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TOM TAT

Nghién cuu nay trinh bay mo phong dong luc hoc cua robot 3 bdc tw do khi chiu dao dong
cudng birc tir ba dong co dan dong, véi muc tiéu danh gid chuyén vi, van toc va gia toc ddp g theo
thoi gian. Phan tich dwoc thuce hién trong Abaqus/Standard véi mé dun Dynamic—Implicit. Két qud
cho thdy bién do dao déng ciia robot déu nam trong viing vi mé, chirng té robot ¢é dé cirng cao va

it bi anh hwong boi rung dong dong co trong qua trinh van hanh.

Tw khéa: Robot 3 bdc tu do;, Dao dong cuong burc, Pong co dén dong; Phan tich dong lyc
hoc.

ABSTRACT

This study presents the dynamic simulation of a 3-degree-of-freedom robot subjected to
forced vibrations from three drive motors, with the aim of evaluating the displacement, velocity
and acceleration responses over time. The analysis was performed in Abaqus/Standard with the
Dynamic—Implicit module. The results show that the robot's vibration amplitudes are all in the

micro-range, demonstrating that the robot has high stiffness and is less affected by motor vibrations

during operation.

Keywords: 3-degree-of-freedom robot; Forced oscillation, Drive motor, Dynamic analysis.
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1. GIOI THIEU

Dao dong phat sinh tr dong co dan
dong 1a nguyen nhan chinh gay sai Iéch vi tri,
glam chat lugng thao tic va anh huéng dén
d6 bén cua robot cong nghiép, do d6 viéc mod
phong dap ung dao dong theo mién thoi gian
c6 ¥ nghia quan trong trong thiét ké va téi uu
hoa hé thdng [1]. Cac nghién ctu quoc té da
chi ra hiéu qua ctia phan tich pho tan s, mo
phong dong luc hoc theo mién thoi gian va tdi
vu héa hinh hoc nham dy doan va giam rung
dong trong robot cong nghiép [2-4].

Tai Viét Nam, c4c nghién ctru tap trung
vao anh hudng ctia vét liéu va do cing khép ndi
dén dac tinh dao dong va kha ning dich chuyén
tan s6 cong huong ra khoi ving lam viée [5,
6]. Tuy nhién, cac nghién ctru mo6 phong dap
mg dao dong cudng birc theo mién thodi gian
ddi vé&i robot 3 bac tw do van con han ché. Vi
véy, nghién ctru nay sir dung phuong phap phan
tir hitu han (Abaqus) dé mé phong kich thich
cuong buc tac dung 1é€n robot, danh gia cac dai
luong chuyén vi, vén tbc, gia toe va nang lugng
bién dang, nham lam rd anh huéng cia dao
dong dong co dén d6 6n dinh va kha nang lam
viéc cua robot.

2. PHUONG PHAP NGHIEN CcUU
2.1. M6 hinh héa robot

Robot 3 bac ty do dugc md hinh hoa
g6m ba khau lién két bang cac khop quay, cho
phép chuyén dong trong mat phang lam viéc.
Hinh hoc va phan bd khéi luong cua timg khau
duoc xay dung theo cau trc thuc té trén CAD
va chuyén sang mo hinh phan tr hitu han dé
phéan tich. Hinh 1 minh hoa md hinh 3D céanh
tay robot trong NX.

Hinh 1. M6 hinh héa canh tay robot trong phan
mém NX

M&i khau robot dugc gia thiét 1a phan
ttr khoi dan hoi tuyén tinh, véi cac thong sb vat
liéu gom mo-dun dan hoi, hé s Poisson va mat
do6 1ay tir dir liéu thuc té. Cac khép quay duoc
mo phong bang rang budc kinematic, cho phép
chuyén dong quay quanh truc nhung khong
dich chuyén tinh tién. Bang 1 trinh bay cac
thong sb vat liéu ctia canh tay robot.

Bdng 1. Théng sé vt liéu cia thép hop kim.

Mo dun dan hoi (E) 200 Gpa
Khdi luong riéng (p) 7850 kg/m?
Heé s6 Poisson (V) 0.33

Hinh hoc robot dugc chia ludi béng
phén tor tir digén, v&i mat do ludi tang cuong tai
vung gan khép dé dam bao d6 chinh xac mo
phong dao dong va Gmg suét. Tong s phan tir 1a
36321, duoc lua chon nham can béng gitra do
chinh x4c va thoi gian tinh toan. Hinh 2 minh
hoa mo hinh chia luéi trong Abaqus.

Hinh 2. Chia ludi canh tay robot trong phan mém
Abaqus
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Trong nghién ctu nay, dao dong tu
dong co dan dong duoc tac dung 1én cac khau
robot dé khao sat dap Gmg dong luc cta toan hé.
Vi vay, mo hinh héa hinh hoc dong vai tro then
chét trong viéc mo ta chinh xac do ctng, khoi
lwong va phan bd quan tinh, nhitng yéu té chi
phéi kha ning lan truyén dao dong trong robot.

2.2. Thiét 1ap mé phéng

Phan tich dao dong cudng biic dugc
thuc hién trong Abaqus/Standard bang b giai
Dynamic, Implicit @& mo ta dap tng theo mién
thoi gian. Thoi gian moé phong tir 0 dén 0,2 s
v6i bude thoi gian ty dong, gidi han cuc dai
1x10™s.

Tai dao dong didu hoa duoc ap 1én cac
khau robot nhdm mé phong tac dong tir dong co
dan dong, voi ham kich thich F(t) = F sin(2nft),
trong d6 F = 10 N va f= 20 Hz. Cac khop quay
duoc rang budc theo dac trung dong hoc thuc
té, khong xét ma sat va khe ho dé tap trung vao
dap Gmg dan hoi tuyén tinh.

Diéu kién bién dugc thiét 1ap bang cach
c¢d dinh tuyét ddi dé robot, cac khau con lai dao
dong tu do theo cac bac tu do cho phép. Hinh 3
minh hoa diéu kién rang budc trong mé phong
Abaqus.

Hinh 3. Géan diéu kién rang budc cho canh tay
robot trong phan mém Abaqus

Trong g1a1 doan hau xur 1y, cac dai luorng
duoc trich xuat theo thoi glan bao gom: chuyen
vi (U), vén tbc (V), gia tdc (A). Cac phan bd
truong theo khong gian dugc sir dung dé danh
gia muc do tap trung bién dang va tac dong cia
tai dong lén tirng khau.

3. KET QUA VA THAO LUAN
3.1. Truomg chuyén vi

Hinh 4 trinh bay phan bd d6 16n chuyén
vi ctia robot ba bac tu do trong diéu kién chiu
tac dong dao dong tir cac co cAu din dong. Két
qua cho thiy chuyén vi cuc dai dat khoang
2.73%107 m, xudt hién tai khau chép hanh cudi.
Céc khau gan dé c6 gia tri nho hon dang ké, dao
dong quanh 0—1.0x10° m

Hinh 4. B¢ lon chuyén vi cua robot ba bdc tw do
trong diéu kién chiu tac dong dao dong tir cdac co
cau dan dong

Bién d6 chuyén vi rat nho ching to hé
két cAu c6 do ctng cao va kha nang han ché
bién dang tot. Phan b chuyén vi ting dan theo
chiéu dai chudi khéu 1a phu hop VO’l dac trung
dong luc hoc ctia robot ¢6 cau tric ndi tiép, noi
céc bac xa dé tich lily bién dang tir cac bac phia
trudc.

3.2. Truong vén toc

Hinh 5 thé hién truong van tdc cua hé
thong, vdi van toc cuc dai dat 2.79x10°® m/s
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tai khau cudi, 16n hon khoang mot bac so véi
chuyén vi twong tng. Phan dé gin nhu ding
yén (=0 m/s), trong khi van toc ting dan theo
huéng truyén chuyén dong.

W, Magnitu

Hinh 5. Truong vin toc ciia canh tay robot

Két qua nay phan anh rd anh huong cta
dao dong cudng birc tir cac co cau din dong
nhu sau. Cac khau cang xa gdi ¢ dinh cang dé
bi kich thich dao dong. Phan bd van tbc muot
va khong xudt hién gia tri 4ot bién, cho thay mo
hinh dong luc hoc va diéu kién bién duoc thiét
1ap 6n dinh.

3.3. Truong gia toc

Hinh 6 cho thiy gia toc tip trung chu
yéu tai khau cudi cua robot, trong khi cac khau
gan dé co gia tri gan bang khong. Gia tdc cuc
dai dat khoang 3.16x10°¢ m/s?, phan anh xu
hudng gia ting dao dong theo khoang cach dén
g6i ¢b dinh trong chudi khau nbi tiép.

Hinh 6. Gia toc ciia canh tay robot dudi tic dung
ciia tan sé dao déng.

Gié tri gia toc nho cho thiy dao dong
kich thich chi & mtc vi dao dong, phan anh do
clmg tong thé cao va kha ning giam dao dong
tbt ctia két cdu robot.

4. KET LUAN

Nghién ciru da xdy duyng mé hinh phan
tir hiru han cho robot 3 bac tu do va moé phong
dao dong cudng birc theo mién thoi gian dudi
tac dong cua luc tuan hoan tir co ciu dan dong.
Két qua cho thay chuyén vi, van toc va gia toc
dat gid tri 16n nhat tai khau cudi, phu hop véi
quy luat lan truyén dao dong trong chudi khau
robot. Bién d6 dao dong rat nho, ching to két
ciu c¢6 do cung vimg cao va anh hudng dao
dong dén sai s6 dinh vi 1a khong dang ké. Cac
két qua nay 1a co sé cho viéc danh gia dap ung
dong, toi wu hoa thiét ké va cai thién chién lugc
diéu khién; cac nghién ctru tiép theo c6 thé mo
rong sang phan tich phd tan, da tai trong va xét
dén ma sat, do ro khop. <
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