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TOM TAT

Nghlen cleu mo phong dap ung dao dong cua canh tay robot dwoi kich thich cuong burc tir
servo bangphu"ongphapphan twr hitu han. Mo hlnh dwoc kich thich theo dang F(t) = IOSln(a)t) VOi
tan s6 20 Hz, va cdc dai hm’ng chuyén vi, gia toc, nang lu"ong bién dang diwgc phan tich. Két qua
cho thdy bién do dao dong rdt nho, khéng gady sai s6 dang ké cho chuyen dong robot, va hé thong
nhanh chong on dinh ma khong xudt hién cong hwong. Két qua cung cdp co sé dinh lwong cho thiét
ké va diéu khién robot nham han ché rung va tang dg chinh xdc.

Tir khéa: Cdanh tay robot; Dao dong cuéng birc; Servo; FEM; Nang lwong bién dang.
ABSTRACT

The study simulates the vibration response of a robot arm under forced excitation from a
servo using the finite element method. The model is excited in the form of F(t) = 10sin(wt) with
a frequency of 20 Hz, and the displacement, acceleration, and deformation energy quantities are
analyzed. The results show that the oscillation amplitude is very small, does not cause significant
errors in the robot motion, and the system quickly stabilizes without resonance. The results provide
a quantitative basis for robot design and control to limit vibration and increase accuracy.

Keywords: Robot arm,; Forced oscillation; Servo; FEM; Strain energy.

1. GIOI THIEU cudng bic 13 can thiét cho t6i wu thiét ké va
diéu khién.

Phan tich dong lyc hoc tay may robot

dong vai tro then chdt trong viée dam bao do
chinh x4c va 6n dinh cua hé thong trong moi
truong cong nghi¢p. Dao dong phat sinh tir
servo hodc tai trong bién d6i c6 thé gay sai léch
vi tri va lam giam tudi tho co cau, do dé viéc
md phdong dap ung dao dong dudi kich thich

Trén thé giGi, nhidu nghién ctru di tap
trung vao van dé nay. Pritz (2018) chi ra tam
quan trong ctia phan tich pho tan so dé tranh
vung cong huong [1]. Ma & Chen (2019) két
hop mé phong FEM va thyc nghiém dé du

doan chinh xac bién d6 rung tai cac khép [2]. <
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Gupta va cong su (2020) dé xuét toi uu cau tric
dva trén dang dao dong riéng nhim ting do
cung va giam rung [3]. Kim va cong sy (2021)
ching minh hiéu qua cia viéc diéu chinh tham
s6 servo két hop giam chan cau tric dé triét tiéu
rung dong [4].

Tai Viét Nam, cac nghién ctu cling
dang phat trién theo huéng thuc tién. Nguyén
Van Tu va cong su (2021) phan tich anh huéng
clia vat liéu dén tan sb riéng robot SCARA va
dé xuat lya chon vat lidu c6 mo-dun 16n dé
tranh cong huong [5]. Tran Minh Hoang (2022)
nhan manh vai tro cia do ctmg khop noi trong
lan truyén va khuéch dai rung dong [6].

Toéng quan cho thiy phan 16n nghién
ciu hién nay tip trung vao phan tich modal
hodc dép tng tong quat, trong khi mo phong
chi tiét dao dong cudng burc trong mién thoi
gian duéi kich thich diéu hoa tir servo van con
han ché. Bai bio nay nham khic phuc khoang
tréng d6 bang cach mé phong dap tmg dong
hoc tay may robot & tan s 20 Hz theo phwong
phap phan tir hiru han, dénh gia cac dai luong
chuyén vi, gia toc va nang lugng bién dang. Két
qua thu duoc 1a co s¢ cho du doan sai ) dong
hoc va thiét ké diéu khién giam rung cho robot
cong nghi¢p chinh xéc cao.

2. PHUONG PHAP NGHIEN CUU
2.1. M6 hinh hinh hoc va diéu Kién bién

Mo hinh canh tay robot dugc xay dung
dva trén ciu trac 5 bac ty do pho bién trong
robot cong nghiép, gom dé cb dlnh khop quay
chinh, khép trung gian va tay gap & dau cubi.
Hinh hoc mé phong duoc thiét ké trong NX va
chuyén sang Abaqus duéi dang mo hinh khi
ran 3D. Hinh 1 trinh biy mé hinh canh tay
robot trong Abaqus.

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

Vit liéu sir dung cho toan b tay may la
thép két cau, vdi cac thong so dac trung dugc

thé hién trong bang 1.

Bang 1. Thong $6 vat lidu cua thep két cau

Théng sb hli{l Gia tri | Pon vi
Khéi lugng riéng p 7850 kg/m?
Mo dun dan hoi E 200 Gpa

Hé sb Poisson v 0.3 -

Dé robot dugc ¢b dinh hoan toan dé mé
phong diéu kién lap dat thyc té khi tay may gin
vao nén hoic khung cimg. Luyc kich thich dong
duogc tac dung tai dau cudi canh tay robot theo
phuong Z, v&i bién d6 10 N va tan sb servo f=
20 Hz, c6 dang:

F(t) = 10 sin(ot)

Phan tich st dung mo6 hinh dong hoc
theo mién thoi gian nham danh gia dap ung
dao dong cudng buc. Céc dai lugng dugc trich
xudt gdm chuyén vi, gia tbc va ning lugng bién
dang toan phan cua hé. Hinh 2 minh hoa qua
trinh thiét 1ap diéu kién bién trong Abaqus.
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Hinh 2. Piéu kién bién ciia canh tay robot trong
phan mém Abaqus

Cac phan tir s dung trong luéi la
C3D10 dé dam bao d6 chinh xac cao tai céc
ving cong va khdp nbi. Sau khi hoi tu ludi
duoc kiém tra, md hinh dugc st dung dé tinh
toan dap tng dao dong dudi tac dong cua diéu
kién bién d thiét 1ap. Hinh 3 duéi day thé hién
qué trinh chia ludi canh tay robot trong phan
mém Abaqus.

Hinh 3. Chia luéi canh tay robot trong phan mém
Abaqus

2.2. Thiét 1ap md phéng va cac tham s tinh
toan

Mo phong dugc thuc hién trén Abaqus/
Standard véi mo-dun Dynamic, Implicit dé
phan tich dao dong cudng birc theo mién thoi
gian, nham xac dinh chuyén vi, gia tbc va ning
luong bién dang cua tay may robot dudi kich
thich tuan hoan tir servo.

Bai toan giai trong khoang 0-0,4 s
(tuong mg tan sb 20 Hz), véi thoi bude tu
dong t6i da 1x10* s d& dam bao hoi tu. Luc
kich thich tai dau tay may dugc mé ta bai: F(t)
= F sin(2nft), F =10 N, f =20 Hz.

Céc khép duoc gia dinh lién két cimg,
bo qua do ro va ma sat. Ma tran khéi lugong
hinh thanh theo phwong phap truc tiép dé ting
d0 chinh xac.

Két qua trich xuét theo mién thoi gian gom:

. Chuyén vi cuc dai tai dau tay may;
* Gia toc dao dong;
* Nang lugng bién dang toan phan.

Céac dir liéu nay dugc st dung dé danh
gia dap ung dong hoc va do on dinh cua robot
dudi kich thich cudng buec.

3. KET QUA VA THAO LUAN
3.1. Phan tich chuyén vi

Pap ung chuyén vi ctia canh tay robot
dudi kich thich cudng buc tir dong co servo
dugc danh gid dwa trén do 16n chuyén vi tai
trang thai dao dong 6n dinh. Hinh 4 thé hién
phan bd truong chuyén vi trén toan bd mé hinh
khi h¢ da dat trang thai 6n dinh duéi tac dung
luc F(t) = 10 sin(wt).

U, Magnitude

Hinh 4. Chuyén vi canh tay robot duéi tac dung
cua luc F(t).
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Két qua cho thiy chuyén vi cuc dai cia
hé dat 4.257x107'° m, tap trung tai dau canh tay
robot — vi tri xa dé nhét, noi bién d6 dao dong
tich Ity 16n nhat. Miac du ddy 1a ving nhay cam
nhat cua tay may, gia tri chuyén vi cuc dai chi
khoang 0,426 nm, cho thay bién d6 bién dang
1a rat nho. Piéu nay chimg minh rang ¢ tin sb
kich thich 20 Hz, rung dong do servo gay ra
hau nhu khong anh huong dén do chinh xéac
dinh vi trong cac tng dung robot cong nghiép.

3.2. Phan tich gia tdc

Truong gia toc tai trang thai 6n dinh
duoc trinh bay trong Hinh 5. Gia tdc cuc dai
clia hé dat 2.574x10~5 m/s?, tap trung chu yéu
tai diém cudi va cac khop xa dé. Gia tri nay
nho hon rat nhidu so véi gia toc trong trudng,
cho thdy rung dong cudng buc & tan s6 20 Hz
khong tao ra dao dong dang ké d6i vi cau tric
robot.

Két hop v6i két qua chuyén vi vi mo, ¢o
thé khang dinh canh tay robot bang thép so hitu
do cung dong hoc cao, khong xuét hién khuéch
dai cong huong trong diéu kién md phong.
Piéu nay dam bao tinh 6n dinh va do bén khi
robot lam vi€c trong moéi truong cong nghiép.

A, Magnitude

Hinh 5. Gia téc ciia canh tay robot duwdi tac dung
cua lyc F(t).

3.3. Phan tich ning lwong bién dang

Hinh 6 cho thay sy thay doi nang lugng

bién dang ctia canh tay robot dudi luc F(t) = 10
sin(ot). Trong giai doan qua dd (0-0,1 s), nang
luong tang nhanh va dat cuc dai 25x10°J tai t=
0,055 s, sau d6 giam manh khi hé tién vao trang
thai 6n dinh. O trang thai on dinh, nang luong
duy tri & muc rat thap, ching to tan sb kich
thich khong tring véi tan s6 cong huong cta
ciu tric va khong gy khuéch dai dao dong. Xu
huéng nang lugng giam dan khang dinh co ché
tiéu tan hoat dong hi¢u qua va mé phong dat do
6n dinh cao.

LEE Whols Vooul

Hinh 6. Phan tich phé nang lwong ciia canh tay
robot dudi tac dung cua luc F(t)

4. KET LUAN

Nghién ctru dd@ mé phong thanh cong
dap ung dong luc hoc cta canh tay robot 5 bac
tu do bang thép dudi kich thich cudng birc tir
servo ¢ tan s6 20 Hz bang phuong phap phan
tir hitu han theo thoi gian, dong thoi dinh lugng
sai s0 Vi tri do rung dong.

Céac két luan chinh:

« On dinh dong luc hoc: He théng dat
trang thai 6n dinh sau t ~ 0,1 s. Ning luong bién
dang toan phan duy tri rat thp (5-7x10° J),
chimg to tan s6 20 Hz khéng gay cong hudng
nghiém trong.

« Sai s6 dinh vi va rung dong: Chuyén vi
cuc dai 4,26x107'° m, gia tde cuc dai 2,57x10°
m/s?, déu & muc vi md. Rung dong servo gan
nhu khong anh hudng dén d6 chinh xac, khang
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dinh d6 ctng dong hoc cao cua canh tay robot
thép.

Nghién ctru cung cip co so dinh luong
dé danh gia do chinh xac va do bén cua robot
trong moi trudng cong nghiép. Nghién ctru tiép
theo c6 thé tap trung vao dap ung dong luc hoc
tai cac tan s cong hudng tiém ning va giai
phap giam chén. <
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