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TOM TAT

Céc bai toan vé moi truong lam viéc cua robot toa d0 cau trong cong nghlep bao gdm xdy dung mo hinh
lam viéc cho robot; xac dinh dugc kiéu co cau robot dap ung yeu cau tuong tac vi timg dbi tuong va
xay dyung dugc chu trinh hoat dong hop 1y 1 co so dé thiét ké két cdu va diéu khién robot hoat dong
trong san xuat cong nghiép.

Tir khéa: robot toa d6 cau, md hinh lam viéc, so dd co cdu, chu trinh hoat dong. ..
WORKING ENVIRONMENT PROBLEMS
OF SPHERICAL COORDINATE ROBOTS IN INDUSTRY

ABSTRACT: Problems with the working environment of spherical coordinate robots in industry
include building working models for robots; Identifying the type of robot structure that meets the
requirements of interacting with each object and building a reasonable operating cycle is the basis for
designing structures and controlling robots to operate in industrial production.

Key words: spherical coordinates robots, construction of working models for robots, a reasonable operating cycle. ..

1. PAT VAN PE

“Theo du bao trong vong 20 nam nita
moi ngudi sé c6 nhu cau st dung mot robot
c4 nhan nhu cAn mot may tinh PC va robot
sé la tim diém cta mot cude céach mang
cong ngh¢ 16n sau Internet” [4].

Robot cong nghiép 1a thiét bj ty dong
linh hoat, thuc hién céac thao tac lao dong
cong nghiép ciia con ngudi duoc diéu khién
theo chuong trinh. Chung c6 uu viét dic
biét trong cac moi trudong lam viéc doc hai,
nguy hiém, nang nhoc, nham chan ... robot
dugc (mg dung trong san xuat day chuyén
ché tao may, trong cong nghé luyén kim,
san xuat dién - dién tu, gia cong dd ndi that,
cau kién xay dung. ..

Robot toa do cau 1a loai robot c6 tinh
linh hoat cao, ngoai kha nang dap Ung
duoc cac thao tac phic tap nd con rat dé
tvong thich mdi khi mé hinh san xudt bi
thay doi. Tuy nhién, gia thanh robot toa
do cau nhap ngoai rat cao nén viéce nghién
cuu k¥ thuat, chinh phuc nang luc thiét
ké, ché tao robot 1a mot nhu cau rat hitu
ich cho céc doanh nghiép, co s& dao tao,
cac can bo ky thuat. Dé thiét ké két cau
robot toa do ciu ti wu can giai quyét tot
cac bai toan moi truong lam viéc cho phu
hop vi tri cua robot ...
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Hinh 1. So' @6 robot toa d khoi hop a) toa d tru b) va toa dd cau c)

2. TONG QUAN

2.1. Co s6 1y ludn

Néu phan loai robot theo quy dao hoat
dong thi co6 3 loai robot la: Robot toa do
khdi hop, robot toa do tru va robot toa do
cau. Robot toa do khdi hop va robot toa
dd tru thuc hién cac thao tac don gian, dé
thiét ké va d& ché tao. Robot toa do ciu
thuc hién dugc cac thao tac khé hon, kho
thiét ké va ché tao nhung lai c6 tinh linh
hoat hon, dé thich tng véi su bién do6i cua
moi truong lam viéc. Trinh tu thiét ké robot
cong nghiép gdm nhiéu budc, tuy nhién cd
thé thu gon theo 5 giai doan co ban sau:

Giai doan 1: Khao sat mo hinh san
Xudt va giai cac bai toan vé méi truong lam
viéc cua robot.

Giai doan 2: Thiét ké dong hoc, dong
luc hoc va két cau cua robot.

Giai doan 3: Thiét ké trang bi dién va
dién tir cho robot.

Giai doan 4: Lap trinh phan diéu
khién robot.

Giai doan 5: Ché thir, 1ap dat robot vao
hé thdng, chay thir va hiéu chinh hé théng.

Nhu vay, xac lap va gidi cac bai toan
moi truong lam viéc cua robot toa do cau
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trong san xuét 13 giai doan dau tién cta qua
trinh thiét ké robot toa do ciu nham gidi
quyét dugc mdi quan hé hiru ich cua robot
cho hé thong va ciing xac 1ap cac dit kién
dau bai hop 1y cho cac cong doan thiét ké
k¥ thuét cho robot.
2.2. Poi twong nghién ciru

Bai bao nay nghién ctru va giai quyét
cac mdi quan h¢ cua robot toa do cau véi
cac ddi tuong lién quan trong hé thong san
xuadt cong nghiép nham tim ra mé hinh
cdng tac cua robot tir d6 xac dinh dugc so
d6 kiéu dang cua robot va chu trinh twong
tac gitta robot voi cic phan tir va céac trang
thiét bi c6 lién quan ctia hé thong.

2.3. Phwong phap nghién ciru

Trén co so cac 1y thuyét vé thiét ké
robot, tdc gid st dung phuong phap khao
sat cac hé thong san xuat cong nghiép cua
mot sb co s& san xuét, khai quat hoa cac
mo hinh cdng tac cia robot. Phan tich va so
sanh cac mod hinh dé lia chon mé hinh hop
ly, xay dung kiéu dang robot co thé thuc
hién du cac thao tac theo yéu cau. Phan tich
chu trinh lam viéc cta robot trong mo6 hinh
dé trich xudt ra cac diéu kién va cac thong
s6 diéu khién ciia cac tuong tac ciia robot
v6i cac thiét bi lién quan 1am co so thiét ké
va diéu khién robot phii hop mé hinh san
xudt cong nghiép.



3. KET QUA

3.1.So'd0 mé hinh hé thong 1am viéc ciia robot

Trong san xuat cong nghiép, tuy theo
dac trung cong nghé san xuat, quy mo san
xuat va muc tuy dong hoda ctia co s¢ san xuat

3.1.1. Mo hinh robot lam viéc voi 1 twong tac

dé trang bi robot, dac diém tuong tac cua
robot voi cac dbi tuong cua hé thong ma
chon mo hinh Iam viéc cua robot cho phu
hop. Sau day 1a mot s6 mo hinh san xuét co

trang bi robot toa do cau:

Hinh 2. So' d6 robot 1am viéc véi mdt twong tac

La mo hinh hé thng san xuat véi cac
san pham dugc van hanh boi cac thiét bi van
chuyén dong lién tuc, robot thuc hi¢n cac
chtrc ning tac dong toi san pham di chuyén
theo day chuyén ty dong. Trén hinh 2a bing
tai 1 chuyén dong lién tuc, san pham 3 di
chuyén theo bang tai, robot 2 twong tac voi
san pham 3. Hinh 2b bang tai 1 duoc thay
thé bang ban xoay mang san pham 3 va
dugc cac robot 2, 4 tuong tac 1ién hoan. M6
hinh nay c6 thé tmg dung cho robot kiém
tra phan loai san pham, lap rap thiét bi, han
san pham....trén bang tai hodc ban xoay.

3.1.2. M6 hinh robot lam viéc voi 2 twong tdac

La mo hinh hé théng san xuét lién tuc
c¢6 robot van chuyén ban san pham tuwong
tac voi hai thiét bi cua hé théng. Hinh 3a
1a so d0 robot 2 van chuyén ban san pham
3 trén bang tai 1 sang tu chua 4. Hinh 3b,

robot 1 van chuyén ban san pham trén ban
xoay 2 tdi tu chtra 6. Hinh 3¢, robot 3 van
chuyén ban san pham 2 trén bang tai 1 sang
ban xoay 5. Hinh 3d robot twong tac vdi
san pham trén bing tai 1 va bang tai 5 di
chuyén lién tuc. Ung dung cic so do nay
c6 thé xay dung day chuyén lap rap thiét bi
trén bang tai 1, chi tiét luu trén ta chia 4
hinh 3a. Trén hinh 3b c6 thé co thiét bi lip
rap dat trén ban xoay 2, chi tiét dé trong tu
chtra 6. So do hinh 3 ¢6 thé ung dung cho
day chuyen kiém tra, phan loai san pham
trén thiét bi van chuyén 1 va loc san pham
da chon chuyen sang thiét bi thur hai... M6
hinh nay c6 thé tng dung cho viéc robot
tim, chon tach san pham dé xep vao tu chira
hodc robot lua chon chi tiét tir ban xoay
xép vao ti. Hodc 1a cac qué trinh tuong tac
ngugc voi cac gia dinh néu trén trong cac
day chuyén san xuat.
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Hinh 3. So' d6 robot 1am viéc véi hai twong tac

3.1.3. Mo hinh robot lam viéc voi 3 tuong tac

La mo hinh hé théng san xuét lién tuc
c6 robot van chuyén ban san pham tuong tac
v6i ba thiét bi cta hé thong. Hinh 4a, robot
2 van chuyén ban san pham 3 tir bang tai 2
sang may gia cong 6 va sau d6 chuyén sang
ti chira 4. Hinh 4b, robot 2 van chuyén ban
san pham 3 tir bing tai 1, qua may 4 va toi
bang tai 5. Hinh 4c, robot 2 van chuyén ban
san pham 3 tir bang tai 1, dén may 4 dé gia
cong thanh san pham va duoc chuyén toi
ban xoay 5.

Mo c¢6 hinh 3 tuwong tac rat phu hop
cho san xuat cong nghiép tu dong. San
pham duogc hinh thanh trdi qua nhiéu
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cong doan, dugc ché bién qua nhiéu thiét
bi d¢ hinh thanh san pham c6 du pham
chét theo yéu cau. Robot 1a thiét bi trung
gian thuc hién van chuyén san pham va
phdi hop nhip nhang cac hoat dong trén
cac thiét bi dé thuc hién yéu cau cua chu
trinh san xudt. Vi du nhu hinh 4b, chi
tiét can duogc gia cong, ban dau 1a phoi
trén bang tai 1 dugc gia cong trén may
tuy dong CNC 4 sau d6 duoc chuyén qua
bang tai 5 dé nhép khoa. Viéc sir dung
robot nhu vay s€ lam tang tinh ty dong
hoa, ting ning suat lao dong cho day
chuyén va con dap ung tinh 6n dinh cho
day chuyén so v6i mo hinh san xuét bang
suc nguoi.



Hinh 4. So' @6 robot 1am viéc véi ba twong tic

3.2. So dd co cAu robot toa dj cau

3.2.1. So db co ciu

Lua chon so d6 két cdu robot hop ly,
dap Umg yéu cau lam viéc, dam béo tinh

linh hoat, thich tng véi cac yéu cau tuong
tac cua thiét bi, phu hop véi cac nhu cau
bién ddi clia san xuat 1a giai doan can thiét
dé thiét ké két cau robot dap ing mo hinh
san Xuat.

Hinh 5. So db co ciu robot toa do ciu 3 bic va 4 bac

Hinh 5a, 5b biéu dién so d6 robot toa
dd cau 3 bac tu do. So d6 5a co khép tru
dimg R1. Khoép tru ba vai R2 va khép tru
khuy tay R3 lién két tao hé chuyén dong

phang. Khép ba vai R2 nham nang, ha tay
kep 1én xubng, khép khuyu tay R3 dé thu
ngan hodc vuon tay kep ra xa tru dimg 1a
khau 1. So d0 5b ¢o6 khop tru dimg R1.
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Khép tru ba vai R2 va khop truot kéo dai
T3. Ca hai so d6 nay c6 quy dao hinh cau,
1a so d0 c6 thiét ké co khi don gian, pham
vi ing dung rong, co thé thiét ké robot dé
thuc hién cac thao tac don gian nhu robot
han, robot van chuyén phoi tuong tac voi
cac thiét bi san xuat hodc gip chi tiét lap
rap thiét bi trén bang chuyén...Tuy nhién
do it bac nén tinh linh dong kém, khong
thuc hién dugc cac thao tac phirc tap va cac
chuyén vi chinh xéc.

Hinh 5¢, 5d biéu dién so do robot toa
d6 cau 4 bac tu do. So d 5d nhu hinh 5a
nhung thém khép tru cd tay R4 nén tinh
linh dong cao, R4 c6 nhiém vu léy can bfmg
cho vat trén tay kep. Robot tmg dung so d6
nay thuc hién dugc cong viéc phuc tap hon.

So d6 5¢ nhu hinh 5a va c6 thém khép
trugt T4 nén c6 tinh dinh hudng thuc hién
chuyén vi theo chiéu sau 16n, pht hop cho
viéc lap ghép chi tiét ... Pay 1a so do co cau
mg dung thiét ké robot dugc mg pho bién
nhét, thuc hién duoc nhiéu viéc trong cac
hoat dong cong nghiép.

Hinh 6. So' db co ciu robot 5 béc

Hinh 6 biéu dién so dd robot toa dd
cau 5 bac. So dd 6a co ciu tao giéng 5d
nhung thém khép try RS nén mé rong cac
chuyén vi trong phuong dimg va phuong
nghiéng nén c6 thé thuc hién nhiéu cong
viéc phuec tap, chinh xac hon. So dd 6¢ co
cdu tao giong 6a nhung khép tru RS van ¢o
truc ngang nén khai thac sau hon cac thao
tac trong phuong vudng goc truc quay cua
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khau 1. Hinh 6b van 13 co cau nang cép cao
hon 5¢ voi cac chuyén vi tinh tién duoc mo
rong hon. Co cau robot 5 bac c6 kha ning
thuc hién cac thao tac phtrc tap hon nhung
thiét ké va diéu khién phirc tap nhiéu, dugc
khai thac cho nhitng cong viéc hon hop,
thuc hién nhiéu thao tac.

Bdc tw do

Tay may thuong duoc ciu tao boi
nhiéu khau. Va céc khau lién két véi nhau
boi cac khdp quay hodc khép tinh tién. Tay
may c6 nhiéu khop thi cang linh dong va
thuc hién duogc nhiéu thao tac. Sb chuyén
dong tirng khéau cua tay may la cac thanh
phan hinh thanh bac ty do cta tay may.

Bic tu do cua tay may 1a s6 kha ning
chuyén dong doc 1ap cua né trong khong
gian hoat dong. N¢ lién quan téi sb khau
dong va cac loai khop lién két giira cac
khau dong ndi voi nhau. SO bac chuyén
dong toi da 1a 6, thuong gdm 3 bac chuyén
dong co ban 1a chuyén dong dinh vi va 3
bac chuyén dong bd sung 1a chuyén dong
dinh hudéng. Céc chuyén dong co ban la
chuyén dong tinh tién hodc chuyén dong
quay. Tung chuyén dong co6 ngudn din
dong riéng. Chuyén dong bd sung 1a cac
chuyén dong quay hodc tinh tién tao ra tinh
linh hoat cho tay may. S6 bac tu do cua tay
may duogc tinh theo cong thac [2]:

w=6.n—Yoyi.P;

n- 1a s6 khau dong.

(1)

Pi — s6 khép loai i.
w=6n—/ iP=64—45=4
i=1 . ,

Hinh 7 1a so d0 co cau robot toa do
cau c6 4 khau dong, 4 khép quay loai 5. So
d6 o6 s6 khau dong n = 4, ¢6 4 khép dong
(i =4) déu 1a khép loai 5, Pi = 5.



Khau dong 3
Khép quay 3

Khau dong 4
Khép quay 4

Ry

Khau dong 2
Khép quay 2

Khau dong 1
Khép quay 1

Hinh 7. So’ d6 cic khiu ciia robot

Hinh 8 1a so do robot 4 bac tu do. Bé
xac dinh vi tri tay kep can gin vao hé co
cAu mot hé toa d6 P& Cac va cac thong )
goc nhu hinh v&. Vi tri tay kep 1 diém 5 c6
toa do X, Y, Z,,.

Z.,=L +L,cos, + L,.cos (6,-6)—
L,.cos(6,+6,-6,) (2)

X, =r,.co80, 3)

Yi5 = ris.sme1
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Trong do
3.3. Xac dinh toa dg, vi tri diem hanh . .
crinh o e r, = -Lsin6, + L sin(0,- 6)) +
rinh lam viéc )
: L,.sin(0,+6,-6,) 4)
3.3.1. Toa do diém lam viéc
5 - Zis.
biém lam viéc cua robot la vi tri diém d5 = arctg {ris } ()
tay kep cta robot. D6 cling 1a vi tri ciia san Ban kinh diém lam viéc la:
pham duoc tay kep giit va di chuyén dén
cac diém tuong tac gitta cac thiét bi trong R. = _Tis
, 4 1 e
h¢ thong san xuat. £05<5 (6)
N .
\\ Mgy 45 ﬂ
\% \~\ (0 +0,-0)-m/2}
R, Ry
2 N
:/) R, q
| C.
< = x y
y M Yy
= 2 = o
|
& i = 2 ﬁ\
Hinh 8. So' d6 xac dinh toa dd vi tri lam viéc
TAP CHI KHOA HQC, S6 52, thang 5 nim 2022



3.3.2. Cac vi tri hanh trinh twong tdc ciia robot

Vi tri diém hanh trinh cua robot 1a cac
di€ém dung hodc cac diém chuyén hudng
nam trén quy dao di chuyén cua tay kep.
Puong di chuyén va cac tuong tac cua tay

Ga phai cho

Ga san phdm Robot
é S [ 7 z ! VT3
'; Y

3 O
N
TS °
=)
,Eb
M
=
Ban May O
May CNC
E =2500

kep robot lién quan dén s6 thiét bi va dic
diém ting thao tac tay kep véi ting thiét bi
ctia hé théng. Can xé4c dinh chu trinh, vi tri,
cac thong sb tai mdi vi tri lam co s& dé 1ap
trinh va diéu khién hé théng.

y \Y’\m

Tay kep

Phéi tai ga cho (VTV
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eeeeee

Ga phéi cho

Hgp

z
Robot

YViT v
rgp = 1100 J

Hinh 9. So 0 hé théng tai vi tri hwéng ga phodi Gp

Hinh 9 1 so dd robot 3 tuong tac gdm
c6 Robot, bang tai 1 cap phoi, bang tai 2
nhan san pham sau gia cong, May CNC
gia cong phoi. Chu trinh hoat dong 1a robot
nhan phoi gia cong tir ga phdi Gp cua bang
tai 1 chuyén sang ban may M ciia may gia
cong CNC, sau d6 nhan san pham sau gia
cong tai ban may M chuyén sang ga san
pham Gs cua bang tai 2 dé tha phoi. Céc
thong s6 diéu khién robot o vi tri géc tai dé
cuarobot. Tai day dat h¢ truc toa do OXYZ.

Céc vi trf hanh trinh cta robot cau 4 béc:

1. Vitri 1, robot huéng ga phoi Gp, 6, =
-90°, tay kep robot chd 1ay phoi tai VT1, ¢6 toa
do Xvt1=0, Yvtl, Zvtl=Z =Hvtl(hinh 9).

2. Vitri 2, hudng ga phoi Gp, 61 =-90°,
tay kep robot vao kep phoi tai vi tri VT2(Gp),
6 toa do Xvt2 =0; Yvt2, Z, =Hvt2 (hinh 9).
Tai Gp da c6 phdi dang cho tay kep.

3. Vi tri 3, van hudng ga phoi Gp, 0,
= -90°, tay kep robot mang phoi rut vé
vi tri cho VT3=VTI. Toa d6 Xvt3 =0,
Yvt3, Z, =Hvt3=Hvtl (hinh 9). Tai day,
tay robot da nam & dg cao va c6 ban kinh
quay an toan.

4. Vitri 4, tay kep ctia robot mang phoi
quay chuyén sang hudng ban may M, 0,=0°,
tay kep robot mang phdi cho tai VT4, co
toa do Xvt4, Yvt4=0, Z, =Hvt4=Hvtl (hinh
10). Cho may mo clra, mé ga phoi.

aaaaa

b ‘\1"» VT4 Phi tai ban may

Hyg
Hpm

z
Robot

x i X
rm = 850

Hinh 10. So d0 hé thong tai vi tri hwéng ban may M
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5. Vi tri 5, robot rudi tay mang phoi
dat vao vi tri ban kep phoi VT5. 0,=0°, c6
toa d0 Xvt4, Yvt5 =0, Z, =Hpm. Ga sé
kep phoi.

6. Vi tri 6, robot m¢ tay kep phdi, co
rat tay vé vi tri chd VT6=VT4, 6 =0°. C6
toa do Xvt6, Yvt6=0, Z =7, =Hvtd=Hvtl
(hinh 10). Ga kep phoi. Péng ctra may, cho
may gia cong, mo kep phoi, mé cira may.

7. Vi tri 7, robot rudi dai tay kep vao vi
tri ga phoi trén ban may VT7=VTS5 va kep
phdi (hinh 10), 0, =0°. Toa d vi tri tay kep
Xvt7, Yvt7=0, Z, =Hpm.

8. Vi tri 8, robot co ngin tay kep mang
san pham vé vi tri chd VT8=VT6, chd quay
huéng, 6 =0°. Toa do tay kep Xvt8, Yvt8=0,

Zvt8=7Z, =7 =7, =Hvt4=Hvtl (hinh 10).

9. Vi tri 9, robot kep mang san
pham quay sang huéng ga san pham
ciia bang tdi 2 tai vi tri VT9. 6= -90°,
7, =7, =Hvt9=Hvt8=Hvtl (hinh 11).

10. Vi tri 10, robot rudi dai tay kep san
phém, ha xuéng vi tri VT10, m& kep tha
phoi vao ga san pham cia bang tai 2. 0=
-90°, Z, . = Htp (hinh 11).

11. Vi trf 11, robot co ngin tay kep
tréng vé vi tri chd VT11=VT9, chd quay
huéng. 6 =-90°, Z, =7, =Hvt9 (hinh 11).

12. Vi tri 12, robot quay tré vé hudng
ga phoi Gp, 0, = -90°, tay kep robot cho lay
phoi lan tiép theo tai VTI, Z =7, =Hvtl
(hinh 9).

5

10.5

11.5

Htp
_\!\_
\ O [~ \‘ & o ﬂ] VT10
ND Gs y \J/ &) Gp ZTT; A
éﬂl : Qi/'r ,c;” L §>° [¢]
g C(B:I Bang tai s.f [72] s
I I :ICZD T z
O M & O Robot
Ban May [ ] v
— May CNC - - YVi9 -
2500 rgs = 1100 o

Hinh 11. So' @ hé thong tai vi tri hwéng ga san pham ciia bing tai 2

3.4. Quy dao hoat dong

Quy dao hoat dong cua robot 1a khong
gian giéi han pham vi chuyén dong cua tay
kep cuia robot. Dbi voi robot toa do cau quy
dao hoat dong 1a khong gian gidi han cua
hai mit cdu dong tam tai gbc O cua try dé
quay. Mit cau 16n nhat hinh thanh khi cac
khau rudi dai 16n nhét va ban kinh cta diém
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tay kep s& v& ra mit ciu ngoai. Mit cau nho
nhat khi cac khau dong cudi c6 xu hudng
gap vao tam va diém tay kep sé& c6 ban kinh
bé nhat v& ra mat cau nho.

Trén hinh 12 1a quy dao hoat dong ctua
robot toa d6 cau 4 bac tu do. Hinh biéu dién
hinh chiéu quy dao 1am viéc cua robot trong
cac mat phang toa do XOY, YOZ va XOZ.
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Hinh 12. Quy dao hoat dong ciia robot toa dd ciu 4 bac

4. KET LUAN

Phan tich mo hinh san xudt cong
nghiép dé phat hién ra cac mo hinh con c6
st dung robot toa do ciu nham nang cao
tinh tu dong hoa, ting tinh 6n dinh, tinh
hiéu qua va nang cao ning suit ciia hé thong
san xuat. Phan tich cc hoat dong san XUAt,
Iwa chon so dd két cau phu hop dé thiét ké
robot thuc hién cac thao tac k¥ thuat dap
mg cac yéu cau phdi hop hoat dong thiét
bi. Nghién ctru cac ddc trung cong ngh¢ cua
hé thdng san xuét, xdy dung cac chu trinh
hoat dong, phéi hop hoat dong cua cac thiét
bi, cac phén tr phu tro cho robot dé tao lap
cac chudi hoat dong tu dong, co6 tinh linh
hoat ctia day chuyén san xudt... Thyc hién
cac noi dung trén 1a giai quyét cac bai toan
lién quan moi trudng lam viéc cua robot toa
do cau, 1a co so dé thiét phan ké két cau
robot toa d6 cau st dung trong cong nghiép.
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