luc nao ciing giai dugc do dac tinh cua
cac phuong trinh phi tuyén [3]. Trong khi dé ly
thuyét xoan dc di tong quéat ap dung dugc cho nhiéu
loai cau tric va cho phép xac dinh cac ving lan can
cta diém ky di nhung lai khong dugc sir dung rong
rai trong thuc té do kho tiép can voi nhitng nguoi
nghién ctru [4].

Trong bai bdo nay, t&c gia sir dung phuong phap
méi dua trén goc &p luc dé xac dinh céc cau hinh ky
di ciing nhu cac ving lan c4n cua chung; dong thoi
cling phan doan chit lugng cua cac ving hoat dong
trong khong gian lam viéc cua cac chudi dong hoc
mach kin, phiang boi chi sb truyén chuyén dong
(MTI). Phan con lai cua bai bao, tac gia trinh bay vé
g6c ap luc va chi sé truyén chuyén dong (Muc 2),
ddng thai minh hoa phuong phép véi co cau 4 khau
ban 1& (Muc 3), 4p dung vao robot song song 2 bac ty
do (Muc 4), sau d6 dura ra nhan xét va két luan (Muc 5).
2. Goc ap luc (Pressure Angle) va Chi sb truyén
chuyén dgng MTI (Motion Transmission Index)

Géc &p luc dugc dinh nghia la goc nhon tao boi
phuong cua luc tac dung Ién vat va phuong cua vecto
van téc chuyén dong cua vat nhu Hinh 1.
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Hinh 1. Goc ap luc

Do 16n cong suat cua lyc F tac dung Ién vat khi
do6 dugc tinh béi cong thic:
Azﬁvz‘lf‘|v|cos((p) (1)
O day, ta dinh nghia chi s6 truyén chuyén dong
MTI (Motion Transmission Index):
MTI =cos(¢) €[0,1] 2)

Khi lyc tdc dung vudng g6c vé6i phuong cua
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vecto van tdc, goc ap luc bang 90°, lyc nay sinh cong
suit bang khong va chi sb truyén chuyén dong
MTI=cos(90°)=0. Nguoc lai, khi luc tdc dung cuing
phuong véi vecto van téc, goc ap luc bang khong,
luc nay sinh cong suit cuc dai va chi s truyén
chuyén dong MTI=cos(0%)=1. O Muc 3 va 4, ta s&
tng dung chi s6 MTI trong viéc xac dinh cac diém
ky di va vung lan can cua chdng trong khéng gian
lam viéc cua co cau thong qua viéc khao sét gia tri
cta chi s6 MTI. Khi MTI bang khong hodc xap xi
khong, nghia 1a co céu dang & vi tri cua diém ky di
hodc 1an can diém ky di do luc truyén dong khong
sinh ra cong. Ta s& phan tich chi s6 MTI qua cac vi
du véi co cdu 4 khau ban 1& va robot song song 2 bac
tu do.

3. Co ciu 4 khau ban 18

Co cau 4 khau ban 1& gdm 3 thanh dong gin voi
dé c6 dinh bang cac khép quay nhu trong Hinh 2. Co
cdu dwoc din dong boi dong co dat tai khop A
(Input), C 1a diém tac dong-diém lam viéc cua co cau
(Output). Khi co ciu hoat dong, luc s& duoc truyén
doc theo thanh BC, phuong cua vecto van téc cua
diém C s& vubng g6c véi thanh CD do né quay
quanh diém D c¢b dinh. Tir 46, ta xac dinh dugc goc

ap lyc @ =90°cua co cu. Ung véi mdi goc 0 &
dau vao, ta s& xac dinh dwoc goc ap lyc @ & dau ra.

Khi, chi s6 MTI = 0, nghia 1 Iyc truyén chuyén
dong doc truc BC sinh ra cong bang khong, day la
mot cau hinh ky di trong viing 1am viéc caa co cau 4
khau ban 1& va hiéu qua truyén chuyén dong bing
khong. Pé thuan tién cho minh hoa, ta gia st co cau
4 khau c6 kich thuée dam bao cho khau AB c6 thé
guay toan vong véi: AB=0,25, BC=0,3; CD=0,45,
AD=0,5. Bang viéc giai bai toan dong hoc ngugc vé
vi tri, ta vé& duoc d6 thi mdi quan hé giita goc dau
vao 0 va chi s6 MTI nhu trong Hinh 3. Nhin vao

dd thi ¢ Hinh 3, ta thdy khi goc ©=180°, chi sé

MTI=0. O vj tri nay, thanh AB nam ngang vé bén tay
trai, cac thanh BC va CD ciing ndm ngang va co cau
mét di 1 bac tu do, day 1a 1 dang ciu hinh ky di. Nhu
vay, chi sé MTI gitp ta xac dinh dwoc cau hinh ky di
trong khéng gian 1am viéc cua co cau 4 khau. Hon
nita, khi chi s6 MTI cang tién vé 0, nghia 1a co cau
nay dang & 1an can cua diém ky di va sap tién téi cau
hinh ky di (c6 su thay d6i s6 bac tu do dot ngot).
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Hinh 3. Méi quan h¢ giiza géc ddn dgng va MTI
4. Robot song song 2 béc tw do

Robot song song 2 bac ty do trong mat phing,
(hay con goi 1a co ciu 5 khau) véi 4 khau dong va 1
khau cé dinh, thuong dugc tng dung trong gip tha
san pham & tc d6 cao [8]. Robot nay duoc dan dong
bai 2 dong co dat vao cac khép Az, Az (Input), P l1a
diém tac dong cudi cua Robot (Output). Céc khau
cha dong, bi dong co kich thudc bang nhau tuong
tng (do cau trdc song song): AiBi=A;B=Lg;
B1P=B,P=L,; khoang cach gitta 2 khép chu dong
A1A2=d.

4.1. Xdc dinh chi sé truyén chuyén déng

Dé xac dinh chi s6 truyén chuyén dong cho robot
song song 2 bac tu do, trudc tién ta can xéac dinh céc
g6c &p luc tuong (ng vé6i cac khép dan dong. Dé xéc

dinh goc ap luc @, @ng véi khép dan dong A, ta s&

hoa ctng cac khép dan dong con lai cia co cau. Do
co ciu c6 2 khau dan dong nén dé xac dinh goc ap
luc @, ung véi khép dan dong Ay, ta chi can hoa
cing khép dan dong A, tac 1a khau AzB; tré thanh

khau cé dinh. Luc nay, co cdu chi con 1 bac tu do va
c6 thé xem nhu 1a 1 co cdu 4 khau ban 1& & Muc 3.
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T d6 ta dé& dang xac dinh duoc cic goc ap luc
@,, @,nhu Hinh 3. Khi do, chi sb truyén chuyén

dong cho robot song song 2 bac tu do s& duoc xac
dinh bai cdng thuc 3 dudi day:
MTI =min(cos(g;))=

min(cos (¢, ),cos(p,))[0,1] i=1,2

Ciing can chi y rang, do tinh chéat ddi xing trong
c4u tric cua robot song song 2 bac ty do nén 2 géc
&p lyc trong trudng hop ndy bang nhau. Dé c6 thé
xac dinh phan b cua chi s6 MTI trong vang lam
viéc, trude tién ta can giai quyét bai toan dong hoc
nguoc nham tim ra méi quan hé giita vi tri cia diém

®)

P (Output) va 2 géc dan dong dau vao 6, 0, .

4.2. bgng hoc ngwot

Trong bai toan dong hoc nguoc, toa do cua diém
thao tac P s& duoc cho trudc va ching ta can:

B,

(Input 2)

Hinh 4. Cac géc ap luc ¢, ¢,

Hinh 5. So dé dgng hoc

Tim céc goc dan dong 6, 0, . O day, ching ta

sir dung phuong phap giai tich. Chon hé toa d6 Oxy
¢ dinh véi O 1a trung diém cua AiA,. Vi tri cua
diém P va 2 diém P; dugc miéu ta bai:
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p=[x y]T; p, =[L,cos(6,)-d, Lasin(el)]T;
p, =[ L, cos(6,)+d, Lasin(ez)]T;
Mt khéc ta ¢6 phuong trinh rang budc vé hinh hoc:

[PRI=L, (5)

(4)

DPong nhat 2 phuong trinh dang dai s6 & (4) va
dang hinh hoc & (5), ta duoc:

(x—L,cos(6,)+d) +(y-L,sin(4)) =13 ©
(x—L,cos(6,)-d) +(y-L,sin(6,)) = L3

Tur (6), ta c6 thé tim duoc cac goc dan dong néu

biét trudc toa d6 cua P theo cong thuc:
6 =2tan(d,) 7

Véi:
a, =12 +y* +(x£d)’ -3 £2(xd)L, @
b =-4yL,; ¢, = L% +y* +(xxd) -2 £2(x£d)L,

Mac du bai toan dong hoc nguoc c6 4 nghiém,
nhung ta chon mdt nghiém wng véi cau hinh thuong
dugc sir dung trong thyc té nhu 6 Hinh 4, 5.

4.3. Phan bé chi sé truyén chuyén dgng MTI trong
vung lam vigc

V6i mdi toa do diém P trong khong gian lam viéc,
nho giai bai toan dong hoc nguoc & Muc 4.2, ta sé
tim duoc cac goc dan dong tuong ung, tac la xac
dinh dugc ciu hinh cua Robot. Png thoi ta ciing s&
tim dugc gi4 tri cua chi s6 truyén chuyén dong tur
Muc 4.1 tuong tng véi mdi toa d6 diém P. Hay néi
cach khéc, ta s& xac dinh dwgc mot chi s6 MTI ung
v6i mdi cau hinh ciia Robot, nho d6 ta ¢ thé xac
dinh dwoc ban dd phan b chi sé MTI trong toan bo
viing lam viéc cua Robot. So dd quy trinh tinh toan
va thiét 1ap ban ¢6 MTI duoc thé hién trong Hinh 6.
Dé minh hoa, ta gia sir cac kich thudc cua cac khau:
L.=L,=0,5; d=0,2 (m). Ban dd phan bd chi s6 MTI
trong khdng gian lam viéc cua robot song song 2 bac
tw do khi d6 dugc thé hién ¢ Hinh 7. Nhin vao do thi
nay, ta thy trong khdng gian 1am viéc ton tai nhitng
viing mau xanh, tic 1a c6 chi sé MTI=0 hoic rit nho
MTI<0,1. Pay la nhitng ving ma robot roi vao cau
hinh ky di hodc lan can cua ky di va ching ta can
tranh robot hoat dong ¢ nhitng khu vuc nay do s&
gap hién tuong mat diéu khién va bat 6n dinh (co cau
s& bi thay ddi s6 bac tw do mot cach dot ngot). Pay
c6 thé xem 1 nhitng viing hoat dong nguy hiém, hay
chat lugng thap, dic trung boi chi s6 MTI xap xi 0.
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S6 diém can tinh toan trong
khong gian lam viéc
i=1,2,..,.N
v
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Hinh 7. Bdn dé phan bé chi sé MTI trong khéng gian
MTI trong khéng gian lam viéc

5. Két luan

Trong bai bao nay, tic gia da su dung chi sb
truyén chuyén dong MTI dé xac dinh diém ky di va
lan can cua chung trong khdng gian 1am viéc cua cac
co cdu dong hoc phang, kin vai viéc phan tich hai vi
du cu thé gdbm co cdu 4 khau phing va robot song
song 2 bac tw do. Viéc chi ra cac ving nguy hiém
(thé hién boi chi s6 MTI xap xi 0) 1a mot két qua
quan trong cho cac bai toan thiét ké va diéu khién
sau nay.
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