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TOM TAT

Robot céng nghiép ngdy cang dwoc ting dung réng rdi trong san xudt hién dai, nhung chi
phi cao van la rao can véi cdc doanh nghiép vira va nho. Nghién cuu nay tap trung thiét ké mét
robot sdu béc tw do ¢6 tinh kinh té, trong do khdu chinh ciia canh tay robot dwoc t6i wu hoa Phu"O'ng
phap phan tir hitu han (FEM) trén phan mém Abaqus dwoc sir dung dé phan tich u’ng sudt, chuyén vi
va bién dang duwdi tai tinh, qua dé xdc dinh cdc viimng nguy hiém va danh gia @6 bén — dé cimg cia
két cdu. Két qua toi wu héa da muc tiéu cho thdy khéi lwong dwege giam ddng ké trong khi van dam
bao yéu cau co hoc, khang dinh hiéu qua ciia FEM va Abaqus trong thiét ké va cdi tién robot cong
nghiép.

Tir khéa: T6i wu hod; BJ bén; P citng; Phwong phdp phan tir hitu han; Cdnh tay robot.
ABSTRACT

Industrial robots are increasingly widely used in modern manufacturing, but high costs
are still a barrier for small and medium-sized enterprises. This study focuses on designing an
economical six-degree-of-freedom robot, in which the main link of the robot arm is optimized.
The finite element method (FEM) on Abaqus software is used to analyze stress, displacement and
deformation under static load, thereby identifying dangerous areas and evaluating the strength and
stiffness of the structure. The multi-objective optimization results show that the mass is significantly
reduced while still ensuring mechanical requirements, confirming the effectiveness of FEM and
Abagqus in designing and improving industrial robots.

Keywords: Optimization, Strength, Stiffness, Finite element method; Robotic arm.

1. GIOI THIEU lwong nhe tré nén cép thiét nham dam bao van
hanh linh hoat va tiét kiém chi phi.

Robot cong nghi¢p ngay cang dong

vai trd quan trong trong san xuét hién dai, dic
biét trong cac linh vuc han, lap rap, boc xép va
gia cong chinh xac. Do d6, viéc thiét ké canh
tay robot c6 hiéu suét cao, do cung tdt va khoi

Trén thé gidi, nhiéu nghién ciru da tng
dung mo phong va tdi uu hoa dé cai tién két cAu
robot. Pupaza va cong su [1] sit dung cong cu
CAE dé danh gia va cai tién hinh hoc robot. Li
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et al. [2] 4p dung phuong phap phan tir hiru han
(FEM) trong thiét ké tay robot phé d, xac dinh
ving tap trung tmg suit va dé xuit gia cuong.
Chen [3] két hop FEM véi thuat toan tdi wu
dé giam khéi lwong va nang cao hiéu sut cho
robot sau bac tu do.

Tai Viét Nam, Tran Thanh Hai Tuén
va cong sy [4] t6i wu hoa hinh hoc khau canh
tay robot Delta bang phuong phap topology,
gitip giam khoi lugng ma van dam bao do bén.
Nhoém sinh vién Truong DPai hoc Bach khoa Ha
Noi [5] ciing thiét ké ban tay robot h trg nguoi
khuyét tat, song chua phan tich (mg suit — bién
dang hay ti wu hoa céu trac bang FEM.

Tir téng quan trén, c6 thé thdy FEM
mang lai hi¢u qua cao trong phan tich va cai
thién thiét ké robot. Tuy nhién, cac nghién ctru
két hop diy du gitra m6 phong Abaqus, phan
tich tinh hoc va t6i wu hoa da muc tiéu cho ting
khau riéng 1é van con han ché. Nghién ctru nay
huéng dén viéc xay dung mé hinh s cho mot
khau chinh ctua canh tay robot sau bac tu do,
tién hanh phén tich tinh hoc va ti vu héa da
muc tiéu dé giam khdi lugng, dong thoi dam
bao d6 bén va do cung theo yéu cau ky thuat.

2. PHAN TiCH TINH HQC KHAU CHIiNH
2.1. Ly thuyét co ban vé phan tir hitu han

Phén tich phan tir hiru han (FEM) 1a
cong cu quan trong trong thiét ké va danh gia co
hoc két ciu, dic biét hiéu qua v6i cac hé thong
robot cong nghi€p cd hinh dang phic tap va
tai trong thay d6i. Trong nghién ctru nay, FEM
dugc str dung dé phan tich ting suat, chuyén vi
va bién dang dudi tai tinh ctia khau chinh trong
canh tay robot sdu bac tu do.

Mo hinh 3D cua khau canh tay 16n dugc
thiét ké trong NX, sau d6 don gian hoa bang

cach loai bo céc chi tiét nho kh(")ng anh huong
dén két qua mo phong va xuét sang Abaqus dé
gan vat liéu, diéu kién bién va tién hanh phan
tich tinh hoc.

Hop kim nhom (Al) dugc chon nho dac
tinh nhe, bén va dé gia cong, thay thé cho thép
truyén thong nham giam khdi luong ma van
dam bao dd cung. Ngoai ra, cac vat li¢u nhe
khac nhu Mg, Ti va CFRP ciing duoc dé cap
nhu xu hudng thiét ké robot hién dai.

Trong qué trinh chia ludi, phan tir t
dién dugc su dung dé phu hop véi1 hinh hoc
phuc tap. Ludi dugc thiét l1ap tor murc toan cuc
dén tinh chinh cuc b tai cac ving ¢6 kha ning
tap trung mg suat, dam bao do chinh xac va do
tin cdy cta két qua phan tich.

Hinh 1. Mo hinh hoa robot sau bdc tw do bcfng
phan mem NX.

2.2. Phin tich irng suit, chuyén vi ciia khau
chinh

Hinh 2 thé hién két qua phan tich phan
tu hitu han cua khau canh tay 16n dudi tai tinh.
Ung suit Von Mises cuc dai dat khoang 15,14
MPa, tip trung tai cac ving ddu mut chiu tai

va tiép xuc lién két, trong khi phan than giita <~
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chi chiu ng sudt 2-8 MPa, cho thdy phan b
ung suat déu va khong co6 hién tuong tap trung
nghiém trong.

Két qua bién dang toan phan cho thiy
chuyén vi cuc dai khoang 0,055 mm tai dau
xa cua chi tiét, con ving gbc hau nhu ¢b dinh.
Phén bd bién dang lién tuc, phan anh tinh dan
héi tuyén tinh 6n dinh cua két cau.

Nhin chung, khau canh tay l6n lam vi¢c
an toan véi tmg suét thap hon nhiéu so véi giéi
han chay cua hop kim nhom (~250 MPa). Tuy
nhién, d6 bién dang twong ddi 16n c6 thé anh
hudng dén do chinh xéac, do d6 can t6i wu hoa
hinh hoc tai cac viing bién dang cao dé ting do
ctmg ma khong lam tang khi luong dang ké.

Hinh 2. Ung sudt va chuyén vi ciia khdu chinh

trueée khi t6i uvu hod.
2.3. Thiét ké t6i wu hoa

Téi wu héa da muc tiéu duge thuc hién
bang cach xdy duyng mé hinh tham s6 hoa gém
cac tham sd kich thudce, vat liéu va tai trong,
trong d6 tiéu chi vu tién 1a chuyén vi tbi da cua
khau chinh khéng vuot qué 0,05 mm. Qua trinh
t6i wu dugc tién hanh trong moé-dun t6i wu hoa
ctia Abaqus, cho két qua tng suét va chuyén vi

thé hién ¢ hinh 3. Két qua cho thiy sau khi tdi
uu hinh hoc, khoi lugng giam nhung cau tric
van dam bao kha nang chiu tai tot.

Ung suat Von Mises cuc dai sau tdi uu
dat 15,98 MPa, chi tang nhe so voi 15,14 MPa
ban dau va van thip hon nhiéu so véi gi6i han
chay cua hop kim nhom (~250 MPa), chiing to
két cau lam viéc an toan trong ving dan hoi.
Chuyén vi cyc dai giam tir 0,055 mm xudng
con 0,042 mm, cho théy do cing téng thé duoc
cai thién.

Dang chu ¥, sau t6i wu hoa, ving chiu
g suat va bién dang cao dugc phan bd déu
hon, khong con tap trung cuc bg, giup gidm
nguy co méi va ning cao tudi tho ctia khau
chinh.

Hinh 3. Ung sudt va chuyén vi cia khdu chinh sau
khi toi wu hod.

2.4. Phan tich tinh hoc canh tay robot hoan
chinh

Cénh tay robot duoc mé hinh hoé bang
ph?m mém NX, cic canh vat, 13 ren va cac ciu
truc phuc tap khac dugc loai bo dé t6i vu hoa
thoi gian m6 phong ma khong anh huéng nhiéu
dén két qua md phong. Két qua mod phong
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chuyén vi tong thé cua canh tay robot ¢ trang
thai tinh dugc thé hién nhu hinh 4 dudi day.

Hinh 4. Chuyén vi tong thé ciia canh tay robot.

Hinh mé phong cho thay két qua phan
tich chuyén vi toan phan cua canh tay robot sau
bac tu do dudi tai tinh. Chuyén vi 16n nhat dat
khoang 0,264 mm tai dau cong tac — vi tri chiu
tai trong ngoai truc tiép. Dai mau tir xanh dén
d6 thé hién su ting dan cta chuyén vi tir goc
dén dau robot.

Phan dé va cac khau gc gan nhu khong
dich chuyén, chimg t6 diéu kién lién két duoc
ap dung chinh xac. Cac khau trung gian cé
chuyén vi tang dan, phan 4nh co ché truyén lyc
hop ly.

Gia tri chuyén vi cuc dai dudi 0,3 mm
cho thiy robot c6 do cimg t6t, dap img yéu cau
cong nghi¢p thong thuong. Tuy nhién, vdi cac
g dung can do chinh xac cao, bién dang nay
can duoc kiém soat chat chd hon. Co thé nang
cao do cing bang cach gia cuong tiét dién,
chon vét liéu c6 mé dun dan hdi cao hon hodc
toi wu hoa hinh hoc.

3. KET LUAN
Bai bdo trinh bay qua trinh thiét ké, mo

hinh hoa va toi vu hoa mot khau chinh cta canh
tay robot sdu bac tuy do nham giam khoi lugng

nhung van dam bdo kha ning chiu tai. Phan
tich bang phuong phap phan tir hitu han trén
Abaqus cho thdy mé hinh ban dau c6 (mg sut
cuc dai 15,14 MPa va chuyén vi 0,055 mm. Sau
t6i wu hoa da muc tiéu, khdi luong giam, ing
suat ting nhe 1én 15,98 MPa, trong khi chuyén
vi gidm con 0,042 mm, thé hién do cung duoc
cai thién ro rét.

M6 phong toan bo robot cho thiy
chuyén vi cuc dai tai dau cong tac chi 0,264
mm, ching to clu trac dat do cing cao, phu
hop véi ung dung cong nghiép. Két qua khang
dinh hiéu qua cua phuong phap phéan tir hiru
han két hop t6i uu héa hinh hoc, dong thoi dé
xuat hudng tmg dung CAE hién dai trong thiét
ké co khi cho doanh nghiép vira va nho. <
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