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TOM TAT

Sw phdt trién ciia san xudt théng minh da thic day viéc ing dung robot trong gia cong co
khi nhu phay, mai, danh béng, v.v.. Uu diém ciia viéc iing dung robot trong cdc quy trinh cong nghé
gia cong la tinh linh hoat cao trong viéc ldp trinh gia cong; dé dang thay doi cdu tric dé thich img
Véi cdc thay déi cia doi twong gia cong; khong gian lam viée I6n. Robot tac hop la hé gom tir hai
robot phoi hop tdc cong nghé nén cang c6 kha nang linh hoat cao. Mot trong cdc van dé quan trong
khi sir dung robot gia cong la thiét ké quy dao duwa trén viéc tinh todn dong hoc. Péi véi robot tac
hop cd robot mang doi twong gia cong va robot mang dung cu gia céng cing chuyén dong nén viéc
tinh toan dong hoc la bai toan kha phiec tap. Bai bao trinh bay phwong phap khado sat dong hoc hé
robot tac hop gém hai robot phéi hop thao tdc gia cong tao hinh bé mat. Két qua dp dung mé phéng
hoat dong cua robot thuc hién gia cong mai bé mat chi tiét hinh cén dé kiém dinh tinh dung dan cua
phuwong phap.

Tw khoa: Robot tac hop, Bong hoc; Gia cong co khi.
ABSTRACT

The development of smart manufacturing has promoted the application of robots in
mechanical processing, including milling, grinding, and polishing. The advantages of applying
robots in machining technology processes include high flexibility in machining programming, ease
of changing the structure to adapt to changes in the machining object, and ample working space. A
collaborative robot is a system consisting of two robots that coordinate technological cooperation,
allowing for high flexibility. One of the key considerations when using a machining robot is designing
the trajectory based on kinematic calculations. For collaborative robots, both the robot carrying
the machining object and the robot holding the machining tool move together, making kinematic
calculations quite complicated. The article presents a method for investigating the kinematics of
a collaborative robot system consisting of two robots that coordinate surface shaping machining
operations. The results of applying a simulation of the operation of the robot performing surface
grinding machining of a conical part to verify the correctness of the method.

Keywords: Collaborative robots,; Kinematics, Mechanical processing.
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1. PAT VAN PE

Ung dung robot trong gia cong co khi
ngay cang dugc quan tdm nghién ctru va phat
trién [1-5]. Trong [1] dén ra nhiéu nghién ctru va
tién bo gan day trong linh vuc gia cong phay sir
dung robot, dic biét 1a dbi voi cac chi tiét phirc
tap. Trong [2] trinh bay tong hop vé tmg dung
ctia robot cong nghiép trong gia cong cit got,
dac biét trong cac linh vyc nhu mai, phay, danh
bong va xir Iy bé mat. Mot trong cac vin dé can
giai quyét khi str dung robot trong gia cong co
khi 1 thiét ké quy dao chuyén dong cho robot
dé robot thuc hién thao tac cong nghé. Trong cac
cong trinh [6-8] da trinh bay cac phuong phap
thiét ké duong dung cu cho robot. Ciing véi
viéc thiét ké duong dung cu cho chuyén dong
ctia dung cu ddi véi chi tiét gia cong, can phai
tinh todn dong hoc nguoc dé nhan dugc quy luat
chuyén dong ctia robot. Trong cac cong trinh [9,
10] da trinh bay viéc thiét ké quy dao chuyén
dong cho robot gia cong tao hinh bé mit. Thong
thudng trong gia cong co khi, dbi tuong gia cong
thuong gén trén gia ¢d dinh hodc thuc hién cac
chuyén dong don gian nhu trong gia cong tién,
mai,... V&i gia cong str dung may CNC nhiéu
truc hodc robot tac hop, dé gia cong cac bé mit
cong cua chi tiét may, chuyén dong cua dung
cu va dbi tuong gia cong thuong 1a cac chuyén
dong khong gian phuc tap. Khi do, viéc tinh
toan dong hoc, thiét ké quy dao chuyén dong
cho robot la kha phtrc tap. Bai bao nay trinh bay
phuong phap tinh todn quy dao chuyén dong
ctia robot tac hop trong gia cong co khi. Tir diéu
kién thao tac cong nghé xac dinh chuyén dong
tuong ddi ctia dung cu doi véi chi tiét gia cong
trong khong gian dong, bai bio dan ra phuong
phéap thiét 1ap phuong trinh dong hoc robot tac
hop cho phép tinh toan quy luat chuyén dong
clia robot dé nhan dugc chuyén dong thao tac
mong mudn. Bai bao trinh bay mot vi du ap
dung dé minh hoa va kiém chung.

2. MO HINH PONG HOC ROBOT TAC
HOQP

Hinh 1 biéu dién mé hinh robot tac hop
1a hé gdm hai robot ciu triic ndi tiép chudi ho,
mot robot kep chit va di chuyén chi tiét gia
cong. Robot ndy dong vai tro gibng nhu ban
may trong cac may cong cu, may CNC, nén
duoc goi l1a robot ban may (A). Robot thir hai
kep chit va di chuyén dung cu gia cong, goi la
robot dung cu (B).

Qua trinh gia cong dugc thuc hién khi
cac robot chuyén dong sao cho dung cu tiép can
va tuong tac thao tac cong nghé 1én bé mit chi
tiét gia cong pht hop yéu cau k¥ thuat gia cong
tuong Ung.

Hinh 1. Robot tac hop gia cong co khi

C4 hai robot déu c6 ba béc tu do, ba
khau dong, toan khép quay. Ky hi¢u cac khau
dong cua robot ban may la LA1, LA2, LA3;
cua robot dung cu 1a LB1, LB2, LB3.

Chon h¢ toa do co so xy,z, dat tai géc
robot ban may. Cac h¢ toa do khau cua robot
ban méy’ lan luot l1a x,y, z,,, X,,¥,,Z,,, VO
khau cuoi la x,y,z,. Cac h¢ toa d0 khau cua
robot dung cu lan lugt 1a x
voi khédu cudi la x,y,z,.
robot dung cu ky hi¢u x

81YB1ZB1° XBZ,yBZZBZ’
H¢ toa do goc cua
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Céc hé toa d6 duoc gin vao cac khau dua trén quy tic Denavit-Hartenberg (DH).

Dudi day trinh bay viéc khdo sat, tinh toan dong hoc robot tac hop.

3. BAI TOAN PONG HQC ROBOT TAC HQP

Cac hé toa do duoc gén vao cac khau cua céc robot theo quy tdc DH, cac tham s dong hoc

duogc biéu dién trong bang 1.

Bdng 1. Cdc tham sé dong hoc DH ciia robot tac hop

Robot ban may Robot dung cu
i-1/i 0, d, a, Q i-1/i 0, d, a, Q
1 q, d, 0 -1/2 1 q, dg, 0 -1/2
2 q, 0 a,, 0 2 q; 0 0 /2
3 q; 0 a,, 0 3(B) d d,, a,, -1t/2
4(A) /2 0 0 0
boi Y(’)i robo'tAba‘ln ,méy, ’hé toa d;(f) khau sing, cosq, 0 a,cosg,
LA3 sau khi thuc hién cac phép chuyén theo . .
. R h . , —cosq, sing, 0 a,sing,
quy tac DH, thuc hi¢n thém budc 4(A) dé dua A4, = ;
dén h¢ toa do x,y,z,, dat tai tdm ban kep. H¢ 0 0 ! 0
A 0 0 0 1

toa do x,y,z, vira biéu dién vi trf va hudng
khau LA3 do6i voi hé toa do co sd, dong thoi
dugc dung dé biéu dién ddi twong gia cong, tic
biéu dién dang hinh hoc ctia dbi twong gia cong
trong X,y,z,.

Cac ma tran truyén bién doi toa do
thuan nhat cia robot ban may:

cosq, 0 -—sing 0
. singg 0 cosq, O
‘ o -1 0 d,|
0 0 0 1
[cosq, —sing, 0 a,cosq,
g = sing, cosq, 0 a,sing, |
’ 0 0 1 0o |
0 0 0 1

Dé tién trinh bay, goi hé x,y,z, 1a hé
toa d6 ban kep, twong tng, ma tran bicu dién hé
toa do ban kep doi véi hé toa do co sd 1a:

A, ="4'4°4, (1)

Cac ma tran truyén bién ddi toa do
thuan nhat cia robot dung cu:

1 0 0 a,
. 010 0]
““lo 01 o0
0 0 0 1
cosq, 0 —sing, O
singg, 0 cosq, O

BOBl —
0o -1 0 d,
0 0 0 1

9
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cosqg, 0 sing, O
B = singg, 0 —cosq, 0 ;
0 0 1 0
0 0 0 1
cosq, 0 —sing, a, cosq,
g sing, 0 cosq, a,sing |
g 0 -1 0 d, |
0 0 0 1

Dé tién trinh bay, goi hé XY Zs la hé toa
do dung cy, twong {rmg, ma tran biéu dién hé toa
do dung cu ddi vi hé toa do co so theo chudi
dong hoc robot dung cu la:

OBB = OBBO OBI IBZ 2BB (2)

H¢ toa do dung cu thuong ga‘in tai luGi
cit. Gia sir robot thuc hién qua trinh gia cong
bé mat cong béng d4 mai mat dau hinh tru. Hé
toa do dung cu duoc xac dinh sao cho: géc toa
do tai giao diém cua truc tim da mai v6i mat
phang dau d4; truc Xy phap tuyen mit ddu cla
da mai, truc z tiép tuyen mit dau, truc Yy, tao
thanh hé toa d(_) thuan, xem Hinh 1.

Goi cac thong sb dinh vi hé toa d6 dung
cu x,y,z, d0i v61 hé toa dd bankep x,y,z, lax,
y, Z, o, B, 1, ky hiéu:

p=[xy.zapn]
. - . T
p=[x.y.2.0.8.17] 3)
.o .o .o .. s .. T
pP= [x,y, z,a,ﬂ,n]

Ma tran biéu dién hé toa do XpYpZs ddi
vo1 hé€ toa do ban kep x,y,z, dugce ky higu la:

c(a.pn) c,(a.pn) c(a.pn) x
iy | eal@Bn) cu(aBn) c(afn) v A
? cal(a,ﬂ,n) c3z(a,ﬂ,77) cas(a,ﬂ,n) z ( )
0 0 0 1

Ma tran biéu dién hé toa d6 dung cu dbi
v6i hé toa d6 co so theo chudi dong hoc robot
ban may la:

‘A, ="A"'4,°4,"A, %)

Tu cac phuong trinh (2) va (5), ta co

phuong trinh ddng hoc robot dang ma tran nhu
sau:

014[ 1142 ZAA AAB = OBBO OBI 1BZ 2BB (6)

Hodc dua vé dang:

VG6i A,
dong hoc hai robot, cac phﬁn trcuaA,
cua cac toa do khop q,,..

1 ma tran tich hop tir cAu trac
la ham
. q,- Ky higu:

T
q:[ql’qZ""’qG]
. .. L7
q:[qqu"“sq(,] (8)
q:[%’Qz"“sch]

Ta co:

‘4,="4(q.)'4"(¢.)"4" (4,) 'B.,'B,(4.)'B.(4.) B, () (9)
Cac phuong trinh (6) va (7) cho phép
gidi bai toan dong hoc thuan va ngugc robot.

Mot cach tong quat, dua phuong trinh
ma tran (6) hoic (7) vé hé phuong trinh dong
hoc doc lap 1a hé cac phuong trinh dai s6 phi
tuyén:
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fl :xAB(Q)_x:O
fz =V (Q)—y=0
f3 =Zy (q)—Z=0

(10)

Trang thai dong hoc cua robot bao gém
vi tri va huéng, van tde dai, van tde gbc, gia tde
dai, gia toc goc cua dung cu ddi véi ddi tuong
gia cong, c6 thé biéu dién qua chuyén dong cua
dung cu cua khau thao tac, tuc biéu dién hé toa
do x,y,z, doi voi he toa do ban kep x,y,z,.
bicu nay lam dugc khi giai bai toan dong hoc
thuan cta robot. Tl cac cam bién c6 thé nhan
dugc quy ludt chuyén dong cua cac khau biéu
dién qua cac toa do khdp va dao ham céc cap
q,4,q cua chung theo thoi gian. Khi do, giai
hé (10), ta nhan dugc quy luat chuyén dong cia
dung cu tic hé toa do x,y,z, ddi vai hé toa do
ban kep x,y,z,, xdc dinh b6i p,p, p .

Nguoc lai, khi robot thyc hién thao tac
cong nghé, tac chuyén dong cua dung cu doi
v6i chi tiét gia cong, cac p, p, p xac dinh, giai
hé (10) ciing nhan duoc chuyén dong cua cac
khau cua robot.

4. APDUNG

Phan nay trinh bay viéc 4p dung phuong
phép mo hinh hoa xay dung moé hinh khéao sat
dong hoc da trinh bay & trén dé tinh toan, thiét
ké quy dao chuyén dong cua robot thuc hién
thao tac cong nghé. Mot vi du dugce thyc hi¢n
1a robot mai bé mit cong hinh con.

X
Bé mt gia céng
M

o

Za

Hinh 2. Robot tac hop gia cong co khi

Bang 2. Cdc théng sé cdu triic chi tiét gia cong va
thong so cong nghé

z r L ) \ s b

0 0 c t
25mm 40mm 120mm 10° 25m/s 60mm/s | 0.0lmm

Céc thong s6 cu tric chi tiét gia cong
va thong s6 cong nghé dugc din ra trong Bang
2. Trong do, cac thong sb cau tric duoc chi ra
tuong tng trén Hinh 2.

Céc thong s6 ché d6 cong nghé gom \A
1a van tdc cat, b 1a chiéu sau cit va lugng chay
dao vong dugc quy ra luong chay dao theo thoi
gianlas,.

Qua trinh mai dugc thuc hién bdi mat
dau cua da mai di chuyén doc theo dudng dung
cu 1a dudng sinh cia bé mat gia cong sao cho
bé mat dau cua d4 mai tiép xtic vGi bé mat hinh
con cua chi tiét gia cong. Pic trung hinh hoc
ciia bé mit gia cong tai mdi diém trén dudng
dung cu co6 thé biéu dién boi mot hé toa do
X.Y4Z Sa0 c}lo truc x, tiép tuyén voi bé mit gia
cc}ng tai diém f trén duong dung cu. Truc z,
nam doc theo dudng sinh, tryc y, tao thanh h¢
toa do thuan.

Diéu kién k¥ thuat gia cong 1a hé toa do
dung cu x,y,z, va h¢ toa d0 bé mat gia cong
X,.¥:Z; trung nhau, Hinh 3:

XpVpZp = X3 325 (11)

Tir cac thong s6 dé cho, ¢o thé tinh quy
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ludt chuyén dong trong khong gian thao tac, tirc
1a chuyén dong cuia dung cu trong hé toa do ban
kep x,y,z,.

Do chi tiét gia cong hinh c6n nén cac
toa do thao tac va dao ham cac cép cua ching
trong (3) duogc tinh theo cac toa do tru. Tur diéu
kién gia cong da chi ra co thé biéu dién cac toa

d6 thao tac trong hé toa do ban kep x,y,z,:

p=[x,0,2,0,0,0] (12)

Céc chuyén dong chay dao theo thir tu:
tinh tién theo truc z. doc duong sinh z, tinh
tién theo truc x.doc ban kinhr, quay quanh truc

Y,80C ¢:

r=t

S[
z, =S8t (13)
X, =1, —ZIgQ

Trong d6 T 1a thoi gian gia cong. Géc @
da c6 trong Bang 2. Chon budc tinh thoi gian dt
ta tinh duoc sb bude tinh n, cling nhu tinh dugc
vector Z = [z,,...,z ], X = [X,,...,X ]. Nhu vay,
vi tri cua dung cu trong hé¢ toa do ban kep theo
thoi gian da xéac dinh. Goi vZ, vX tudng ing la
cac vector van toc vZ,vX la céc vector gia toc
cta diém thao tac cua dung cu trong h¢ toa do
ban kep:

vZ =5, i=1,..,n; aZ =0, i=1,..n;
' : . (14)
vX, =-stgp, 1=1,..n; aX, =0, i=1,..,n;

Tir két qua tinh toan quy luat chuyén
dong trong khong gian thao tac cia dung cu,
giai bai toan dong hoc nguoc bang viée giai
hé phuong trinh dai s6 phi tuyén (10), ta nhan
duoc quy luat chuyén dong cua cac khau cia
robot.

Hinh 3 14 cc d6 thi biéu dién cic toa
d6 khop theo thoi gian. Hinh 4 14 cac dd thi
biéu dién van toc twong dbi ciia cac khau, tirc
dao ham bac nhét cia cac toa do khop theo thoi
gian. Hinh 5 13 cac d6 thi biéu dién gia toc cua
cac khau theo thoi gian.

-] a3
§ ETTTTII I T I —
- =i
[ -
:.1 3
Hinh 3. Do thi vi tri cac khau theo thoi gian t
E 005 — aan
¥ oo -
o 008 _““ﬁ
F &1 — ::ﬂl
E 0.

f
o
“a a5 1 1.5

B [w)

Hinh 4. D6 thi van téc cac khéu theo thoi giant

=
% mios
3 =
:_ = kg
- e
#_ e — -
g Eemsss s — oo ————
— g
o .
Sl
=
= ns
B
b

]

Hinh 5. D6 thi gia toc cdc khdu theo thoi gian t

Hinh 6. M6 phong hoat dong robot tac hop gia
cong mai tinh bé mat chi tiet hinh con;
https://youtu.be/ _2aBpq3ciM [11]

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025 REIE
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

5. KET LUAN

Bai bao ap dung phép bién ddi toa do
dé thiét 1ap mo hinh tinh toan cho phép biéu
dién chuyén dong thao tac cta dung cu ddi véi
d6i twong thao tac dong mot cach thuan lgi. Mo
hinh tinh toan twong tu nhu truong hop dung
cu thao tac trén ddi tuong kep chit trén gia cd
dinh. Tur 406, viéc tinh toan quy dao chuyén
dong 1a thuan loi.

Su phdi hop hai robot cho phép kha
nang linh hoat trong viéc dinh vi va dinh huéng
trong d6i gitra dung cu va chi tiét gia cong.
Pay chinh 14 lgi thé cta robot tac hop trong cac
thao tac cong nghé phuc tap nhu thao tac gia
cong tao hinh cac bé mit cong cua céac chi tiét
may.

Cung s6 bac tu do chuyén dong twong
dbi gitta dung cu va di twong thao tac thi cac
robot thanh phan cia robot tac hop s& co ciu
trac chudi dong ngin hon. Pidu nay lam ting
do cung viing va tang kha nang dam bao do
chinh xac gia cong. <

Ngay nhan bai: 03/6/2025
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