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TOM TAT

Bai bdo trinh bay qud trinh thiét ké robot boc xép cho nha kho dic ching, noi ¢é yéu cau cao
Vvé an toan va tinh co déng. Hé thong bao gom cdanh tay gian dai dang éng long va bang tdi mé-dun
lién dong, cho phép trién khai linh hoat trong khong gian chat hep cua kho. Qua trinh thiét ké dwoc
thuc hién dya trén yéu cau the té vé kich thuéc, tdi trong thung hang va gioi han hoat dong. Két
cdu canh tay dwoc mé phong bang MATLAB va SolidWorks dé danh gia do bién dang khi chiu tdi.
Két qua cho thdy thiét ké ddp vmg tot yéu cdu vé tam véi, do cig va trong liwong tong thé. Bang tdi
mé-dun sir dung con lin tich hop dong co, dwoc thiét ké theo nguyén Iy dong toc co khi, cho phép
théo ldp va vin chuyén dé dang giita cdc kho.

Tir khéa: Robot béc xép; Nha kho dic ching; Canh tay gian dai; Bang tdi mé-dun.
ABSTRACT

This paper presents the design of a pick-and-place robot for specialized warehouses where
safety and mobility are critical. The system features a telescopic arm and modular conveyor
units, enabling flexible deployment in constrained environments. The design process is based on
practical requirements for crate dimensions, payload, and operational range. The telescopic arm is
simulated using MATLAB and SolidWorks to evaluate deflection under load. Results show that the
design meets the requirements for reach, stiffness, and overall weight. The modular conveyor uses
motorized rollers and a mechanical synchronization mechanism, allowing easy disassembly and
transport between warehouses.

Keywords: Pick-and-place robot; Specialized warehouse; Telescopic arm; Modular
conveyor.
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1. TONG QUAN

Trong cac nha kho dac ching nhu kho
quan khi, hoa chét nguy hiém hodc vat tu dé
chay nd, yéu cu vé an toan, do chinh xac va
kha ning co dong trong qua trinh xép d& ludn
& muc rat cao. Viéc thao tac thi cong voi cic
thung hang nadng, trong khong gian chat hep va
khong c6 ké gia tiéu chudn, tiém an rai ro 16n
cho nguoi van hanh. Ngoai ra, nhiéu kho ¢ bo
tri ¢6 dinh, it 16i ra vao, khién viéc trién khai
thiét bi tu dong gap nhiéu tré ngai.

Trong bdi canh do, giai phap robot bdc
xép ban ty dong dang dugc quan tim nghién
ctru nhu mot huong tiép can linh hoat va an toan
hon. M6t s6 nghién ctru gan dy da dé xuat cu
truc robot dang khung gantry hoac tay gian dai
cho moi truong kho hep [3], [4], [5]. Tuy nhién,
phan 16n cac cong trinh nay tap trung vao mod
phong co hoc hodc tng dung dan dung, trong
khi cac yéu cau dic thu cua kho dic ching —
nhu kha ning thao lap nhanh, méi truong han
ché tia ltra, va van hanh an toan — van chua
duoc khai thac ddy du. Cac giai phap truyén
dong tuyén tinh kiéu dng 10ng (telescopic) hodc
bang tai mo-dun dong bo hoa bang co khi cling
chua duoc tich hop thanh hé thong hoan chinh.

Bai béo nay d& xuit mot giai phap tich
hop goém robot bbc xép sir dung canh tay gidn
dai tuyén tinh kiéu dng 10ng va bang tai mo-dun
co khi, huéng dén kha ning trién khai nhanh,
van chuyén linh hoat va phu hop voi diéu kién
dic thu cua kho ddc ching. Qua trinh thiét ké
tap trung vao hai bai toan ky thuat chinh:

(1) Thiét ké bang tai mo-dun st dung
con lan tich hop dong co va co ciu dong tdc
cudng buc;

(2) Thiét ké canh tay robot c6 thé gidn
dai, thu gon, dap tmg yéu cau vé tam véi, do
cung va kha nang chiu tai.

2. CAU HINH HE THONG VA YEU CAU
THIET KE

2.1. Ciu hinh hé théng

He¢ thdng robot bdc xép dugc thiét ké
g6m ba cum chirc nang chinh (Hinh 1):

(1) Cum robot béc xép: Di chuyén doc
theo truc kho, thuc hi¢n thao tac nang — gian —
gap nham lay hodc dit thiung hang 1én khéi xép.

(2) Bang tai mo-dun: Van chuyén thung
hang giita ctra kho va vi tri boc xép; cau trac
dang 1ap ghép dé trién khai nhanh va co dong.

(3) B diéu khién trung tam: Diéu phdi
hoat dong, déng bo hoa cac cum churc nang, va
cho phép thao tac ban tu dong.

Céu trac nha kho dic chung dugc khao
sat ¢6 chidu dai ~20 m, chiéu rong ~6 m, chiéu
cao tran dudi 3 m va chi c6 2 ctra ra vao ddi
dién nhau. Hang hoa la cac thung go kin, kich
thude tr 0,4x0,3x0,3m dén 0,6x0,5%0,5m,
khéi lugng tdi da 45 kg, duoc xép truc tiép theo
khdi, khong c6 ké.
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Hinh 1. Céu triic tong thé hé théng robot boc xép
kho dac chung

2.2. Yéu cau thiét ké

Dua trén khao sat va dac thu van hanh
thuc t€, hé thong can thoa man céc yéu cau sau:
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- Tam véi: Canh tay robot phai dat tim
vuon to1 thiu 2,2m tinh tur truc gitra, d€ voi toi
cac hang ngoai cung cua khoi xép.

- Kha ning thu gon: Chiéu dai thu gon
cua canh tay khong vuot qué 0,8m dé dam bao
gon nhe va co dong.

- Tai trong nang: Toi thiéu 45kg cho
mdi thao tac gap hodc dit thung.

- Bang tai: Co thé théo lip timg mo-
dun, chiéu dai mdi mo-dun khoang 1,5m; khi
ghép noi dam bao chicu dai tong thé >18m.

- Co dong va thao lap nhanh: Toan hé
thong co thé lap dat trong vong <30 phut boi 2
nguoi van hanh.

- An toan: Thiét ké phu hop méi trudong
phong n6 (nhiét do <50°C, khong phat sinh tia
Itra, két cau kin).

3. THIET KE BANG TAI MO-DUN
3.1. Ciu triic va nguyén ly hoat dong

Béang tai dugc chia thanh cac md-dun
doc lap, mdi md-dun co chiéu dai khoang 1,5m,
cho phép thao ldp nhanh va van chuyén dé dang
gitra cac kho. Khi ghép ndi lién tiép, hé thong
c6 thé dat chiéu dai tong thé 1én dén 18 + 20m
dé phuc vu toan bo chiéu sau kho.

a. Khi hoat dong

b. Khi gap gon

Hinh 2. Cdu triic mé-dun bang tdi

Mbi mé-dun str dung con lin truyén
dong tich hop dong co dién (drum motor) dat
bén trong truc, gitip giam khong gian lap dat,
tang do bén va han ché hu hong do bui hoac do
am. Mot mo-dun tiéu chuén bao gdom:

- Hai tryc tang trong (con lin truyén
dong);

- Khung nhom chir C gia cong mdng
nhe;

- TAm d& nhuya k¥ thuat ma sat thap (vat
lidu Igus);

- Cip banh ring dong toc gin hai dau
mo-dun dé cudng bic dong tdc khi ghép ndi.

3.2. Tinh toan thiét ké co' ban

Céc thong s6 thiét ké duge xac dinh nhu
sau:

- Khéi lwgng thung 16n nhat: 45kg;

- Téc d6 biang tai yéu cau: 12m/phut;

- Chiéu rong bang tai htru dung: 0,6m;

- Thoi gian lam viéc lién tuc: 30phut/
chu ky.

Tir d6, van téc quay cia tang trong duoc

tinh theo cong thuc:

D
v=mnD - n=—
v

Chon dudng kinh tang tréng D = 60mm,
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ta dugc: n ~ 64vong/phut.

Cong suat can thiét cho mot mo-dun
duoc xac dinh dua trén luc kéo va hiéu suat:

Voi: p— Hé s6 ma sat, pu~=0; F-Luc
kéo, F = 130N; 1) — Hiéu suét h¢ thong, 1~ 0,8,
ta tinh dugc P = 10W. Chon dong co BLDC
cong suat 25W 1a phu hop, c6 du phong an toan
cao.

3.3. Co cdu dong toc giira cac mo-dun

Cac mo-dun duoc thiét ké lién két qua
cdp banh ring ddng tdc ba banh (Hinh 3), giup
cudng birc dong bd tdc do quay giita cic mo-
dun ma khong can diéu khién dién tir phirc tap.
Khi khong sir dung, cip banh riang nay c6 thé
gap xubng dé gon gang.

Hinh 3. Co cdu truyén dong toc ba banh rang gitta
hai mé-dun

3.4. M6 phong va kiém chirng két ciu
M6 hinh moé-dun dugc dung trong

SolidWorks va kiém tra bién dang khi tai trong
60kg (gom thung hang va hé s an toan 1, 3).

Hinh 4. Két qua mé phong bién dang khung méo-
dun khi chiu tai

Két qua mo6 phong cho thiy:

- Ung suét tap trung chii yéu tai chan d&
va khép ndi giira truc — khung;

- B vong nhoé hon 2mm, trong gidi han
cho phép;

- Kha ning thao lap va gap gon d& dang
nho thiét ké chan gap.

4. THIET KE CANH TAY GIAN DAI
4.1. Yéu ciu va nguyén ly hoat dong

Cénh tay gidn dai 1a thanh phan then
chét trong hé théng robot, dam nhiém viéc mo
rong tAm voi tir vi tri than chinh ra cac khdi
hang sau bén trong kho. Theo yéu cau thiét ké,
canh tay can dat tam vuon toi thiéu 2,.2m va c6
kha nang thu gon con 0,8m, dong thoi mang tai
trong thung hang 1én dén 45keg.
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Hinh 5. Nguyén ly hoat dong cua canh tay gian dai
dang ong long
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Céu trac dugc chon 1a dng 1ong dang
tuyén tinh (telescopic linear actuator), sir dung
truyén dong bang truc vit me va chuyén dong
myén tinh thong qua h¢ thanh truot - con trugt
c6 ma sat thap. Hé thong khong yéu cau dong
thoi mé rong toan bd cac tang, cho phép didu
khién chinh xac vi tri dau coéng tac ma khong
lam tang khéi luong va d6 phirc tap co khi.

4.2. Cau truc va vit liéu

Cénh tay gom 5 khung hop kim loai
16ng vao nhau, véi tiét dién hinh vudng rong
(kich thudc canh giam dan), 1am bang nhom
6061-T6 dé dam bao do bén va khoi luong nhe.
Két cau dién hinh:

- Khung ngoai cung (khung gbc) dugc
gin cb dinh vao cum nang ha;

- Méi khung ben trong duoc dan dong
bang vit me bi riéng, gan trén con truot tuyén
tinh;

- Ray truot 1am bang thép t6i, gan doc
theo truc cac khung;

- G161 han chuyén dong duoc kiém soét
bang cam bién hanh trinh.

Chiéu dai phu ldp giira cac khung dugc
thiét ké to1 uvu dé dam bao do cung va giam bién
dang khi chiu luc ngoai.

4.3. Phan tich d cirng va mé phéng bién dang

DPé dam bao d6 ctng cua canh tay khi
tai trong toi da, mo hinh tinh toan duoc thiét lap
gia dinh canh tay 1a mot dam cong x6n nhiéu
doan c6 tiét dién thay d6i. Phuong trinh bién
dg}ng dugc thiét 1ap theo tich phin mo-men
uon:

FL:
3E]

i=1

57?1(13;' -

Voi: F —Tai trong (45kg % 9.81m/s?); E
-Mbo dun dan hoi cua nhom; . — M6-men quan
tinh tiét dién khung thu L L - Chiéu dai doan
khung thtr 1.

M6 phéng duoc thuc hién trén
MATLAB dé x4c dinh mbi quan hé giita do
cung va kich thuéc khung. Sau d6, mé hinh
dugc kiém chtng bang SolidWorks Simulation
dé danh gia tng suat va do vong dudi tai trong.

_Piot of the maximum deformation over range of width of first segment
£

250.3030, -10)

y(mm): Maximum deformation of the robot arm

wimm} Width of the firs t segment

a. Bé bién dang voi gid tri a = 200 + 260mm

b. Bé bién dang voi gia tri a = 260mm

\dl

c. B¢ bién dang voi gia tri a = 265mm
B.

d. D¢ bién dang voi gid tri a = 270mm

Hinh 6. Két qua mé phong bién dang cdanh tay
gian dai bang MATLAB va SolidWorks
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Két qua cho thdy do bién dang 16n nhét
nam trong giéi han cho phép (<8mm), tap trung
tai ving dau khung trong ctng. Cac thong sd
thiét ké cudi cung duoc chon:

- S6 tang 6ng long: 5;

- Khung 16n nhét: 80 x 80mm;

- Chiéu dai téng thé mo rong: 2,2m;
- Bo vong cuc dai khi tai: ~6,7mm;

- Tong khéi lugng canh tay: ~11,5kg.

5. PANH GIA VA KET LUAN
5.1. Panh gia hiéu qua thiét ké

Thong qua qua trinh thiét ké va mo
phong, hé thong robot bc xép kho dic chung
da dap ung dugc céac tiéu chi ky thuat chinh
sau:

- Kha nang trién khai linh hoat: Hé
thong co thé thao lap nhanh, di chuyén giita
cac nha kho ma khong can phuong tién chuyén
dung.

- Do tin cdy va an toan: Bang tai va
canh tay robot déu duoc thiét ké c6 du phong
tai trong véi1 hé s6 an toan >1,3; két cu kin,
pht hop véi méi trudng co nguy co chay nd.

- Tinh kha thi ché tao: Céu trac st dung
vat liéu pho bién nhu nhom dinh hinh, thép hop
kim va cac mo-dun dién co san c6, phu hop san
xudt trong nudc.

- Hidu suat thao tac: M6 phong cho thay
robot ¢6 thé tiép can toan bo khéi hang véi do
bién dang thip, hé thong bing tai dam bao dong
chay vat lidu lién tuc va dong bo.

Bdng 1. Théng sé ky thudt chinh ciia hé thong

Théng s6 Gia tri
Tam véi tbi da ciia canh tay, m 2,2
Chiéu dai thu gon, m 0,8
Khdi lwong nang tdi da, kg 45
Do vong cuc dai khi tai, mm = 6,7
Thoi gian lip 1 mo-dun bang tai, phat | <5
Tong chiéu dai hé bang tai, m 18 +20
S6 nguoi lap dat/van hanh, nguoi 2

5.2. Két luan

Bai bao da trinh bay mot hudng tiép can
thuce tién trong viéc thiét ké hé thong robot bdc
xép danh cho nha kho dic ching, tap trung vao
hai thanh phan quan trong 1 bing tii mo-dun
va canh tay gidn dai. Cau hinh hé théng cho
phép thich tng linh hoat véi cac loai nha kho
¢6 16i ra vao han ché, khong str dung ké va yéu
cAu van hanh an toan cao.

Thong qua mod phong s va phan tich
két cAu, nhdm nghién ctru d xac minh tinh kha
thi va do bén clia cac thanh phan chinh. Thiét
ké c6 tiém niang tng dung trong thuc té, dic
biét trong linh vuc kho hoa chét va cac hé théng
kho Iuu trir nguy hiém.
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