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TOM TAT

Trong boi canh phat trién khoa hoc ky thudt va tri tué nhan tao, viéc ing dung robot thay
thé con nguoi trong nhiéu linh vuee dang tré thanh xu hiedng tai cdc quoc gia phdt trién. Bdi bdo
nay tdp trung nghién civu, tinh todn va thiét ké mé hinh robot ¢é kha nang kiém tra, gidm sdt va
phat hién s ¢é tai ti phdn phéi dién trong nha mdy. Robot dwoc thiét ké véi co cdu di chuyén trén
dwong ray, tich hop camera, cam bién va xi lanh dién dé quan sat, do dac khu viee tii dién. Nghién
cieu xudt phat tir nhu cdu thye tién trong doanh nghiép, nham ndng cao an toan lao ddng, giam riii
ro cho con nguoi va cdi thién hiéu qua cong tdc bao tri hé thong phdn phéi dién cong nghiép.

Tir khéa: Robot; Robot dan huéng theo ray; Van hanh va bao tri; Tii dién phin phéi; Tuw
déng héa cong nghiép, Phat hién si co.

ABSTRACT

With the rapid advancement of science, technology, and artificial intelligence, the
deployment of robots in industrial applications has become an emerging trend. This paper presents
the conceptual design of a rail-guided robotic system integrated with a camera, sensors, and an
electric actuator for monitoring, measurement, and fault detection in electrical distribution cabinets
within manufacturing facilities. The proposed approach addresses practical industrial demands by
enhancing workplace safety, mitigating human risks, and improving the efficiency and reliability of
electrical maintenance operations.

Keywords: Robotics, Rail-guidedrobot; Operation and maintenance, Electrical distribution

cabinet; Industrial automation; Fault detection. &
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% GIOI THIEU

O cac nudc phat trién, robot duoc st
dung pho bién trong nhiéu linh vuc nhu trong
san xut, y té, dich vu. Gop phﬁn dem lai nhiéu
loi ich to 16n cho doi sdng con ngudi. Tai Viét
Nam, vi¢c phat trién robot van con méi mé va
chua phat trién manh. Ngay nay, tai cac nha
may cong nghiép 16n khong nging dugc mo
rong va doi hoi cac thiét b, may moc phai duoc
véan hanh lién tuc va dam bao su 6n dinh. Cho
nén viéc giam sat va bao tri ti phan phdi dién
dong vai tro 16n trong vi¢c van hanh nha may.
Ngoai ra, cac cong viéc bao tri ti dién phan
phdi thuong duge kiém tra tryc tiép tir con
ngudi. Piéu ndy gy nguy co tiém an vé van
dé dién giat, chay nd anh huéng dén con nguoi.
Robot van hanh va bao tri ti phan phdi dién
& cac nudc phat trién di dwoc sir dung trong
cac nha may cong nghiép va dem lai hiéu qua
cao. Tuy nhién ddi v6i nudc ta thi robot nay
van chua dugc ap dung nhiéu trong céc nha
may. Nam bt dugc xu hudng va tinh hinh trén,
nhom da tién hanh nghién ctru thiét ké mé hinh
robot van hanh va bao tri ti phan phdi dién voi
két cau don gian va tdi wu chi phi, gop phan
phat trién cho nganh céng nghiép nudc ta.

(*) Thuc trang va thach thirc

Trong cac hé thdng dién cong nghiép va
tda nha, ta phan phdi dién dong vai tro then
chét trong viéc cung cap va bao vé dong dién.
Tuy nhién, hién nay viéc van hanh va bao tri
van chu yéu dya vao con ngudi, tiém an nhiéu
rui ro nhu dién giat, chay nd, hodc gian doan hé
thong [1]. Cac su cb thuong gip bao gdm qua
nhiét tai diém ddu ndi, hong hoc thiét bi dong
cit, va suy giam hi¢u suat do bui, d6 Am hodc
lao hoa vat li¢u [2].

Mot thach thire 16m 1a viéc kiém tra dinh

ky thudng mang tinh thu cong, ton nhiéu thoi
gian va kho phat hién kip thoi cac hu hong tiém
an [3]. Ngoai ra, xu huéng phu tai ngay cang
ting, cung v&i yéu cau van hanh lién tuc 24/7,
khién cong tac bao tri thu cong trd nén kém
hiéu qua va rui ro cao [4]. Do d6, can giai phap
tu dong hoa vi¢c van hanh nham nang cao do
an toan, tin cdy va tdi wu chi phi.

(*) Giai phap va muc tiéu nghién ciru

Mot trong nhiing giai phap kha thi
1a tmg dung robot di dong tich hop hé thong
camera va cam bién, co kha ning giam sat moi
truong va phat hién bat thuong trong tu dién.
Robot c6 thé thuc hién cac nhiém vu nhu do
nhiét d6 — d6 am, phat hi¢n diém nong béng
cam bién hong ngoai, giam sat tinh trang hoat
dong cua thiét bi dong cét, va canh bao som su
co [5].

Muc tiéu nghién ctru tap trung vao:

- Thiét ké robot giam sat co kha ning
van hanh trong moéi trudong tu phan phoi dién;

- Tich hop IoT dé truyén dir liéu giam
sat theo thoi gian thuc, phuc vu cho viéc phan
tich va dy bao hong hoc;

- Nang cao d6 chinh xac gidm sat, giam
thiéu rui ro cho con nguoi, dong thoi toi vu hda
chi phi van hanh va bao tri [6].

1. NQI DUNG NGHIEN CUU

1.1. Thiét ké mo hinh va nguyén ly hoat dong
Mb hinh ¢6 3 phan chinh: thanh ray di

chuyén, phan than trén va phan than dudi robot.

M0 hinh dugc tinh toan va thiét ké dé dam bao
robot di chuyén duoc trén thanh ray ma khong
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bi rung lic. Ngoai ra, mo hinh dugc thiét ké phu
hop voi chiéu cao cua cac tu dién trong nha may.

Thanh ray c6 dang doan thang dugc lam
béng hai doan sét 6ng @27mm duoc lién két lai
v6i nhau bang cac thanh sat vuong 10x10mm
bang cac mdi han. Kich thuéc duong ray
1400%150mm.

Robot di chuyén trén thanh ray nho hé
thong banh xe chir V, gdm hai banh chinh dan
dong va bdn banh phu giit 6n dinh. Pong co
bude truyén dong qua banh ring con va bo dai
dén truc banh chinh, tao chuyén dong chinh xéc
va ém. Than robot tich hop cam bién, camera
va c0i — dén canh bao dé giam sat nhi¢t do - do
am mai truong, cac diém ndng trong tu dién va
phat hién sy cb.

KRS nguln Kni clem bk
(e vemvmmen - ossen
4—"'""_;".-#
Khii chiip hanh

Hinh 1. So' do6 khéi nguyén Iy hoat dong ciia robot
1.2. Cac thiét bi chinh
1.2.1. Khoi dpng co va truyén dong

Bo truyén dong cua robot gdbm: Pong

co budc, banh rang con, bo truyén dai, banh xe
di chuyén chinh.
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Hinh 2. So' do khoi truyén dong cua robot
1.2.2. Khéi cim bién

Robot thuc hién cac tac vu gém: Camera

giam sat, do nhiét do - do am moi truong, do
nhiét do bén trong tu.
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Hinh 3. Cdc cam bién trén robot
1.2.3. Cdc thiét bi khdc
Ngodi cic co cdu truyén dong va cam

bién, robot con dugce tich hop thém céc thiét bi
thuc hién cac tac vu hién thi, canh bao,...
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Hinh 4. Cac tac vu khdc trén robot

2. MO HINH THU'C NGHIEM

Hinh 5. Ldp mé hinh co khi

Hinh 6. Tu dién va mo hinh robot thuc e
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Hinh 7. So' do thudt todn
3. THU'C NGHIEM VA PANH GIA
3.1. Pic diém cong nghé

Robot khoi dong tai vi tri xuét phat, di
chuyén trén dudng ray dén cac ta dién da dinh
san. Tai moi vi tri, camera va cam bién thuc
hién quan sat, do nhiét 46 — do am va quét héng
ngoai bén trong tu.

Dit liéu dugc truyén vé may chu dé giam
sat. Néu chi s6 vugt ngudng an toan, robot phat
canh bao bang coi va dén; nguoc lai, robot tiép
tuc di chuyén dén ta ké tiép va 1ap lai quy trinh.

3.2. Lién két man hinh diéu khién va robot

Robot duoc didu khién tir xa théng qua
phan mém E-Ra trén may chu tir phong diéu
khién boi nguoi van hanh hodc trén dién thoai
thong minh c6 cai dit phan mém E-Ra.

o

Hinh 8. Giao dién trén may chu van hanh trén
laptop va dién thoai

3.3. Thuc nghiém robot

Qua trinh thir nghiém 1 qua trinh kiém
chting va dé danh gia tinh 6n dinh, d6 tin cay
va ché do 1am viéc hop 1y robot van hanh. Yéu
t6 dau vao, nhom tac gia xay dung dua theo cac
tinh hudng mé phong sau: cho robot van hanh
va mé phong do chi s6 nhiét do - do 4m moi
truong cua ta dién tai phong PTN CAD/CAM
CNC co ban 1 cua Truong Dai hoc Su pham K¥
thuat Thanh phé H6 Chi Minh véi:

- Nhi¢t do phong: 27°C;

- Nhiét do tu dién: 25°C;

- Do am xudng: 56%;

- Khoang cach ly tuéong do nhiét do cua
cam bién theo nha san xuét 1a 15-30cm [8].
Nhom lga chon khoang céch robot cach mat tu
25cm dé tién hanh thuc nghi¢m.
3.4. Két qua thwe nghiém

Robot dung lai trudc vi tri can do kiém,

cac cam bién va camera tién hanh do, quan sat,
thu thap dir li€u va giri vé may chu.
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Bdng 1. Tong hop két qua thiee nghiém

Nhiét 49 | Nhiét | Do dm Sai léch
xuong dota | xwéng | (xwéng/ti) Man hinh gia tri do Danh gia
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*Nhan xét sd lan thir nghiém cac
khoang, ta dugc dir liéu ket qua nhu sau:

- Két qua do ¢ khoang cach 10cm so voi
mat ti: Sai Iéch trung binh tai xudng 1a 0.43 %
va ti 14 0.46 % — Cam bién c6 xu hudng do
cao hon gia tri chuén nhe, nhung sai 1éch nho
hon 0.5% nén van dam bao do chinh xac va 6n
dinh t6t trong diéu kién phong diéu hoa.

- Két qua do ¢ khoang cach 25cm so véi
mat ti: Sai l€ch gitra cac lan do déu 0.1%, cho
théy cam bién hoat dong cuc ky on dinh trong
moi trudng c6 diéu hoa. Trung binh sai 1éch cua
xuong 13 0.05% va ta 14 0.03% — Hé thong dat
d6 chinh xéc cao, sai s gan nhu khong dang ké,
phu hop cho tng dung giam sat nhiét do ta dién.

- Két qua do ¢ khoang cach 40cm so véi
mat tu: Sai léch trung binh ctia xuong 1a 0.43 %
va cta ti 14 0.46 % — Cam bién c6 xu hudng
do thap hon thyc t& mot chat, nhung van trong
gidi han cho phép (0.5 %), chimg t6 van dam
bao d6 tin cay khi st dung trong ti dién co diéu
hoa 6n dinh.

- Két qua thuc nghiém canh bio an ninh
& khoang cach 25cm cho thiy: S6 lan dat yéu
cau: C6 4/10 lan (1an 1, 3, 6, 8) nam hoan toan
trong ngudng cho phép, hé théng hoat dong 6n
dinh; Sé 1an vuot ngudng so voi muc da cai
dat: Co 6/10 lan xuét hién canh bao (2, 4, 5, 7,
9, 10); Sb 1an vuot ngudng so véi muc da cai
dat: C6 6/10 1an xuat hién canh bao (2, 4, 5, 7,
9, 10).
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> Qua cac lan thuc nghiém, hai cam bién
MLX90614 (do nhiét d6 hdng ngoai) va DHT21
(do nhiét d6 — d6 4m mdi truong) déu cho thay
d6 6n dinh va do chinh xac cao trong qua trinh
hoat dong.

Sai 1éch trung binh gitra cac lan do chi
nam trong khoang £0.5%, hoan toan khong anh
huong dén kha ning giam sat va canh bao nhiét
do cua hé théng.

Trong diéu kién lip dat bén trong khong
gian hep cua tu dién, cam bién hoat dong hi¢u
qua trong pham vi 0-50 cm, véi khoang cach
t6i ru 25cm. O khoang cach nay, tin hiéu do on
dinh, phan 4nh chinh xé4c su thay doi ctia nhiét
do va d6 4m bén trong tu. Cho tin hi¢u do on
dinh va tin cdy. Két qua ching minh hé thong
dap ung t6t yéu cau giam sat tu dong, gitp canh
béo sém va dam bao an toan thiét bi dién.

Dic biét, khi ti dién duoc bd tri trong
phong ¢6 diéu hoa nhiét do on dinh (26-27°C,
d6 am 50-60%), sai I¢ch do cua cam bién duoc
gilt dudi £0.5°C, dap tmg t6t yéu cau vé do
chinh xdc trong moi trudng cong nghi¢p.

Céac cam bién va hé théng canh bao an
ninh dép Ung tot chiic ndng phat hién gia tri
vuot ngudng va phat canh bao an ninh.

4. KET LUAN

Thuc nghiém cho thay cam bién hoan
toan dap Gmg tiéu chudn st dung trong hé théng
giam sat ty dong ta dién, giup nang cao do tin
cdy, canh bao sém sy c¢d nhiét va dam bao an
toan thiét bi dién.

Nghién ctru thiét k& mo hinh robot van
hanh va bao tri img dung trong phong phan
phéi dién da budc dau hoan thién. Ngoai ra,

robot con dép tng dugc céac yéu cau co ban da
deé ra nhu:

- Ung dung cc phan mém chuyén dung
nhu AutoCAD, Creo Parametric, Solidworks
dé xay dung mo hinh 3D, mé phong va tinh
toan kiém bén toc do quay cua dong co, chon
thiét bi truyén dong step, pully va xy lanh dién.

- Hé théng co khi di chuyén trén thanh
ray On dinh. C6 khé ning tu dong giam sat nho
trang bi camera.

- Céc cam bién phat hién diéu bat
thuong tir ti dién trong phong phan phéi dién,
phong chuyén mach, phong phan phdi nha may
dién va cac tinh hudng vé canh bao dién thong
qua cac thiét bi théng minh.

- Ché tao, lap rap, van hanh va kiém
tra thuc nghi¢m robot, dat dugc hiéu qua trong
pham vi 0-50 cm, t6i wu 15-30 cm, do chinh
xé4c cao, phu hop cho giam sat nhiét do — do am
ta dién trong moi truong cong nghiép c6 dicu
hoa 6n dinh.

- M6 hinh nay rat phu hop trong viéc
day manh s6 hoa: La cong nghé cot 16i thic day
qua trinh sb hoa trong cac nganh cong nghiép,
tao ra cac hé thong thong minh hon va kha
nang phan tng nhanh véi nhu cau thay d6i moi
truong trong cong tac canh bao nhanh.

Qua thoi gian nghién ctru va thyc hién
dé tai, nhom d thdy duoc tam quan trong cua
[oT trong nhiéu khia canh cudc séng hién dai:
Gitp ty dong hoa céc quy trinh, tir quan ly san
xudt dén van hanh thong minh, giam thiéu su
can thiép cuia con ngudi va tdi wu hoa ngudn lye.

Tuy nhién, van con mdt sd han ché
trong qua trinh thir nghi¢m may chang han nhu:
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Co ciu co khi sir dung dong co va banh ring
chi cho phép robot di chuyén qua lai trén doan
thang. Néu di chuyén trén doan thanh ray cong
thi robot s& khong di chuyén duoc. Dé khic
phuc han ché trén, viéc sir dung bo vi sai thay
thé cho co ciu truyén dong banh ring con.

(*) Péng gop cua tac gia:

- Hinh thanh y tuong va muc tiéu nghién
ctru: Duong Thi Van Anh;

- Thyc hi¢n nghién ctru, thu thap du
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Nguyén Anh Hao, Pham Hung Anh.
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