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TOM TAT

Rung dong do dong co servo la nguyén nhdn chinh gdy sai sé vi tri va giam do chinh xdc
cua robot cong nghiép. Nghién ciru nay mo phong dap vng dao dong cua canh tay robot 5 bdc tw do
khi chiu kich thich cuéng bire diéu hoa bang phan mém Abaqus/Standard. Mé hinh sir dung vt liéu
thép két cdu, voi lwc F(t) = 10 sin(wt), @ = 125.66 rad/s tic dung tai khép goc theo phirong truc Z.
Két qua cho thcfy ung sudt cuc dai dat 25.78 MPa, tdp trung tai khop thir hai, trong khi nang lvong
toan phan giam dan theo thoi gian, thé hién kha ndang én dinh dao dong ciia hé. Mé phong khang
dinh d¢ citng viing tot ciia cdu triic robot va cung cdp co s6 cho viéc toi wu héa thiét ké nham gidam
rung dong servo.

Tw khéa: Canh tay robot,; Phan tich dong luc hoc; Kich thich cwong birc; Rung dong servo;
Phirong phdp phan tir hitu han.

ABSTRACT

Servo motor vibration is the main cause of position error and reduced accuracy of industrial
robots. This study simulates the vibration response of a 5-degree-of-freedom robot arm when
subjected to forced harmonic excitation using Abaqus/Standard software. The model uses structural
steel material, with force F(t) = 10 sin(wt), w = 125.66 rad/s acting at the root joint in the Z-axis
direction. The results show that the maximum stress reaches 25.78 MPa, concentrated at the second
joint, while the total energy gradually decreases over time, demonstrating the system's ability to
stabilize vibration. The simulation confirms the good rigidity of the robot structure and provides a
basis for design optimization to reduce servo vibration.

Keywords: Robot arm; Dynamic analysis; Forced excitation; Servo vibration; Finite
element method.
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1. GIOI THIEU

Trong cac hé thong robot cong nghiép
hién dai, do chinh xac va do 6n dinh dong hoc
clia canh tay robot dong vai tro then chét trong
viéc dam bao hiéu suit 1am viéc va chét luong
san pham. Tuy nhién, rung dong phat sinh tir
dong co servo, dac biét khi hoat dong & tan sb
cao, c6 thé gay ra sai s6 vi tri dang ké, lam suy
giam tudi tho co khi va do tin cay cua h¢ théng.
Vi vay, viéc phan tich dap tng dao dong cua
robot dudi tac dung cua kich thich cudng buc
tir servo 1 can thiét nham nhan dién nguyén
nhan va dé xuat giai phap giam rung.

Trén thé gidi, nhiéu cong trinh da tap
trung nghién ctru moé hinh hoéa va kiém soat
rung dong trong tay may robot. Pritz (2018) da
chi ra rang viéc phan tich tan s6 dao dong 1a co
s& quan trong dé thiét ké va diéu khién robot
chinh xac [1]. Ma va Chen (2019) su dung
phuong phap phan tr hiru han dé mé phong
dap tmg dong luc hoc cua robot song song va
xac thuc bﬁng thuc nghiém [2]. Trong khi do,
Gupta et al. (2020) tap trung vao tdi uu hoa cdu
tric nham giam nhay cam véi rung dong ngoai
[3], con Kim et al. (2021) dé xuat phuong phap
tach biét va triét tiéu rung dong do servo gay ra
trong cac hé thong chinh xéc cao [4].

Tai Viét Nam, huéng nghién ctru nay
cling nhan dugc nhiéu quan tim. Nguyén Vin
Ta va cong sy (2021) da khao sat anh hudng
ctia vat liéu va cdu hinh dén tan s6 riéng cua
robot SCARA [5]. Tran Minh Hoang (2022)
tiép tuc phan tich anh huong cua do cing khép
nbi téi dap tmg dao dong, qua d6 chi ra vai tro
quan trong cua lién két trong viéc lan truyén
rung dong tir dong co dén dau cong tac [6].

Mic du cac nghién ctu trén da dé cap
dén rung dong trong hé thong robot, viéc dinh
luong sai s6 va nang lugng bién dang cia canh

tay robot cu thé khi chju kich thich cudng birc
diéu hoa tur dong co servo van chua dugc xem
xét chi tiét, dac biét ¢ tan s hoat dong phd bién.
Do do, nghién ctru nay tap trung mo phong dap
ung dao dong theo thoi gian cua canh tay robot
5 bac tu do bang phwong phap phan tir hitu han
trong Abaqus, nham danh gia bién thién ning
luong, ing suit va bién dang khi robot chiu tac
dong cudng buc diéu hoa theo truc servo.

2. PHUONG PHAP NGHIEN CU'U
2.1. M6 hinh canh tay robot

Mo hinh dugc nghién clru 1a canh tay
robot cong nghiép 5 bac ty do, bao gdm mot
khép quay tai dé va bon khau lién két ndi tiép.
Hé toa d0 toan cuc duoc xac dinh voi truc Y
huéng 1én, truc X ndm ngang va truc Z hudng
ra. Dé robot duge ¢b dinh hoan toan, mo phong
diéu kién lip dit cung trong thuc té. Hinh 1
dudi day thé hién mo hinh hoa canh tay robot
bang phan mém NX.

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

Toan b cau triic duge gia dinh lam
bang thép két cau, vat li¢u pho bién trong cac
tay may chiu tai trung binh, véi cac thong s6 co

hoc tiéu chudn dugc cho trong bang 1 duéi day: <~

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 337+338, thang 1+2 nam 2026 123
cokhivietnam.vn



NGHIEN CUU - TRAO DPOI

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

Théng s§ 15231 Médun = HEso
g e g dan hodi Poisson
riéng
L. p=7850 E =200 _
Gia tri ke/m? Gpa v=03

2.2. Thiét 1ap kich thich cwdng birc tir chuyén
dong servo

Nguon kich thich dong dugec mé hinh
hoa dudi dang luc didu hoa cudng birc tai khdp
géc, dai dién cho tac dong dao dong tir dong co
servo truyén vao h¢ co khi. Luc duogc ap dung
theo phuong truc Z (CF3), c¢6 dang:

F(t) = 10esin(wt)

Trong d6 ® = 125.66 rad/s, tuong Gng
v6i tan s6 servo 20 Hz — gia trj thuong gap trong
cac robot cong nghiép diéu khién chinh xac.
Bién d¢ dugc dinh nghia trong muc Amplitude
(Amp-1) cua Abaqus, chu ky thoi gian T =
0.5 s, ddm bao mod phong di mot chu trinh dao
dong toan phan. Hinh 2 dudi day thé hién qua
trinh dit diéu kién bién cho robot trong phan
mém Abaqus.

Hinh 2. Pdt diéu kién bién cho robot trong phan

mém Abaqus.

2.3. Phéan tich dong luc hoc theo thoi gian

Mo phong dugce thuc hién bang phuong
phap phan tir hitu han trong Abaqus/Standard,
v6i bude phan tich dong hoc phi tuyén theo
thoi gian. Tong thoi gian md phong duoc chon
1a 0.40 s, cho phép quan sat dap ung dao dong
qué d6 va trang thai on dinh.

Dé xét dén tiéu tan nang lugng ndi tai,
giam chin Rayleigh dugc ap dung thong qua
cac hé s6 o= 0.02 va p = 0.0002, dam bao dap
mg dao dong giam dan tu nhién.

Céc dai lugng dugc trich xuét bao gém:

« S, Mises: Ung suat twong duong Von
Mises, danh gia kha nang chiu tai cua khop noi;

« ETOTAL: Niang luong toan phan, thé
hién sy 6n dinh cua hé thong va mtrc d6 ti€u tan
nang luong.

Két qua mo phong cho phép danh gia
dinh Iugng anh hudng cua rung dong servo dén
d6 on dinh co hoc cua robot, ‘qua do6 cung cap
co so cho cac budc thiét ké, toi wu hoa va kiém
soat dao dong trong tuong lai.

3. KET QUA VA THAO LUAN
3.1. Phén b iing suit Von Mises

Két qua md phong dong luc hoc cho
thay ing suét tap trung chu yéu tai cac khop
nbi va gdc tay may robot, noi truc tiép chiu tac
dung cua luc kich thich cudng buc tr servo.
Gia tri ung suit cuc dai dat khoang 118 MPa,
trong khi than va dau tay may co gia tri thip
hon dang ké. Su phan bd nay phan anh rd anh
huong cua diéu kién bién va do cung cuc bd
ctia khdp ndi trong qua trinh dao dong. Hinh 3
dudi day thé hién phan b ung suat Von Mises
cua canh tay robot trong qué trinh moé phdng.
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Hinh 3. Phdn bé iing sudt ciia canh tay robot diedi
tac dung cua tdi trong diéu hoa.

Hién twong tap trung Gmg suat tai khop
gbc phu hop voi nhan dinh cua Pritz (2018),
khi tac gia chi ra rang cac luc mat cAn bang tir
dong co servo c6 xu hudng gay dao dong manh
& ving gan két cing cla co céu truyen dong
[1]. Bén canh do, két qua ciing dong nhat vai
mo phdong cua Ma va Chen (2019), trong do cac
vung chiu tai dong cudng birc c6 bién do Gng
sudt va bién dang 16n nhéat [2].

So sanh v6i nghién ctru trong nudc,
Tran Minh Hoang (2022) di chiing minh rang
d6 ctimg khop ndi anh huong dang ké dén kha
ning truyén va khuéch dai rung dong, tir do
quyét dinh mirc Gmg suat dao dong tai cac lién
két [6]. Két qua trong nghién ctru nay cho thiy
céc khop ndi ¢6 do cung trung binh tao ra dao
dong 6n dinh hon, tuy nhién van can dugce tdi
uu dé han ché moi vét liéu khi robot lam viéc &
tan s6 servo cao hon.

Nhu vay, két qua mo phong khang dinh
rang Gng suat dao dong tap trung & cac khép
chiu tai cudng burc, ddy chinh 1a yéu t6 quyét
dinh tudi tho va do chinh xac vi tri ctia tay may
robot trong qua trinh lam viéc.

3.2. Phan tich ning lwong toan phan

Do thi ning luong toan phan theo thoi

gian trong hinh 4 du6i day thé hién rd giai doan
tang nhanh nang luong trong 0,05 gidy dau tién,
tuong tmg v6i qué trinh truyén nang lugng dao
dong tir servo vao hé thong. Sau giai doan nay,
nang luong dao dong dao dong diéu hoa quanh
mot gia tri 6n dinh, cho thiy hé thong da dat
trang thai dao dong on dinh

1] (1) A s (X o £x [ Qe

EIOTAL Whale Model

Hinh 4. Bé thi nang heong toan phan theo thoi gian

Két qua nay phan anh cén bang giira
nang lugng dau vao tir servo va nang lugng tiéu
tan do ma sat, giam chan va noi ung suit vat
li¢u. Theo Kim et al. (2021), su dao dong on
dinh nay cho thiy hé thong khong roi vao hién
tugng cong huong va c6 thé duy tri do chinh
xac khi hoat dong & tan sb servo cao [4].

Hon ntra, Gupta et al. (2020) da chung
minh rang viéc t6i wu hoéa hinh dang va phan
b khdi lwong trong canh tay robot c6 thé giam
dang ké nang lugng dao dong ndi bo, nho' do
giam sai sO chuyen vi [3]. Két qua cua mo
phong trong nghién ctru nay cung c6 nhan dinh
do, khi nang luong dao dong cuia hé thong duoc
duy tri 6n dinh ma khéng xuit hién dao dong
cong hudng.

Bleu nay chu’ng mmh rang tan so Servo
20 Hz nam ngoai dai tan so riéng cua céu triic
robot, giup h¢ hoat dong 6 on dinh va tranh duoc
rung dong cong huong — diéu kién tién quyét
cho hoat dong chinh xac trong moi truong cong
nghiép tu dong hoa.
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4. KET LUAN

Nghién ciru ndy di tién hanh mo phong
dap g dao dong cua canh tay robot 5 bac tu
do khi chiu kich thich cudng buc diéu hoa tir
chuyén dong servo bang phuong phéap phan tir
hiru han. M6 hinh duoc xay dung trén nén vat
lidu thép két cau, diéu kién bién cb dinh tai dé
va luc kich thich c6 bién d6 10 N, tan s6 20 Hz
theo phuong thiang dung.

Céc két qua thu dugc cho thay:

> Ung suat Von Mises tap trung tai cac khdp
nbi va phan gbc tay may, noi chiu anh huo‘ng
truc tlep cua tai dong tur servo. Muc ing suét
cuc dai dat khoang 118 MPa, phan anh ro dac
trung dao dong cuc bo va do cimg khong dong
déu ctia hé co cau.

> Ning lugng toan phan ting nhanh trong giai
doan dau, sau d6 dao dong diéu hoa quanh gia
tri 6n dinh, thé hién hé théng dat trang thai on
dinh dao dong ma khéng Xudt hién cong huong.
Diéu nay chirng minh rang tan so kich thich 20
Hz nam ngoai da1 tan sd riéng cua robot, giup
duy tri hoat dong 6 on dinh va chinh xéc.

Tir két qua nay, c6 thé két luan rang viéc
phéan tich dap Gng d()ng luc hoc béng FEM Ia
cong cu hiéu qua dé danh gia do on dinh va sai
s6 chuyén vi cua tay may robot khi chiu kich
thich tir servo. Két qua khong chi gop phan
dinh lugng anh hudng cua rung dong cudng
birc, ma con mo ra hudng tdi wu hoa thiét ké
hinh hoc va ciu trac khdp ndi nham giam thiéu
rung dong, nang cao do chinh xac va tudi tho
van hanh ctia robot cong nghiép. <+
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