NGHIEN CUU - TRAO DOI

XAY DUNG BO bOI SO CHO RO BOT UR3 TRONG
HE THONG LAP RAP BONG DEN

DEVELOPMENT OF DIGITAL TWIN TECHNOLOGY FOR UR3 ROBOT IN
LAMP ASSEMBLY SYSTEM
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Truong Co khi, Truong Pai hoc Bach Khoa Ha Noi

TOM TAT

Ciing véi viéc ap dung khoa hoc cong nghé vao san xudt ngay cang sau va réng, tw déng héa
trong qud trinh san xudt da tré thanh mot xu thé chung quyét dinh hiéu qua hoat dong va kha nang
canh tranh cia cdc doanh nghiép san xudt. Va trong qud trinh tw ddng héa nay, ré bot cong nghiép
doéng vai tro quan trong trong viéc ndng cao nang sudt lao dong va thay thé ngay cang nhiéu con
ngueoi trong cdc khdu thao tac doi héi kj thudt va dg chinh xdc cao. Ciing véi do, cdc phan mém véi
tinh nang manh mé, kha nang ao héa mo ta giéng nhuw thét cac thiét bi va hé théng dd tao diéu kién
cho cong nghé b doi sé phat trién va irng dung réng rdi. Trong nghién ciru nay, mé hinh bé déi sé
st dung cho ré bot UR3 sé dwoc xdy dung dp dung cho hé thong lap rdp bong dén. Tir tién dé ciia
viée xdy dung b doi s6 nay sé mé ra nhiéu kha ndang vmg dung dé nang cao hiéu sudt hoat dong
ciia r6 bot nhw tim dwong di, ndng cao hiéu qua phoi hop hoat dong giita ré bét va nguoi.

T khéa: Bé déi s6; M6 phong; Ung dung cong nghiép; R6 bot UR3.
ABSTRACT

As the contribution of science and technology to production has been increasingly deep
and wide, the automation in the production process becomes a common trend determining the
operational efficiency and competitiveness of manufacturing companies. In automation process,
industrial robots play an important role in improving labor productivity as well as replacing
human employees in high-tech and high-precision manufacturing operations. On the other hand,
digital twin technology has been well developped and applied owing to the availability of powerful
softwares that have virtualization capabilities for authentic description of devices and systems. In
this study, a digital twin design process for UR3 robot was developed for a lamp assembly system.
Based on this digital twin development, it is possible to enhance the robotic performance (such as
path finding) as well as robot-human coordination.
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1. PAT VAN PE

Su ra doi may tinh va sau do 1a mach
tich hop d tao co hdi cho su xuét hién nhirng ro
bdt cong nghiép trong nhing tmg dung thuong
mai ddu tién tir nhttng ndm 1960 [1]. Trai qua
hon 06 thap ky, cac ro bdt da phat trién tir kha
ning chuyén dong ban dau don gian dén murc
d6 o thé quan 1y ca chuyén dong phtc tap va
dap ung cac tng dung yéu cau nhiéu thao tac,
khéo 1éo va ti mi hon s& nhur han, mai va lap
rap... V6i su phét trién cua cac phan mém mo
phong, cac cong nghé mdi nhu tri tu€ nhan tao,
dién toan dam may... dd mé ra co hoi phat trién
ctia cong nghé Bo doi sd cling nhu mé ra co
hoi phat trién thém cua cac cong nghé méi ing
dung cho rd bét cong nghiép. Ung dung bd doi
s6 cho ro bét sé gitip giai quyét duoc cac van dé
nang cao tinh tu dong hoa, ting ning suat nhu
tim duong di, phdi hop gitra nguoi va ro bot. ..
Trong nghién ctru ndy sé& phan tich cac dic diém
hinh hoc, dong lyc hoc cua ro bot UR3, xay
dung mé hinh sb cta ré bot mé phong gidng hét
cac dac diém dong luc hoc cua 16 bt that, sau
do6 xay dung két ndi trao doi thong tin thoi gian
thuc gitta 6 bot that va ré bot ao. R6 bét UR3
trong thi nghiém 1a thiét bj dong vao tro chinh
trong hé thong lap rap bong den.

2. BQ bOI1 SO

Mot ban sao ky thuat s6 1a mot dai
dién a0 dong vai trd 1 ban sao k¥ thuat sd thoi
gian thuc cua mot ddi tuong hodc qua trinh vat
ly. Mic du khai niém nay c6 ngudn gc sém
hon (do Michael Grieves, sau d6 la Pai hoc
Michigan, vao nam 2002), dinh nghia thuc té
dau tién vé song sinh k¥ thuat s6 bat ngudn
tir NASA trong nd lyc cai thién mo phong md
hinh vat 1y cda tau vii try vao nam 2010 [2].
Bo d6i s6 1a két qua cua su cai tién lién tuc cla
thiét ké va hoat dong ki thuat cta thiét bi hodc
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hé thong. Cac ban v& san pham va thong sb ky
thuat dugc phat trién tir viéc v& bang tay sang
¢6 sy hd trg ctia méy tinh dén k¥ thuat mé hinh
hoa mé phong cua ca hé thong.

B0 d6i s6 gdm c6 ba thanh phan: thanh
phan tht nhit 1a mot dbi twong hay mot hé
thdng vat 1y, d6 co thé 1a mot thiét bi, mot day
chuyén san xuat; thanh phan th hai 1a mé hinh
a0 duoc xay dung tur cac file CAD (computer
aided design), md phong gidng hét ctia thiét bi
hay hé thdng vat 1y; thanh phan thir ba 1a két
nbi truyén thong thoi gian thuc gitra hé thong
vat 1y va hé thong o [3].

3. RO-BOT CONG NGHIEP UR3

Theo cac thong tin thong sd ky thuat
trén trang web cia Cong ty Universal Robots
[4], 16 bdt cong tac UR3 1a mot 16 bdt cong
tac cd nhd dat trén mat ban, thich hop cho cac
cong viée lap rap nhe va xay dung céc kich ban
lam viéc tu dong trén ban may. Cobot dé ban
nho gon chi ndng 24,3 lbs (11 kg), nhung c¢ tai
trong dén 6,6 Ibs (3 kg), xoay £ 360 do trén tat
ca cac khop cb tay va xoay vo han trén khop
cubi cung.

Thong tin vé gidi han goc, toc 46 chuyén
dong cua cac khop va ving 1am viée cta ro bot
UR3 dugce md ta chi tiét twong tmg trong hinh
1 va hinh 2.
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Hinh 1. Gi6i han goc va toc do chuyén dong cdc

khép ciia ré-bot UR3
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Hinh 2. Hinh chiéu dimg (bén trdi) va hinh chiéu
canh (bén phai) viing lam viéc ciia ré-bot UR3

4. THi NGHIEM
4.1. H¢ théng thyec té

Thi nghiém duoc thuc hi¢n trén hé
théng ldp rap bong dén str dung ro-bot UR3,

hinh 3 13 hinh anh thyc té ctia hé thong lap rap
bong dén.

Hinh 3. Hinh anh thuc té hé thong ldp rdp bong den

Ro-bbt UR3 thuc hién van chuyén dui
béng vao 16 dép, sau d6 van chuyén nip bong
vao 16 dap. Xy lanh dap thyc hién viéc dap dé
gan nap voi dui bong. Cudi cung, ro-bot UR3
van chuyén boéng dén hoan thién dén bing
chuyén dé chuyén luu kho.

4.2. Xay dung mé hinh sb

M6 hinh mé phong (khong gian sd
trong bo doi sd) 1a mot moi trudng dong duoc

xay dung bang cach dwa cac dbi twong thiét ké
hd trg may tinh (CAD) 3 chiéu vao phan mém
Tecnomatix Process Simulate. Tao [5] cho rang
mo hinh a0 bao gdom bén 16p, tic 1a hinh hoc
(tao ra cac ddi tuong CAD 3D), vi tri vat 1y (vi
tri cia cac ddi tuong CAD trong canh), hanh vi
(d6ng hoc cua o bot) va quy tic (trinh ty quy
trinh ldp rap). Cac d6i twong CAD dong hoc
3D cua rd bt 6 san tai thu vién truc myén do
Trung tam ho trg Siemens duy tri.

Viée tao ra cac dbi tuong 3D dugc ap
dung cho tit ca cac bd phan va thanh phan
khac ctia hé théng dé duge dua vao moéi truong
Tecnomatix. Tecnomatix cé thé nhdp dir liéu
CAD ¢ dinh dang JT (Jupiter Tessellation).

Viéc xay dung mo hinh s6 cua ré bot

UR3 mo6 phong hinh hoc va cac dong luc hoc
cua ro6 bot gom c6 cac budc nhu trén hinh 4

dudi day:

Hinh 4. Céc budc xdy dung mé hinh sé ré bot UR3
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Trudc tién, file 3D CAD duogc tao ra mod
ta chinh xé4c kich thude hinh hoc cta ro bot that,
file nay dugc dua vao phan mém Tecnomatix
Process Simulate. Sau do, thuc hi¢n xay dung
cac két ndi dong luc hoc gitra cac khau khép
ctia o bot, trong d6 dua vao cac théng sd ky
thuat vé téc do va gidi han khép, vung lam
viéc, cac thong $6 nay dugc mo ta lai trén ro bot
4o gidng nhu ro bdt that. Budc tiép theo 1a viée
tao cac khung toa do lam viéc cho ro bdt, co hai
khung toa d6 cho Base (dé cua 16 bét) va cho
Tool (dung cu lép trén 1o bot dé thuc hién mot
cong viée cu thé). Cudi cung, mot file thong sb
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hoat dong cua r6 bot hoan chinh dugc xuat ra
co tén la Motionparameter.e.

Tuong ty nhu vay, mo hinh s6 duogc xay
dung cho céac thiét bi khac trong h¢ thong lap
rap bong den nhu hinh 5 bén dudi.

Hinh 5. M6 hinh s6 ciia hé thong lap rap bong dén
trong phan mém Tecnomatix Process Simulate

Giao thuc TCP/IP duoc st dung dé két
ndi truyén thong thoi gian thuc giita ro bot that
va 10 bdt a0 qua cong Ethernet. Ché d6 “Live
Mode” trong phian mém Tecnomatix Process
Simulate dugc su dung dé két ndi gitra 0 bot
that va do nhu hinh anh dudi day:

Hinh 6. Két néi truc tiép giita ré-bot thit va ré

bot do

Bo d6i s6 ciia rd bt UR3 da dugc hinh
thanh, trong d6 mdi hanh dong trong r6 bot that
déu duoc phan anh ngay 1ap ttc theo thoi gian
thuc trén rd bot do.
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5. KET LUAN

Phan thi nghiém dd xdy dung thanh
cong bo doi sb ré bdt UR3 trong hé thong lip
rap bong dén, trong d6 mo hinh do dugc xay
dung mé phong thuc té 1:1 mé ta duge dy du
cac dac tinh hinh hoc, vat 1y, dong luc hoc cua
16 bot that. Dua trén bo d6i s6 ndy, c6 thé thuc
hién duoc nhiéu nghién ctru thu vi trong cac
mg dung nhu tim cac vi tri, dudng di t6t hon
cho o bdt va nang cao hiéu qua cta phdi hop
nguoi va ro bot, xem xét cac khoang khong
gian lam viéc chung c6 thé giy ra xung dot,
tur do 1ap lich 1am viéc gitta nguoi va rd bot dé
dam bao an toan va ting hiéu suit cong viéc.
Trong cac nghién ctru tiép theo, cac Gmg dung
tir bo doi s6 cua ré bot UR3 trong hé thng lap
rap bong dén sé dugc nghién clru sau hon va
dua ra nhitng giai phap va cai tién cu thé trong
cac ing dung nay. <
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