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LOT CAM POAN

T61 xin cam doan day la cong trinh nghién ctru cua riéng t61, dugc sy hudng
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Téi xin cam doan rang moi sy gidp d& cho viéc thuc hién luan an d3 duoc cam
on, cac thong tin trich dan trong luan an nay déu dugc chi rd ngudn géc.

Ha Noi, ngay  thing nam 2025
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LOI CAM ON

Xin chéan thanh cam on cac nha khoa hoc, cac co quan da nhiét tinh gitp do
t6i hoan thanh ban luan an khoa hoc nay.

Trudc hét xin bay té 10ng biét on siu sic t6i TS Hoang Son va PGS.TS Nguyén
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thanh luan an.

Trén trong cam on Khoa Co dién va Cong trinh, B6 mén Céng ngh¢ va may
chuyén dung Truong Dai hoc LAm nghiép da gitp dd, tao didu kién thuan loi cho toi
hoan thanh nhiém vu hoc tap va nghién cau.

Trén trong cam on Ban giam hi¢u Truong Dai hoc Lam nghiép, Phong Pao
tao sau dai hoc di giup d& va tao diéu kién dé toi hoan thanh luan an.

Tran trong cam on Lanh dao Truong Cao déng Co dién Ha Noi di tao diéu
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t6i hoan thanh luan an nay.

Ha Noi, ngay.....thdang... ... nam 2025

Tac gia luan an

Nguyé&n Xuan Nguyén
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Ky hiéu Y nghia Pon vi | Gia tri
A Piém cubi tai mat xich cta xe robot tiép dat
p Do dbc cau thang (goc nghiéng mit cau thang) rad
Y GAc leo robot (goc nghiéng phia trude mat xich) rad
o Goc nghiéng cua robot khi leo cau thang rad
ag =%, | Giatdccum AC QUY m/s 2
B Piém dau tai mat xich cua xe robot tiép dat
g Khoang céch trong tdm Q cia cum Acquy voi A
AQ ; m
(chiéu dai doan AQ)
q Khoang cach tir trong tdm M ciia robot tdi A (chiéu
AM m
dai doan AM)
db Khoang cach nghiéng giita hai canh bac cu thang m
G Piém trong tdm clia cum xe robot (ca xe robot va
cum Acquy)
g Gia toc trong trudng m/s 2
hb Chiéu cao bac thang m
hw Cao d6 diém M so v6i mit xich duéi (mat dat), m
ho Cao d6 Q so voi mat xich dudi, m
I Mo men quan tinh cta xe robot (khong Acquy) doi kg.m?
vo1 M,
K H¢ s6 phuc hoi van toc khi xe va cham vao bac
thang
L Do dai toan than xe (chiéu dai kich thudc bao) m
Lo Do dai mat xich tiép dat m
Lan Khoang cach tir M d&én A (khoang cach tir tim toi m

diém sau banh xich)
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Khoang cach ngang tir M dén C (khoang cach tir

LCM 14 7 2 m
khoi tim dén diém trudce banh xich)
Lamq Khoang cach ngang tir M dén Q - theo chiéu A-> m
M
Lb D0 rong mait bac thang m
Loa Khoang cach hai diém O va A m
Lom Khoang cach ngang tir O dén M m
Lomo Khoang cach ngang tir M dén Q - theo chiéu O-> M m
Loo Khoang cach ngang tir O d¢én Q m
M Piém trong tam xe robot (khong ké cum Acquy)
me Téng khéi luong tong robot va Acquy kg
mg Khéi lugng Acquy di chuyén kg
mpg Khéi lwong robot kg
N S6 bac cau thang nam trong mat dudi xich
O Hinh chiéu cua diém dau xe xudng mit phang dat.
Q Diém trong tAm cum Acquy
To Thoi gian va cham S
v Van tdc xe robot m/s
X Khoang cach tir O dén tdm quay Xo dau tién (tai m
0
mén béc thane trén cting) khi leo xubne
Nam Goc nghiéng AM so v&i mat xich dudi rad
Nag Goc nghiéng AQ so vdi mat xich dudi rad
"y Goéc nghiéng OM so véi mat xich dudi rad
NBo Gaéc nghiéng OQ so védi mat xich dudi rad
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MO PAU
1. it van aé

Viét Nam 1a nudc dang phat trién, tbc d6 d6 thi hoa ting nhanh, nhiéu khu dan
cu, tO hop nha cao ting dugc xdy dung, nhiéu nha mdy, xi nghiép, xudng san xuat
duoc xdy dung, nhiéu loai vat liéu dé chay dugc str dung dé xay dung cac cong trinh
nay. Diéu d6 déng nghia v6i nguy co chay, nhit 1a chay 16n, chay gy thiét hai nghiém
trong cling ngay cang gia tang. Theo thong ké ctia B Ké hoach va Pau tu, tinh dén
hét nam 2023, Viét Nam c6 414 khu cong nghiép, trong d6 c6 4 khu ché xuit. Tong
dién tich dat 1 89.126 ha chiém 69% dién tich dat cong nghiép, tap trung chii yéu &
thanh phé Ha Noi, thanh phé H6 Chi Minh, tinh Bic Ninh, Binh Duong, Pong Nai,
Long An.. Thuc té cho thay, thoi gian qua & Viét Nam, ciing v6i su phét trién da dang
ctia nén kinh té thi truong, tinh hinh chay, né ciing dién bién hét sirc phuc tap. Chi
tinh trong 04 nam (2020 - 2023) trén toan qudc da xay ra 12.782 vu chay, trong d6 co
194 vu chay 16n, 1am chét 415 ngudi, bi thuong 465 ngudi, thiét hai vé tai san do
chay gay ra udc tinh tri gia hon 10.665 ti dong. Trong 12.782 vy chdy xay ra c6 8.636
vu chay cac khu cong nghiép va cac thanh phan kinh té khac (chiém gan 67,5% céc
vu chay).

Céc vu chay 16n xay ra tai cac khu cong nghiép giy nén thiét hai 16n vé ngudi
va tai san, 1am 6 nhiém méi truong c6 thé ké dén nhu: Chay 16n tai Khu cong nghiép
Quang Chau, Bic Giang (2022): Mot vu chay nghiém trong xay ra tai mot xuong may
& khu cong nghiép nay, giy thiét hai 1én v& tai san va c6 nhiéu cong nhan bj anh
huong. Vu chay tai Khu cong nghiép Bau Xéo, Pong Nai (2023): Mot vu chay 16n
da xay ra tai kho thanh pham ctia Cong ty TNHH Shingmark Vina vao thang 3 nim
2023, gay ra thiét hai 16n vé tai san cho doanh nghiép.

Tai cac nudc phat trién nhu Nhat Ban, Chau Au, My, Trung Qudc da str dung
Robot vao trong cong tac chira chay, tir d6 cho hiéu qua chita chay cao, an toan cho can
b6 chién s§ lam nhiém vu chita chay. D6i voi nhitng ddm chay cong trinh cong nghiép,
kho xang dau, kho héa chit, thi viéc str dung Robot chita chay 14 rat phi hop, nén mét sb
nude nhu Nhat Ban, Trung Qudc da san xuat ra Robot chuyén ding dé chita chay cho

cong trinh cong nghi¢p.



O Viét Nam viéc str dung Robot vao chita chay rat han ché, thanh phé H6 Chi
Minh va Ha Noi da nhap khau mét sb loai Robot vé dé phuc vu cho cong tac chita
chay kho xing dau, noi chdy ¢ phat sinh khi doc, mat khac nhitng Robot nhap khau
vé Viét Nam 12 loai Robot I6n chi di chuyén trén duong, khong c6 kha nang di chuyén
trén bac cau thang dé phuc vu cho chita chdy nha xuong va cong trinh cong nghiép
cao tang.

Xuat phét tir nhu cau thuc tidn, dé cong tac phong chay, chita chay va ctiru nan, ciiu
ho mang lai, hiéu qua cao, d4p ang yéu cau nhiém vu trong tinh hinh méi, nham muc tiéu
han ché d&n mirc thip nhat thiét hai do chay, nd gay ra, dong thoi an toan cho cén b chién
sy tham gia chira chay, nam 2021 B Khoa hoc va céng nghé da giao cho Truong Pai hoc
Phong chay chita chay thuc hién dé tai doc 1ap cap qudc gia “ Nghién ctiu cong nghé, thiét
ké va ché tao thir nghiém Robot chita chay cho cong trinh cong nghiép, ma sé DPTDL.CN-
98/21, két qua nghién ctu cua dé tai da thiét ké ché tao Robot chira chay cong trinh cong
nghiép, loai Robot nay c6 kich thudc nhé gon, cé thé di chuyén trén bac cau thang tir tang
1 dén tang 5, xong dé tai cap nha nudc chi tap trung vao noi dung thiét ké va ché tao thir
nghiém Robot chita chay, khdng c6 nghién ciru dong luc hoc va diéu khién qua trinh Robot
leo cau thang, tir d6 Robot dugc nghién ciu con mét s6 han ché can tiép tuc hoan thién.

Dé c6 co s khoa hoc cho viéc thiét ké, ché tao va hoan thién robot chita chay
cdng trinh cdng nghiép, khi di chuyén trén bac cau thang nhanh nhét, 6n dinh khang
bi 1at, thi can thiét phai c6 nghién ctiru dy du, toan dién vé dong luc hoc va diéu khién
khi cua Robot chita chay khi chuyén dong tiép can dam chay trén bac cau thang nha
xudng cdng nghiép. Véi ly do da phan tich ¢ trén, luan an tién si chon dé tai “Nghién
ctru dong luc hoc va diéu khién robot chita chay nha xuong céng nghiép”.

2. Muc dich nghién c@u luan an

Xay dung mo hinh, thiét 1ap phuong trinh dong luc hoc ciia Robot chira chay
khi hoat dong leo Ién, leo xudng cau thang, tir két qua khao sat phwong trinh dong luc
hoc d3 1ap dugc 1am co so dau vao thiét 1ap thuat toan diéu khién Robot chira chay di

chuyén trén bac cau thang véi van téc nhanh nhat, 6n dinh khong bi lat.



3. Nhirng dong gop moi caa luan an

1) i xay dung duoc mé hinh, thiét lap dugc phuong trinh dong luc hoc cua
robot tuong tac voi bac cau thang trong qua trinh di chuyén 1én, xudng cau thang, dé
Xuat co cau chong lat thong qua thuat toan diéu khién vi tri ddi trong, khao sat hé
phuong trinh dong luc hoc xac dinh duoc:

- Gia tri t6i wu ctia goc leo robot (gbc nghiéng phia trudc mat xich) lay = 45°;

- Anh huong cua cac gia tri (goc doc cau thang B, goc leo robot y, van téc 16n
nhét robot Vmax va gia téc cua di trong ag) téi kha ning bi 1at caa robot;

- CAc cap gié tri trong tng, Vi moi cac gia tri goc dbc caa bac cau thang f va
g6c leo robot ¥ véi van téc leo 1on nhat caa robot Vmax, thi can gia tri gia toc twong
{rng cua cum 4c quy ag dé robot khong bj lat.

2) Pua ra duoc phuong phéap diéu khién PID mo dé diéu khién chuyén dong doi
trong tir vi tri gitra (trung véi khdi tam robot) di chuyén téi vi tri hai cuc (trén, dudi)
véi gia toc mong mudi ag dé chéng lat cho robot.

3) ba xay dung dugc md hinh va phuong phap thuc nghiém mo hinh tinh toan
ly thuyét dong luc hoc va diéu khién Robot di chuyén trén bac cau thang, két qua thuc
nghiém thu duoc vai hé s6 trong quan r > 0,8, Vi két qua nay cho thay mé hinh
tinh toan ly thuyét c6 do tin cay can thiét, tir d6 mé hinh tinh toan ly thuyét ma luan
an dua ra chap nhan duoc.

4. 'Y nghia khoa hoc cia nhirng két qua nghién ciru cia luan an

Bang phuong phéap nghién ctru ly thuyét, luan 4n di xay dung mé hinh, thiét
lap dugc phwong trinh dong luc hoc cho robot banh xich khi leo cau thang (Ién,
xudng) chua xét t&i dong luc hocdan t6i 1at. Két qua nay 1a co s¢ khoa hoc cho viéc
tinh toan hé thdng truyén dong dong co dién cho banh xich dam bao robot c6 kha
nang vuot chudng ngai vat (leo cau thang) dé tiép can dam chay;

Thiét lap dugc hé phuong trinh dong luc hoc khi robot va cham vao cau thang,
tir 6 luan an dé xuét co cau chéng lat va phuong phap diéu khién chuyén dong dbi
trong dé han ché chéng lat. Két qua khao sat hé phuong trinh dong luc hoc dan toi
hién tuong lat cua robot s& 1am co s¢ khoa hoc cho viéc tinh toan céc théng sé cua b

diéu khién chuyén dong cho dbi trong.



Két qua nghién ctru caa luan an 1am so sé khoa hoc cho viéc tinh toan thiét ké
va hoan thién hé théng di chuyén va diéu khién caa robot chira chay cong trinh cong
nghiép.

5. Y nghia thuc tién cia luan an

Két qua cua luan an da duoc ung dung vao tinh toan thiét ké va ché tao thir
nghiém va hoan thién robot chira chay cong trinh cong nghiép thudc dé tai ma sb
DTPL.CN-98/21, ngoai ra két qua cua luan &n con 1am tai liéu tham khao trong giang

day, trong nghién citu robot leo cau thang, robot vugt chuéng ngoai vat.



CHUONG 1
NGHIEN CUU TONG QUAN

1.1. Tong quan sir dung va nghién ciru robot chira chay & trén thé gidi
1.1.1. Si dung robot chita chdy & mét so nwdc trén thé gidi

O mot s6 nude phat trién nhu Nhat Ban, Cong hoa lién bang Duc, Phap, My da
st dung nhiéu loai robot chita chay vao trong thuc té, va da dem lai hiéu qua chira
chay cao, an toan cho luc Iugng chira chay. Robot chita chay dac biét ¢6 hiéu qua khi
chita chdy xang dau, hoa chat doc hai, chita chay nha cao tﬁng.

Sau khi dong dat va song than xay ra & Nhat Ban nam 2011, Chinh phai Nhat
Ban di dau tu nghién ctru Robot dé dop dep va khic phuc hau qua ctia mot s6 nha
méy dién nguyén tir, nghién ctru Robot chita chiy nhim nang cao hiéu qua chita chay
va an toan cho nguoi chira chdy. Hién nay rat nhiéu Robot chira chay da duoc st dung
trong thyc té, hinh 1.1 14 robot chita chiy cong trinh cong nghiép dang duoc sir dung
o Nhat Ban.

Hinh 1.1: Robot rong bay chira chiy céng trinh cong nghiép dwoc sir dung
trong mot buoi thir nghi¢m tai Nhat Ban [*°]
Déi voi viée chita chay nhitng khu vuc doc hai, c6 kha ning chay nd xay ra
trong qua trinh chira chay. O mot s6 nude da sir dung robot dé phun hoa chat dap lira,

Robot chita chay c6 thé tiép can gan dam chay hon nguoi, tir d6 hiéu qua chita chay



cao hon. Hinh 1.2 | robot chira chay chita chay cong trinh cong nghiép ¢ Trung

Qudc.

Hinh 1.2: Robot chira chay cong trinh cong nghiép é Trung Qudc 4
Cong ty cong nghé Howe and Howe tai My da thiét ké va ché tao ra robot

Thermite sir dung cho chita chay cac cong trinh cao tang (hinh 1.3)

Hinh 1.3: Robot Thermite chira chay cong trinh cao ting & My 14
Cong ty cong nghé qudc phong QinetiQ cua Anh thiét ké 4 loai robot phyc vu
cho muc dich dép tit cac vu chay lién quan dén khi acetylene cong nghiép. Nhitng
dam chay nay 12 mdi de doa véi linh ciru hoa, vi nguy hiém van rinh rap tham chi sau
khi ho dap tit ngon Itra. Khong chi nguy hiém, nhitng dam chay kiéu nay con khién

toan bo khu vuc phai dugc phong toa trong vong 24 gio (hinh 1.4).



Hinh 1.4: Robot chira chay QinetiQ do Anh san xuét (4]

Xe chita chay robot dugc trién khai tai tinh Ha Bic, Trung Quéc, nam 2007, thuc
hién nhiém vu trong cdc nha may hoa chat hay nha kho chira von nguy hai v6i con ngudi.
N6 duge diéu khién tir xa, di chuyén véi van tc 3,6km/h, leo déc 30 do va vuot hang
ra0 cao 25cm. Piém manh cua phuong tién nay 13 kha ning voi phun nude xa 65m, co
thé tur "1am mat" khi nhiét d6 qua cao. Pau do phat hién tin hiéu ciia nan nhan, trong khi

camera s€ ghi lai hinh anh va am thanh tai khu vuc ¢6 chay (hinh 1.5).

Hinh 1.5: Robot chira chay do trung Qudc sin xuat [*4]

Robot ¢6 trong lugng 500 kg do cong ty cong nghé Shark Robotics ciia Phap

ché tao, dugc trang bi voi phun nudc c6 thé dugc van hanh tir xa va mgt camera do



phan giai cao v6i goc nhin 360 d6, zoom 25x kém kha ning chup anh nhiét. Tét ca
nhitng trang bi ndy gitip ngudi van hanh c6 cai nhin toan canh vu chay va hd trg viée
di chuyén robot.

Tuy c6 tde d6 di chuyén cham, chi 2,2 dam/gio (twong duwong 3,5 km/h), nhung
kha nang xtr Iy moi loai dia hinh khién Colossus tré nén vo cung hiru dung cho Doi

Ctru hoa Paris va bat ctr don vi ndo str dung n6 (hinh 1.6).

Hinh 1.6: Robot chira chay do Phap sin xuit dwgc trang bi

cho ddi ctru héa Paris [*°

Pic diém caa Robot chira chay

- Robot phai ¢6 kha nang vuot chudng ngai vat dé tiép can dam chay

- Robot phai tiép can gan ddm chay trong thoi gian nhanh nhat dé tién hanh chira
chay hiéu qua;

- M6i trudng hoat dong cta robot & nhiét do khac nghiét (robot hoat dong dugc
trong moi truong nhiét do 100-200°C, c6 hé théng tu dong lam mat robot khi nhiét
dd qué cao);

- Robot khong bi anh hudng bdi khi doc, khoi doc do dam chay gay ra;

- Khi xay ra n6 nho robot khéng bi anh huong;

- Hé thong diéu khién robot co thé cach xa dam chay 100-200 m, tir d6 khong

nguy hiém dén can bo chién sy tham gia chita chay.



Tinh nang cia robot chira chay
- Pua lang phun chat chita chay dén vi tri can phun, diéu chinh géc phun theo
y&u cau
- Tiép can dam chay & cu ly gan, tly theo yéu cau ma diéu khién robot dén vi tri
thich hop dé phun chat chita chay sao cho hiéu qua nhat
- Truyén tin hiéu, hinh anh dn chi huy chira chay
- Truyén tin hiéu vé ndng do chat doc hai dén chi huy chita chay.

T6m lai: Robot chita chay da duoc tng dung & nhiéu nudc trén thé gioi, véi uu
diém noi bat caa no 1a tiép can dam chay véi khoang cach gam, khong bi anh huong
& khi doc, khoi doc, chat phong xa, nhiém xa, truyén tin hiéu, hinh anh truc tiép cua
dam chay dén chi huy chira chay, tir 46 gitp cho qua trinh chira chay an toan va hiéu
qua.

1.1.2. Téng quan vé cdc céng trinh nghién ciru robot chita chdy trén thé gidi

Mot s6 cong trinh trén thé gidi dd nghién ctru 6n dinh caa robot khi di chuyén
trén cau thang. Cac khao sat cho théy dong luc hoc va 6n dinh trong qua trinh hoat
dong leo cau thang ctia robot di dong dong vai trd quan trong dat dugc cic chirc ning
yéu cau. Viéc phén tich chuyén dong trén cac dang ciu thang khac nhau s& tro gitp
thiét ké cau trac co khi phu hop thiét ké va dé xuat hé thong diéu khién. Trong nhiing
niam gan day, nhiéu nha nghién cru quan tdm va phat trién robot di dong co cac cau
trdc khac nhau. Robot “Talon” dugc phat trién boi cong ty Foster-Miller va robot
“PackBot” dugc phat trién boi robot duoc ap dung trén chién truong dé thuc hién
nhiéu nhiém vu khac nhau, bao gdm chdng khiing bd va chéng chat no, trinh sat quan
su, v.v. [8-10].

Mot trong cac ciu trac khac duge dé xuét 1a robot co thé tu cdu hinh lai, gip tu
chu viéc leo 1én va xudng cau thang [11]. Co thé thay, ciu triic cua cac robot di dong
leo cau thang kha da dang, d3 c6 mot s két qua nghién cru vé van dé nay [14-17],
trong d6 cau hinh robot di dong truyén dong dang banh xich din hudng (track-driven)
nhan dugc su quan tdm nghién ctru do kha ning di chuyén d& dang nhd dudng ray

tao ra khién bo diéu khién robot khong doi hoi thong tin chinh xac vé hinh dang hodc
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kich thudc cta cau thang. Do vay kién tric ndy duoc ing dung rong rii trong cac tinh
huéng ctru hd ctru nan nguy hiém, trong d6 c6 chita chay.

Pong luc hoc cuia robot di dong trong qua trinh di chuyén trén ciu thang co thé
duogc thiét 1ap theo cac phuong phép truyén thdng nhu Euler-Lagrage hoic Newton-
Euler. Weijun Tao, Yi Ou va Hutian Feng di cong bd nghién ctru vé dong luc hoc
ctia robot leo cau thang phuc vu hoat dong chitra chdy [12-14]. Su phuc tap cta viéc
leo cau thang lién quan dén nhiéu budc qua do trong qua trinh 1én/xudng ciu thang,
vi vay can thiét phai phan tich va nghién ciru dong luc hoc ciia hoat dong leo cau
thang qua cac budc di chuyén cua robot di dong.

Liu [16] di nghién ctru kha ning leo cau thang cta cu hinh robot di dong tur
cAu hinh lai bang phan tich dong hoc va dong luc hoc ciia n6 trong qua trinh leo cau
thang.

Vu [17] da phat trién mot thuat toan leo cau thang bang cach phan tich trong
tam cua robot di dong bon banh va di ap dung vao Robot MACbot twong d6i hiéu
qua.

Mot sb nghién ctru da thuc hién cadc mo phong va thuc nghiém dé danh gia hi¢u
qua cua mod hinh dong luc hoc va do on dinh cta robot di dong leo cau thang, lam co
so cho viéc thiét ké va phan tich hoat dong leo cau thang ctia robot di dong. Céc diéu
kién 6n dinh cho viéc leo cau thang duoc xac dinh va phuong phap danh gia vé d6 6n
dinh khi leo cau thang cua n6 duoc dé xudt, dua trén phan tich co hoc vé qua trinh lat
doc cuia robot trong qua trinh leo cau thang.

Trong bai bao cua Guo [13], mébi lién hé gilta sy 6n dinh khi leo cau thang va
trong tim cua robot tim kiém ciru ho duge nghién ciru bang phuong phap phan tich
hinh hoc, tuy nhién sy thay ddi cua do 6n dinh dong luc hoc khi leo cau thang van
chua dugc dé cap.

Tac gia Jon Hastie di cong b tai liéu [22] vé két qua tinh toan thiét ké canh tay
robot, trén hinh 1.7, canh tay robot c6 thé sir dung dé mé cua cau thang, mang sing
phun nudc, ldp camera quan sat. Két qua nghién ctru nay 1a tai liéu tham khao dé thiét

ké canh tay mo clia cau thang trén robot chita chay cong trinh cong nghiép.
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Area of Design _

Hinh 1.7: Canh tay robot dwgc tinh toan thiét ké (2%

Céc nghién ctru vé robot banh xich cho hoat dong ctiru ho va chira chay nhu
Arai [36]; Tanaka [37], Miyanaka [38], Takayama [39], Granosik [40] da ching
minh dugc tinh wu viét khi st dung robot banh xich khi leo cau thang va di trén duong
bang. Do vay, viéc str dung robot banh xich tng dung cho robot chira chay di duoc
rat nhiéu nha nghién ciru trén thé gidi nghién ciru. Cac nha khoa hoc da tap trung
nghién ctru cac vin dé cuia robot banh xich nhu: nghién ctru vé sy 6n dinh va dong
Iuc hocdan t&i kha ning bi 1at ngtra ctia robot banh xich khi va dap voi bac cau thang

khi leo 1én va leo xudng dugc cong bd tai cac cong trinh ciia Weijun Tao [41];
Haijun va cong su, 2005 [42] (hinh 1.8) dd phan tich sy anh hudng cua van tdc
va goc nghiéng mat trude robot 1a hai tham sb gdy 1én xung luc va cham gitra robot
va cau thang, cong vdi toc do di chuyén cia hai banh xich & hai bén khac nhau, diéu

nay c6 thé khién robot bi chéch hudng, dan dén nguy co cao lan xudng khéi cau thang.

O\
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Hinh 1.8: M6 ta hién twong 14t ciia robot khi leo ciu thang [*2]

Tém lai: Trén thé gidi da co nhiéu cong trinh nghién ctu vé robot chira chay
bao gdm nghién ctru thiét ké ché tao, nghién ctru dong lyc hoc tay may md cira cau

thang, nghién ctru 6n dinh cua robot khi di chuyén trén 6 déc 16n, tir nhitng két qua
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nghién ctru clia cac tac gia trén thé gidi, 1a co so khoa hoc dé nghién ciru sinh theo
khao trong qua trinh nghién ctru ciia minh

1.2. Tong quan vé tinh hinh sir dung va nghién ciru robot chira chay tai Viét Nam
1.2.1. Sir dung robot chita chay tai Viét Nam

Hién nay, tai mot sb thanh phd 16n luc lwong Canh sat phong chay va ciru nan,
cuu hd da duoc Pang va Nha nuoc trang bi mdt sb xe chita chay hién dai, cac xe nay
chtra cac bd phan cong tac dic biét gidng nhu canh tay robot dé gitip ngudi chita chay
han ché tiép xtc tuc tiép v6i ngon lira.

Moi ddy thanh phd HO Chi Minh da dua vao st dung 12 xe chira chay hién dai
duoc mua tir Phap, trong d6 ¢6 3 xe chita chay c6 canh tay lam viéc dang robot (Hinh
1.9), cac xe chita chay dang canh tay nay s& dap tng yéu cau chita chay va ctru ho
trong nhitng diéu kién cong trinh nha kho, nha xuéng duong ham sup d6 va nhiing vi
tri bi anh hudng boi héa chit doc hai. Tuy nhién, do day 14 cac xe duoc nhap khau tir
nudc ngoai, gia thanh cac xe chira chay nay so voi diéu kién kinh té ctia dat nude con
khé dat, do vay Nha nudc chua co diéu kién dé trang bi cho tat ca céc tinh thanh, ma
moi chi thyc hién duéi dang thi diém tai thanh phé H6 Chi Minh.

B

Hinh 1.9: Xe chira chay c6 canh tay lam viéc dang Robot wng dung
tai Viét Nam [4]
Gan day thanh phd HO Chi Minh d3 nhap khau robot chita chay dé phuc vu cho
cong tac chira chay trén dia ban thanh phd, robot nay khong cé chirc nang leo ciu

thang, trong lugng 16n, diéu khién béng tay hinh 1.10.
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Hinh 1.10. Robot chira chay tai thanh phé H6 Chi Minh
DPau nam 2019 Cuc phong chdy chira chay di tiép nhan 81 xe chay hién dai tir
Han Qudc bao gom: 18 xe chita chdy ¢& 16n, 48 xe chira chay c& trung binh, 2 xe
thang chita chay vuon thang c6 kha ning vuon t&i duoc toa nha cao 11 tang, 6 xe
thang chita chdy loai can truc (Hinh 1.11) c6 kha ning chira chay trén cao véi tay
chita chay duoc diéu khién tir xa cting camera trang bi tai hong phun nudc, 7 xe citu

ho vai day du 200 loai thiét bi phuc vu di kém xe c¢6 xuat xir Chau Au.

Hinh 1.11: Xe thang chira chay loai ciu truc va xe thang vwon xuét xi
Han Quéc 4]
Nin 2022 Cong An chita chay thanh phd Ha Noi da nhap robot chita chay tir cong

hoa Phép vé dé sir dung cho cong tac chira chay, robot nay khéng c6 chirc nang di chuyén
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trén cau thang, chil yéu phuc vu cho chita chay kho xing dau hodc nhitng dam chay can

phéi phun chét chita chay véi luu luong 16n

—ET,

= ‘:‘Q‘@-f‘_’ < ._‘.g

N T

Hinh 1.12: Robot chira chay sir dung tai thanh phé Ha Noi [47]

Tuy nhién, ngoai nhiing xe chira chay hién dai ké trén, do diéu kién kinh té con khé
khédn ma trang thiét bi phong chay, chira chay va ctru nan, ctru ho tai da sO céc tinh thanh
trén ca nude con thiéu va chua duoc trang bi robot chira chay. Viéc dau tu cho luc luong
Canh sat phong chdy, chira chiy va ctru nan, ctru hd chua dap tmg yéu cau bao vé an
toan vé phong chay, chita chay.

Tom lai: Viéc st dung Robot chira chay ¢ Viét Nam con rét han ché, cac thiét bi
chita chdy cong nghé cao con it chu yéu tap trung & thanh phé I6n, ddy 14 cac thiét bi nhap
ngoai gia thanh rat cao, chi phi sir dung van hanh 16n, chua c6 robot chira chay cho cong
trinh cdng nghiép duoc sir dung trong thuc té, trong khi d6 hang ndm & Viét Nam van xay
ra cac vu chay cong trinh cong nghiép, kho hang, cdng trinh dan dung.

1.2.2. Tong quan vé cdc cong trinh nghién civu vé robot tai Vigt Nam

Viéc nghién ctru, thiét ké va ché tao robot chita chay noi chung va chita chay

cong trinh cong nghiép tai Viét Nam con nhiéu han ché, chi yéu cac nghién ciru da

cong b moi tap chung vao mot sd robot trong ctru hd, ctru nan nhu.
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Dé tai nghién ctru khoa hoc cap bo cua tac gia tién si Nguyén Dirc Anh [5] va
cac ddng nghiép ¢ trudng Dai hoc Phong chay chita chay “Nghién ctru ché tao robot
tim kiém muc tiéu dudi nuée hd tro cong tac ciru nan, ctru hg”, két qua nghién clru
da ché tao thanh cong robot tim kiém muc tiéu dudi nude véi do sau 1én téi 30 m, tro
giup cho cong tac clru nan, ctru hd dudi nudc dugce thuan lgi. Robot c6 kha nang di
chuyén linh hoat trong nudc: tién, lui, quay trai, quay phai, lin 1én xudng. D6 sdu van
hanh téi 30m. Téc d6 van hanh co6 thé diéu chinh duoc. Trén robot c6 camera gidp
nguoi van hanh quan sat dugc trong mat nudce, cd hé théng dén chiéu sang phuc vu
quan sat trong diéu kién thiéu anh sang, c6 hé théng cac bién IMU, cam bién ap sut
dé x4c dinh phuong, hudng, tu thé 1am viéc, do siu cua than robot, c6 tay may dé tién
hanh cong tac truc, vot. Robot trao d6i thong tin v6i tram trén bo qua 2 ludng tin hiéu:

- Ludng thir nhat 13 tin hiéu video analog truyén thang tir hé thong camera trén
than robot 1én tram trén bo.

- Ludng thtr hai 1a tin hiéu RS485. Pay 1a tin hiéu duoc truyén 2 chiéu giita tram

trén bo va than robot.

Hinh 1.13: Robot tim kiém muc tiéu dwéi nuée 1

Dic biét trong dai dich Covid 19 vira qua, & Viét Nam d3 c6 nhiéu dé tai nghién
ctru vé robot nham trg gilp cho cdng tac phong chong dai dich nay. Tac gia Tang
Quéc Nam [4] va cac dong nghiép da nghién ctru dé tai "Ché tao robot van chuyén
trong cac khu vuc cach ly c6 nguy co 1ay nhiém cao (Vibot)". Dé tai da nghién ctu,

ché tao thanh cong hé thdng robot hd tro y té c6 cac tinh ning hién dai theo mau robot
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TUG cua hang Aethon (M¥). Robot Vibot phién ban la dugc thiét ké da chirc ning,
linh hoat, dap &ng nhu cau chuy@n biét cua ting khu vuc céch ly, ¢ thé van chuyén
nhiéu loai hang hoa khac nhau véi tai trong 1én dén 100 kg. Robot c6 thé phat nhac,
phat ban tin giai tri. Sir dung cam bién théng minh, Vibot-1a (hinh 1.14) c6 thé phat
ra nhiéu 4m thanh nhu xin tranh duong, cam on, tam biét... Vibot-1a duoc ché tao dé
thuc hién thuan thuc nhiém vu van chuyén thtc an, thuéc men, nhu yéu pham... tir
ngoai vao cac budng bénh; van chuyén réac thai sinh hoat, rac thai y té, @6 giat... tur
buong bénh ra khu tap két va hd tro giao tiép tir xa gitra nhan vién y té va bénh
nhan. Cac robot c6 thé hoat dong theo nhém trong khu vire cach ly dé thay thé, hd tro
nhan vién y té cac cdng viéc phuc vu, chim soc cac bénh nhin va ngudi nghi
mac COVID-19. Piém dic biét caa Vibot-1a la thong qua hé théng duong truyén
duoc thiét 1ap riéng, c6 camera gan truc tiép trén robot, cac bac si co thé tuong tac
véi bénh nhan, cé chat luong hinh anh, am thanh cao. Nho d6, robot han ché sy tiép
xuc tryc tiép gitta nhan vién y té véi ngudi bénh, han ché nguy co 1y nhidm chéo va
mdi robot co thé thay thé dugc 3-5 nhan vién y té. Moi hoat dong cua hé théng robot
dugc giam sat, diéu khién boi trung tdm diéu hanh. Vibot-1a st dung k¥ thuat dan
duong bang vach tir va dinh vi bang thé nhan dang tuy don gian nhung c6 do tin cay
cao, cho phép robot tu di chuyén trong khu vuc cach ly dé thuc hién nhiém vu. Loai
robot nay con ¢ kha nang phat hién va tranh va cham vat can nhd cac cam bién trang
bi ¢ phia truéc va phia sau. Vi khéi nguon pin ¢éng suat 16n va tram sac tu dong,

Vibot-1a c6 thé 1am viéc lién tuc 12 gio va tu dong tim vé tram dé sac khi can nguén.


https://bnews.vn/chu-de/dich-covid-19/23/trang-1.html
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Hinh 1.14: Robot véin chuyén trong cic khu vue cach Iy
Nhom tac gia TS. Duong Thi Thuy Van, TS. Han Thanh Trung, TS Vii Tri Vién
[6] cua truong Pai hoc Toén Pirc Thing di nghién ctru ché tao thanh cong robot khir
khuan bang céng nghé phun khir khuan va chiéu tia UV, giup doi ngil y té tranh tiép
xuc truc tiép voi moi trudng truyén nhidm. Robot dugc didu khién tir xa (khoang cach
t6i da 2.000m) dé phun xit thuéc khir khuan cho Khu vire cach ly ngudi ¢6 kha niang

nhiém, phong diéu tri Virus Corona caa bénh vién (hinh 1.15) .

Hinh 1.15: Robot khir khuin bing cong nghé phun khir khuin va chiéu tia UV [
Tac gia Lé Quang Bén [1] va cac cong su dd hoan thanh dé tai doc 1ap cip nha

nudc: “ Nghién cuu cong nghé, thiét ké va ché tao thu nghiém robot chira chay cho
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cong trinh céng nghiép”, ma sb: DPTPL.CN-98/21, két qua cua dé tai da thiét ké ché
tao thir nghiém robot chita chay cong trinh cong nghiép, tuy nhién d¢ tai chi tap trung
nghién ctu vé thiét ké ché tao thur nghiém, khong c¢6 ndi dung nghién ctru dong luc
hoc va diéu khién robot leo I&n, leo xudng cau thang, tir d6 robot nay con c6 han ché
1a téc d6 di chuyén trén cu thang thap, thoi gian tiép can dam chay 16n, khi toc do di
chuyén trén cau thang 16n Robot ¢ thé mét 6n dinh [1]

Cong trinh ctia nhom tac gia Nguyén Trong Doanh, Nguyén Ngoc Dat [7]
“Nghién ciru dong hoc va mé phong robot nhén bon chan”, két qua nghién ctru da mo
phong dugc dong luc hoc cua robot, két qua nay lam co s Gng dung cho thiét ké
robot chira chay.

Tom lai, & Viét Nam da c6 mot s6 cong trinh nghién ctu vé thiét ké ché tao
robot sir dung trong céng nghiép, mot sé cdng trinh nghién cau vé diéu khién, dong
luc hoc robot, da c6 cdng trinh nghién cau robot trg gidp cdng tac ctu nan, cau ho
dudi nuée. Song cac cdng trinh nghién ciru vé robot chira chay con han ché, da co dé
tai doc 1ap cap nha nudc vé nghién ciu thiét ké ché tao robot chira chay cong trinh
cdng nghiép, nhirg d¢é tai chi tap trung nghién ctru thiét ké ché tao, chwra co noi dung
nghién ctru vé dong luc hoc va diéu khién robot I&n xudng cau thang.

1.3. Muc tiéu nghién ciru

Xay dung duoc mé hinh, thiét lap duoc cac phwong trinh dong luc hoc cua
Robot chira chay khi hoat dong leo 18n, leo xudng cau thang, khao sat cac phuong
trinh dong luc hoc da thiét 1ap duoc, tir két qua khao sat 1am co s& dau vao thiét 1ap
thuat toan diéu khién Robot chira chay khi di chuyén 1én, xudng bac cau thang nham
muc dich robot tiép can ddam chdy nhanh nhat, 6n dinh khéng bj lat.

1.4. Noi dung nghién ctru cua luin an
1.4.1. Nghién ciru ly thuyét

- Xay dung mé hinh dong luc hoc robot leo ciu thang khi chwa xét toi hién
tuong lat, tir d6 thiét 1ap hé diéu khién truyén dong dong co dién cho béanh xich robot;

- Xay dung md hinh, thiét 1ap phuong trinh dong luc hoc khi robot va cham

V6i cau thang, dé xuat phuong phap chéng lat;


http://sti.vista.gov.vn/Pages/danh-sach-tai-lieu-khcn-moi-nhat.aspx?Type_CSDL=TAILIEUKHCN&datasearch=%5b%7b%22FieldSearch%22:%22TacGiaCaNhanNew%22,%22Keyword%22:%22Nguyễn%20Trọng%20Doanh%22,%22Operator%22:%22AND%22%7d%5d
http://sti.vista.gov.vn/Pages/danh-sach-tai-lieu-khcn-moi-nhat.aspx?Type_CSDL=TAILIEUKHCN&datasearch=%5b%7b%22FieldSearch%22:%22TacGiaCaNhanNew%22,%22Keyword%22:%22%20Nguyễn%20Ngọc%20Đạt%22,%22Operator%22:%22AND%22%7d%5d
http://sti.vista.gov.vn/tw/Pages/tai-lieu-khcn.aspx?ItemID=269257&Type_CSDL=TAILIEUKHCN&Keyword=robot&searchInFields=FullTextSM;Title&datasearch=&NamXuatBan=&LinhVuc_Ma=&ListNamXuatBan=&ListLinhVuc_Ma=
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- Khao sét phuong trinh dong luc hoc, tir d6 tinh toan cac théng sé dé diéu
khién chuyén dong cua d6i trong nham chéng lai hién tuong lat.

- Xay dung thuat toan diéu khién Robot di chuyén 1&n, xudng bac cau thang
1.4.2. Nghién cvru thwc nghiém

Kiém chitng md hinh tinh toan Iy thuyét, tir két qua nghién cau thuc nghiém

dem so sanh v&i két qua tinh toan ly thuyét tir d6 danh gia do tin cay cua md hinh tinh
toan ly thuyét, tir két qua nghién ciu thuc nghiém rat ra cac két luan.
1.5. P6i twong nghién ciru cia luin an
1.5.1. Diic diém va thong sé ciia ddm chdy céng trinh cong nghiép

- Pam chay thuong dé phat trién thanh ddm chay 16n, gy thiét hai nghiém trong dén
hang hoa, tai san va tinh mang cua céng nhan lam viéc trong cong trinh cdng nghiép.

- Céc hoat dong ciru ngudi, ciru tai san va phun chat chita chay dé khdng ché va
dap tit dam chay gap rat nhiéu kho khin do tac dong anh huong cua céc théng sb
nguy hiém ctua dam chay gom: Dién tich dam chay 16n; Nhiét luong va nhiét do dam
chay cao, khoi bui nhiéu.

- Ngoai ra do tac dong cua nhiét d6 cao va cac hién tuong btc xa nhiét, ddi luu
khong khi Ion trong qué trinh chay 1am cho cac cau kién xay dung cdng trinh cong
nghiép sup d6 gay nguy hiém dén sic khoe, tinh mang cho can bo chién si khi thuc
hién cac hoat dong chira chay trén hién truong.

- Thong s6 vé nhiét d6 dam chay: Theo két qua nghién ciru nhiét do ngon lira chay
chat ran 1a khoang 800-1100 d6 C, chay chat léng 1a 1000-1200 d6 C va chat khi 1a
1000- 1300 @6 C tuy thugc dién tich, qui mé dam chay; Mat do khoi, khi doc thoat ra
tir dam chay day dic...1am cho lec lwong va phuong tién khong thé tiép can gan géc
lra phun chat chira chay dé khong ché va dap tat dam chay. Déi voi dam chay chat
ran nhiét do khong khi cach dam chay 5m tir 100-300 d6 C tiy thudc vao qui mo dam
dam chay 16n hay nho; dbi véi dam chay chat long va chat khi do bic xa nhiét Ién
nén nhiét dé6 khéng khi cach dam chay 5m tir 150-350 d6 C

- Thai gian chita chay kéo dai nhiéu gio tham chi nhiéu ngay dém, d6 1a chua

tinh thoi gian xir Iy khac phuc cac hau qua sau khi ¢am chay duoc dap tat.
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Nhitng yéu tb tac dong anh huong néu trén cia dam chdy xay ra & cong trinh
cbng nghiép da va dang dat ra cho luc lwong Canh sat PCCC va CNCH nhiém vu
phai d6i mai bién phap cong tac, dic biét 1a phai manh dan tng dung nhitng tién bo
khoa hoc k¥ thuat va céng nghé, trong d6 c6 str dung robot vao cong nghé chira chay
nhitng ddm chay 16n, phuc tap dé giam téi da ste nguoi khi thuc hién cac hoat dong
chién diu 12 mot hudng di dung, pha hop véi xu thé phat trién hién nay cua thé gidi.
1.5.2. Ciu thang trong nha xwong céng nghigp

Cau thang nha xudng cong nghiép duoc xdy dung theo quy dinh tiéu chuan
QCVN 06:2022/BXD vé phong chdng chay no cho cong trinh xay dung thi hinh dang
cau thang duoc ché tao vudng (khong duoc xoin 6c), cac thdng s kich thude nhu
chiéu nghi (duoc mo ta trén hinh 1.16), do déc B < 45°, chiéu rong mit bac cau thang
>250 (mm). Theo céc thong sd kich thudc chuan ctia ciu thang trong cic nha xudng,
nha may xi nghiép thi kich thudc cu thé ctia cau thang thuong nam trong khoang duoc

mo ta trén bang 1.1.

Hinh 1.16: Quy cach cau thang nha xwéng cong nghiép

(Pon vi kich thuoc la (mm))

Bang 1.1: Kich thuéc ciu thang trong xiy dung
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Do dbc cau thang | Chiéu rong mit bac thang | Chiéu cao bac hyp (mm)
B (d0) Lo (mm)
<45 >250 50-220

Theo diéu tra khao sét trong qua trinh 1am luan an, quy cach cac cau thang pho
bién trong nha xuéng cong nghiép 1a B = 30 do, L, = 250 <+ 380 (mm), hp = 50 —
200 (mm) va kich thudc chiéu nghi duoc md ta trén hinh 1.15.

Trong qué trinh chita chay, robot can phai vuot qua nhiéu chuéng ngai vat nhu
di chuyén trong nha xuong, di chuyén qua phan dc caa nén xuong, phan nén xuéng
c6 d6 nghiéng (néu co), va di chuyén Ién xubng cau thang dé tiép can dam chay & tang
trén... Trong qué trinh chira chay, robot phai vuot qua nhiéu chuéng ngai vat, bao gom
viéc di chuyén trong nha xuong, qua cac khu vyc déc, go ctra ra vao (néu co), va Ién
xudng cau thang dé tiép can dam chay & céc tang trén. Trong sé cac chudng ngai vat
nay, viéc di chuyén Ién va xubng cau thang duoc coi 1a mot trong nhitng yéu cau phic
tap nhat. Do do, luan &n ndy chi tap trung nghién ciru dong luc hoc va diéu khién cua
robot khi thyc hién cac thao tac 1&n va xudng cau thang.

1.5.3. Robot chita chay cong trinh cong nghiép

Thiét bi nghién ctru 13 robot chita chay cong trinh cong nghiép duoc ché tao
phién ban dau tién (phién ban phuc vu muc dich nghiéng ctru, hoan thién trong qué
trinh thiét ké ché tao phién ban thuc t€) cho dé tai cdp nha nuéc mi sd: ma sb
DPTDHL.CN-98/21
a) Cdu tgo chung robot chéza chay cong trinh cdng nghiép

Robot chita chay cong trinh cdng nghiép dugc dé tai nghién ciu 1a robot c6
chie ning leo cau thang trong cdng trinh cdng nghiép tir ting 1 dén tang 5, vai chiéu
cao bac cau thang tir 18-25 (cm); d6 dbc cuia mat bac cau thang 30 do, chiéu rong téi
thiéu cau thang 1,5 (m). Mt khac véi yéu cau cua robot 12 toc d6 di chuyén trén cau
thang 16n dé robot tiép can dam chay nhanh nhat, robot on dinh, khéng bi lat. Robot
chira chay cong trinh cdng nghiép 1a dbi twong nghién ciru caa luan &n c6 hinh dang
va cAu tao nhu trén hinh 1.17.
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Hinh 1.17: Céu tao robot chira chdy nha xwéng cong nghiép

1-Bénh xich cao su; 2,8-Bén chiéu sang vang (dén phd xwong, phd khéi); 3-camera
quan sat; 4- binh ciru héa hodc binh oxy thé; bé phdn nit an gom 5-khéa dién, 6-
it dirng khén cdp, 7- 6 cam xac pin cho dc quy; 9-khung vé; 10-banh sao (banh
truyén dong cho xich); 11-dong co dién truyén dong cho xich; 12- ling phun chat
Iong chiva chay; 13-hé théng diéu khién hwéng (g6c) ciia lang phun; 14- van diéu
khién luu leong phun; 16- khép néi cudén day chita chay vao ling phun; 18- banh
dai xich; 19-hé thong puly-dai rang diéu khién doi trong (di chuyén vi tri cum dc quy).
Robot chita chay nha xudng cong nghiép dugce co trong luong 150 (kg), hinh
dang nguyén khdi, chiéu dai 1a 1050 (mm), chiéu rong 1a 650 (mm), chiéu cao 1a 750
(mm), di chuyén bang hé thong banh xich cao su gitip dé dang hoat dong trong diéu
kién dia hinh phtre tap. Khi leo 1én hodc xudng cau thang hé thdng d6i trong (ic quy)
ctia robot ning 30 (kg) duogc kich hoat di chuyén giup cho robot di chuyén 6n dinh,
giam anh hudng ctia dong luc hoc dan t6i hién tuwong 1at. Ling phun nuée duge gin
trén than robot véi pham vi phun téi da 15-20 (m), ¢6 thé linh hoat thay d6i goc phun
tir khoang 20° dén 70°. Bé dam bao an toan cho cac thiét bi bén trong, trén Robot c6
hé thong tu dong 1am mat bang voi phun 360° va kha ning chiu nhiét ciia Robot
200°C.
b) Nguyén ly hoat dong ciia robot chira chdy
Robot chita chay di chuyén théng qua hé théng banh xich, mdi bén banh xich
duoc dan dong béi mot dong co doc lap. Véi cAu tao banh nay, robot c6 thé di chuyén

trén duong bang (mat dudng, mit san...), di chuyén leo 1én cau thang dé 1én céc ting
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tiép can dam chay, di chuyén leo xubng cau thang sau khi chira chay hoan thanh. Dé
gidm hién tuong 1at co thé xay ra khi robot di chuyén véi van toc 16n dé tiép can duoc
dam chay nhanh nhat, robot duoc thiét ké hé théng co thé di chuyén cum ic quy (d6i
trong) doc theo than xe (hinh 1.18), thong qua viéc thay doi vi tri d6i trong véi gia
tdc nhat dinh c6 thé han ché dugc kha niang bi 1at do phan luc xay ra khi robot va
cham véi cau thang trong qua trinh leo (1én, xudng) ma van dam bao vén tdc 13 16n

theo yéu cau.

Hinh 1.18: Céu tao bd phén thay doi trong tim robot dé chong lat
(1) -Ban truwot bi tao mat phang gan ac quy; (2)- day dai rang; (3) truc truyén déng

1.6. Phwong phap nghién ctru ciia luan an
1.6.1. Phwong phdp nguyén civu 1y thuyét

Ap dung phuong phap nghién ctru co hoc ly thuyét dé nghién ciru dong luc hoc
qua trinh leo cau thang cua robot. Tir cAu tao cua robot, luan &n xay dung md hinh
dong luc hoc robot khi leo cau thang khi chwa xét dén hién tuong lat, tir két qua nay
tién hanh dé xuat hé théng truyén dong dong co dién cho banh xich robot dam bao
dong co co kha niang cung cdp md men du Ion dé tao luc kéo giup robot vuot qua
chuéng ngai vat (cau thang). Bong thoi luan an ciing 4p dung phwong phap co hoc Iy
thuyét dé xay dung mé hinh dong luc hoc khi robot va cham véi bac cau thang trong
qua trinh 18n va xudng c6 thé dan dén hién tuong lat; khao sat phuong trinh dong lec
hoc khi xét t6i tac dong chdng lat théng qua di chuyén vi tri dbi trong (ac quy), tir hé
phuong trinh dong luc hoc luan an dé xuat phuong phap diéu khién chuyén dong doi
trong (phwong phdp diéu khién PID mo) nham dam bao robot leo 18n cau thang voi
gia tri van toc Ién, gilp robot nhanh chéng tiép can dam chay ma van dam bao 6n
dinh robot khdng bi lat.
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1.6.2. Phwong phap nghién ciru thuwc nghiém

Ap dung cac phuong phap do ludng cac dai lwong khong dién bang dién dé xac
dinh céc thdng sé dau vao va xac dinh céc thong sé dau ra.

Str dung cac thiét bi do va cac phan mém xu ly s6 liéu hién dai dé xac dinh céac
théng s phuc vu cho khao sét bai toan ly thuyét nhu van toc robot, goc nghiéng robot,
gia toc dbi trong...

Qua trinh t6 chirc va tién hanh thi nghiém xac dinh cac dai luong nghién ctru
dugc thyc hién theo phuong phap théng ké todn hoc va phwong phép thi nghiém
chuyén nganh.

Tién hanh xir ly sé liéu thuc nghiém dé kiém chiing cong thie ly thuyét duge
dua trén co so ly thuyét thong ké.

Két luan chwong 1

Tur nhitng két qua phan tich trinh bay & trén, luan an co thé di dén mot so két
luan sau:

1. Cong nghé va thiét bi chita chay bang robot & Viét Nam con nhiéu han ché,
hau nhu chwa duoc &p dung rong rai ngoai hai thanh phé Ion 1a Ha Noi va Thanh phé
Ho Chi Minh. Viéc str dung robot chira chay cho hiéu qua chira chay cao, an toan tinh
mang va strc khoe ciia can bo chién sy chira chay.

2. Trén thé gigi c6 nhiéu cong trinh nghién ciru vé robot chita chay, cac cong
trinh nay da duoc 4p dung vao thuc tién dé tao ra cac robot chira chay st dung trong
thuc tién, trong khi d6 cac cong trinh nghién ciru vé robot chira chay & Viét Nam con
nhiéu han ché.

3. O Viét Nam di c6 dé tai doc 1ap cap nha nuéc nghién ctu thiét ké ché tao thir
nghiém robot chira chay cong trinh céng nghiép, két qua cua dé tai da thiét ké ché tao
dugc robot chira chay cho cong trinh cong nghiép, song dé tai chi tap trung vao noi
dung thiét ké ché tao chua c6 nghién ctru su vé dong luc hoc va diéu khién robot
chira chay.

4. Dé co co so ly thuyét cho qué trinh tinh toan thiét k&, hoan thién robot chira
chéy cong trinh céng nghiép, dac biét 1a hoan thién kha nang di chuyén 1én xudng cau

thang cua robot dap (g yéu cau cdng nghé chita chay 1 tiép can dam chay nhanh
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nhét, robot 6n dinh khdng bi lat thi can thiét phai nghién cau dong luc hoc va diéu
khién qua trinh leo Ién, leo xubng cau thang. Véi noi dung: “Nghién ciru dong luc

hoc va diéu khién robot chita chay nha xwong cdng nghiép” ma luan an lya chon 1

can thiét va cd tinh thoi su.
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CHUONG 2
PONG LUC HQOC VA PIEU KHIEN QUA TRINH ROBOT DI CHUYEN
LEN, XUONG CAU THANG

Cin cr vao yéu cdu va tinh ning ctia robot chita chdy cong trinh céng nghiép,
robot phai di chuyén trén bac cau thang dé tiép can dam chay, dong thoi cing phai di
chuyén xudng bac ciu thang khi hoan thanh nhiém vu chira chay, dé c6 co sé khoa hoc
cho qua trinh tinh toan thiét ké co cu di dong ctia robot ludn an tap trung nghién ciru
cac ndi dung sau:

- Xay dung mé hinh dong lic hoc ctia robot trong qua trinh leo cAu thang (gdm
leo 1én, leo xudng) véi mot s6 gia thiét 1y twong khi chwa xét toi hién tuong 1at.

- Xay dung hé thong diéu khién chuyén dong ciia robot.

- Thong qua viéc mod phong ma chuong trinh Matlab md phong dugc viét trén
hé phuong trinh dong luc hoc dé kiém tra tinh dap tng ctia hé thong diéu khién duoc
xay dung nham dam bao robot c¢6 thé leo dugc cau thang. Pong thoi tir két qua mé
phdéng chirtng minh tinh chinh xac ctia hé phuong trinh dong luc hoc dugc xay dung.

bé don gian xay dung phuong trinh dong lyc hoc, mot $6 gia thiét sau dugc xét
tot:

- Do robot str dung banh xich c6 gai, hé s6 ma sat 16n nén khong ¢ hién tuong
truot xich trén ciu thang;

- Hé thng diéu khién dong co truyén dong dam bao diéu khién can bang duoc
2 dong co truyén dong, do vay tdc d6 cua hai banh xich béng nhau khong sinh ra
chuyén dong quay, dong thoi md men xoan hai dong co sinh ra déu nhau, dam bao
sinh ra luc kéo Fm dugce quy v& mé men dau truc dong co T theo cong thic (2.2);

- Trong quaé trinh leo cau thang, robot vira leo vira dai voi chira chay c6 san
dugc mang trén than robot (hinh 1.7) nhd co cau doc 1ap, co cau duogc trang bi nay
sinh ra luc hd tro dé dai voi (robot khong kéo voi). Do vay, luc dai voi tac dong 1én
robot 12 rat nho va c6 thé bd qua trong qua trinh tinh todn dong lyc hoc.

- Trong qué trinh leo 1én, va dic biét 1a leo xubng s& xay ra hién tuong va dap
v&i mit bac va mili bac cau thang do tdc d6 lao vao cua robot, tir d6 sinh ra mot xung

lyc. Xung luc nay phuc thudc vao tdc do cua robot, hinh dang (do dbc bac cau thang)
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c6 thé dan t6i robot bj 14t. Tuy nhién, tai chuong 2 hién tugng nay khong dugc xét téi
va dugc bdé qua, do myc dich chinh ctia chuong 2 1a xay dung mo6 hinh dong luc hoc
qua trinh leo, tir d6 kiém chimg kha ning dap tng ctia dong co BLDC truyén dong,
cling nhu hé théng diéu khién dong co nhim dam béo kha ning dong co sinh ra vén toc
va md men T ( dai dién cho Fum duoc quy doi vé dau truc dong co) mong mudn dé robot
c6 thé leo duoc cau thang. Viée xét t6i xung luc, kha ning 14t ciing nhu phuong phap
diéu khién chéng hién twong 14t duoc ludn 4n tach riéng dé nghién ctru tai chuong 3.
2.1. X4y dung phwong trinh ddng luc hoc robot khi leo 1én cau thang
2.1.1. Dong lyc hoc tai buoc 1 khi leo lén

Tai budc 1, robot bit dau leo cau thang. Ban dau, géc nghiéng caa robot ¢ = 0 va
goc nghiéng duoc tang dan. Trong qua trinh leo cau thang tai budc nay thi ¢ tang va
ggiam dan. Khi phan ddy phia truéc mat xich cham vao miii bac cau thang thi ¢ = 0,
khi d6 budc 1 s& két thuc (hinh 2.1)

AKY

Xy
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Hinh 2.1: Phan tich déng hrc hoc buée 1 qua trinh leo 1én ciu thang
acy - gia toc tai khoi tam robot; acy, - gia toc khoi tam theo truc X, acy,, - gia toc
khoi tam theo truc Y; 2 = ¢ - gia téc goc robot tai khoi tam trong giai doan nay ; Lo
khodng cach tir banh trueéc téi banh sau (chiéu dai mdr xich duwdi); Lgy, khoang cach
tr khoi tam t6i banh truéc; Ly, khodng cach tir khdi tam téi banh sau a,, gia toc tai
diém A theo phiong X.

Hé phuong trinh dong luc hoc robot tai budc 1 gdom:

d*x
EFE,E=m——= =F +¢)+F, —F
Z x mdt2 MAcpx mcos(y + @) +Fy c 2.1)

d*y .
sz = mﬁ= macyy = Fy sin(y + @) + Ny + Nc —mgg

d’x ) _

dt2 = Aepyx = Aax — P(Lay Sin @ + hy, cos @)
d*y ) _

dt2 = Acmy = QD(LAM cos @ + hb sin go)

D M = (1 +meRE)G = Ny(ithy = Ly €05 9 = q) + (Lpys €05 ¢
+q)meg
Trong d6: Y. F, 1a tong luc theo phuong X; 3 E, tong luc theo phuong Y; M, 1a
mo men quay tai diém C vi can phai xét kha ning robot bi quay tai C; m 1 khéi luong
robot.
Tir dong co truyén dong, qua hop sb s& tao ra md-men xoan dau ra T, tir d6 tao ra luc
kéoF,, dé kéo robot tién vé phia trugc. Ching c6 méi quan hé véi nhau nhu sau:



B G.E -
== 2.2)
Trong d6, G la ti sb truyén cua hop sb, E 1a hiéu suat cua hop sb, va r 1a ban kinh cua
banh sao dan dong.
Luc F,, F. 1 cac lyc ma sét tao ra tai diém A va C. Ching duoc tinh nhu sau:
Fy = uN,
F. = uN, (2.3)
Véi Na va Nc 12 phan luc tai hai diém A va C dugce tinh nhu sau:
_ mcg(Lgy cos B +q)
~ (LocosB+q—puhy) (2.4)
N, = . mcg (Lo cos f — Lgy cosf—phy, )
(—osin(B+60)+cos(B+6)(LocosB+q—uhy, )
va g duoc tinh

A

h, — Ly sing
tan(p +vy) (2.5)

q:

va R,,duoc tinh

Ry = \/(LBM + q)? + (hy, — Ly sin @ — hy, cos ¢)?

(2.6)
2.1.2. Dong luc hoc robot tai buéc 2 qud trinh leo lén
A }- ’
M Lﬁ.u ) 3
\\\ \%_.
S a \
L s Ly ey, o Y+
¥ _Q - ¢)' - 17 \\};“\ \\
'€ By Tl B
SRl < Bk i 2h,
: ~a : h,
g > Y @ ! -
2 < | : <
A (_“,_4.‘: > 2
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Hinh 2.2: Phan tich déng hrc hoc bwée 2 qua trinh leo 1én cAu thang

Budc 2 bat dau khi budc 1 két thuc, khi d6 phan mat cia ddy xich bat dau tiép

xic voi mili bac cau thang (hinh 2.2). Phuong trinh dong luc hoc robot tai budc 2

\
A

gom:
d?x (2.7)
ZFX = mﬁ = Mmacy, = Fy cos(@) + F, — F,

d’y .
ZFy =m—7 = Mdcuy =Fysin(p)+ Ny + N, —m.g

d?x ) _

ez demx T Qax — @(Lay sin@ + hy, cos @)
d?y ) _

dez acyy = P(Lay cOs @ + hy, sin @)

> Me =0 +meRE)

= Ny(uhp — Lycos ¢ —q) —m.g(Lgy cos ¢ — q + hy, sin @)
Véi R,, dugc tinh

q
R., = |[(Lgy +
r2 j( BM " cos @2 (Lgy Sin @ + hy, cos @ — hy)? (2.8)
va

_ (hy — Lgsing) (2.9)
1= tan ¢




31

2.1.3. Dong luc hoc robot tai buwoc 3 qua trinh leo lén

Budc 3 bat dau khi phan day xich tiép xdc véi 2 mili bac cau thang, ldc nay
robot da duoc nhac I1én khoi mit dat, robot di chuyén 1én trén véi do dbc cau thang
khéng doi, tic ¢ = B

Hinh 2.3: Phan tich dong lue hoc buée 3 qua trinh leo 1én ciu thang

Phuong trinh ddng luc hoc robot tai budce 3 1a

d*x , (2.10)
ZF,C = mﬁ= Macyy, = Fycosf + Fycos B — Nysin — F,

d*y . .
sz =mﬁ=maCMy =Fysinf +Fysinf + Nycosf —m.g + N,

d*x ) _
qrz  Gemx = Qax — @ (Lay sin B + hy, cos B)

d’y ) .
el = dcyy = P(Lay cos B+ hp sin )
> My = Fy(=hy cos f + Ly sin B) + NeChppt + L) = megLy
V(’),l L1 + LZ = Lb
2.1.4. Dong luc hoc robot tai bwde 4 qua trinh leo Ién
Trong budc niy, mat ddy xich robot tiép xic véi 3 miii bac ciu thang. Hé

phuong trinh dong luc hoc cua robot tai budce 4 1a:
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x
Hinh 2.4: Phén tich ddng luc hoc buéc 4 qua trinh leo 1én cAu thang

d?x _ (2.11)
ZFX =m—5 = Mdcux =FycosB+FycosfB —N,sinfs —F¢

d’y . .
ZFy :mﬁzmamy =Fysinf + Fysinf + Nycosf —m.g + N

d*x ) _
dez  Gemx = Qax = @(Lay sin B + hy, cos B)

d’y N .

dtz acmy = @ (Lay cos B+ hy sin )

Z My = Ne(2hppu + 2Ly, cos B) — Fy(2hy, cos p — 2L, sin ) —m gL,
v6i Ly + L, = 2L,
2.1.5. Dong luc hoc robot tai buwéc 5 qud trinh leo lén

Bit dau tir budc 3 va budc 4, hai budc nay duoc thyc hién hoan d6i cho nhau

cho t6i khi robot di t&i miii bac cau thang cubi cung tai chiéu nghi. Khi khéi tAm cia
robot di qua mili trén cing ctia bac cau thang (theo huéng vudng goc) thi budc 5 bat
dau xay ra, lGc nay robot c6 hién twong quay tai miii bic cau thang C va két thuc khi
mat day xich tiép xdc véi chiéu nghi (mat phiang ngang, dat), trong (ng voi do goc
@ giam tir ¢ = B cho dén gia tri ¢ = 0. Trong budc nay, robot thuc hién 3 chuyén
d6ng gom 2 chuyén dong tinh tién theo truc X, Y va 1 chuyén dong xoay
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X

Hinh 2.5: Phan tich ddng lrc hoc buédc 5 qua trinh leo 1én ciu thang

Hé phuong trinh dong luc hoc robot tai budc 5 gdom:

d*x (2.12)
ZFx = mﬁz Mmacy, = Fy cos o — F;
d*y .
ZFy = mﬁ = Macyy =Fy sing + Ne —m.g
d?x _ hy
qpz - Gemx = Qax — (p(cosgo + AL tan @)
d*y )
dt? = aCMy = —¢AL

2.2. Xdy dwng phwong trinh dpng luc hoc robot khi leo xuéng cau thang
2.2.1. Pong lwc hoc robot tai buwde 1 qud trinh leo xuéng

Budc 1 caa qué trinh leo xudng cau thang 1a khi robot di chuyén trén mat
phiang nam ngang cua tang trén hoac chiéu nghi, cho tai khi khdi tam robot tién dén
mili bac cau thang theo chiéu thing dung. Khi d6 budc 1 s& két thuc dé trang thai
robot chuyén sang budc 2 cia qua trinh leo xuéng. Trong budc 1, do di chuyén trén

mat phang nam ngang nén robot khdng cd hién tuong xoay.
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Hinh 2.6: Phan tich ddng lwec hoc buée 1 qua trinh leo xudng ciu thang

Phuong trinh dong luc hoc robot tai budc 1 qua trinh leo xudng cau thang la:

d’x (2.13)
ZFx :mW:FM_.umcg

v6i p 13 hé s6 ma sat; me 1 khdi lugng robot; Fu 12 luc sinh ra boi xich.
2.2.2. Pong lwc hoc robot tai buwdc 2 qud trinh leo xuéng
Budc nay xay ra khi khdi tim robot bat ddu di qua mili bac cau thang, lic

nay khdi tim robot s& tao ra mo men quay tai diém C
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Hinh 2.7: Phan tich déng lrc hoc buéc 2 qua trinh leo xudng ciu thang
Hé phuong trinh dong luc hoc robot tai budc 2 qué trinh leo xudng cau thang
bao gom:

Yce
z F, = mcacy, = —Fysin

ZMC=I¢5=ngAL

hw
cos @

Acmx = Qex — @ ( + AL tan (p)

Acyy = QAL
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2.2.3. Pong lwc hoc robot tai buwéc 3 qud trinh leo xuéng

X

L

Hinh 2.8: Phan tich dong luc hoc bwée 3 qua trinh leo xudng ciu thang
Hé phuong trinh dong luc hoc robot tai budc 3 qua trinh leo xuéng cu thang
bao gdm:

Z E. =meacy, = Fc + Fycos @ — Nysing — Fy cos @ (2.15)

YymSsing

Z E, =m.acyy = N¢ + Nycos ¢ — Fysin
> Mc = +mRY)

1
|
ATD tan (using — cos @) — (sin@ + pcos @)

h
+m.g [m —cos @ (hy sing — Lgy) — hy sing

Acmx = Aax — .E(LBM sin @ + hy cos @)

Acmy = B(Lgy cos @ — hy sin @)

— 2 hy
Ry3 = [hy + Cos(p_LBM
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2.2.4. Pong lwc hoc robot tai buwéc 4 qud trinh leo xuéng
Budc 4 ciia qua trinh leo xudng bat dau khi mat day banh xich tiép xtc vai hai
mili bac cau thang, géc nghién robot bang do doc cau thang 1a khong ddi ¢ = B. Do

vay, hé phuong trinh dong luc hoc trong budéc 4 sé& theo bién ¢ = g Ia:

Hinh 2.9: Phan tich dong luc hoc budc 4 qua trinh leo xudng ciu thang

Z Fx - mcaCMx = (_FM - FA + Fc) COSﬁ - (NA + Nc) Slnﬁ (216)

Y(=FmM+Na+N¢) cos B(Na+Nc)c
Z E, =m.acyy = sin

YM, = Fy[2hy, cos B — L, sin B] — m_.gL,

+Nc[2h,(sin B —ucosB) + L,(cos B + usinB)]
2.2.5. Pong lwe hoc robot tai buwde 5 qud trinh leo xuong

Sau khi budc 4 dién ra, thi qua trinh leo xubng cau thang cua robot dwoc lap
di 1ap lai thdng qua viéc chuyén tiép giira bude 3 va budc 4 khi robot leo xubng cau
thang cho t6i khi buéc 5 dién ra (robot xuéng téi bac cudi ciing cua cau thang trudc
khi cham mit dat). Buéc 5 dién ra phan dau mit xich phia trude tiép xdc voi mat dat
(hoac chiéu nghi), khi dé robot tiép tuc tién vé phia trudc va goc nghiéng robot sé
thay ddi giam tir gié tri 16n nhat (khi phan dau mat xich phia truéc tiép xic véi dat)

vé gid tri nho nhat (khi phan cudi mat xich phia sau tiép xuc véi mili bac cau thang)
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Hinh 2.10: Phén tich dong lwc hoc buée 5 qua trinh leo xudng ciu thang
Hé phuong trinh dong luc hoc robot tai budc 5 qua trinh leo xudéng cau thang
bao gdm:
Z E. =m.acyy = Fc — Fycos @ — Ngsing — Fy, cos @ (2.17)

ZFy =Mcacyy = N+ Nycos @ — Fysing — Fy sing

YMc=({+mR3)§
1
= NA/’lb [ . .
tan @ (usin@ — cos @) — (sin@ + @ cos @)
+ [ i
Med tan o — cos @ (hy sin@ — Lgy) — hy Sin@

Acmx = Aax — P(Lpy Sin@ + hy cos )
Acmy = @(Lpy cos @ — hy sin @)
2.2.6. Pong lwrc hoc robot tai buwdc 6 qud trinh leo xuéng
Budc cubi ndy bat dau khi phan cudi mat xich phia sau roi khoi miii cudi bac
cau thang, lUc nay robot s& c6 chuyén dong quay (roi xudng dat). Budc 6 két thic khi

toan bo mat xich tiép xdc voi mit phang dat.
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Hinh 2.11: Phén tich dong lwc hoc buéc 6 qua trinh leo xudng ciu thang
Heé phuong trinh dong luc hoc robot tai budc 6 qua trinh leo xudng cau thang bao
gom:

Z E. =m.acy, = Fy cos ¢ — F,
(2.18)

Z E, =m.acyy = Fysing + No —m.g

YM, =1¢ = Fylcos @ (Lgy cos @ — hy, sin@) — sin@ (Lgy Sin @
+ hyy cos @)]

+N;[(Lgy cos @ — hy sin @) — u(Lgy Sin @ + hy, cos @)]

Acmx = Acx — P(Lpm Sin @ + hy cos @)

Acmy = @(Lpy cOs @ — hy sin @)

2.3. X4y dung hé thong diéu khién chuyén dong cho robot

Tai muc 2.1 va 2.2 luan an da tién hanh xay dung cac hé phuong trinh dong
luc hoc cua qué trinh robot leo cau thang (leo Ién, leo xudng), trong hé phwong trinh
tai hai muc trén Fu 12 luc kéo do dong co sinh ra, dugc quy doi vé truc dong co theo
phuong trinh (2.2). Do vay, muc tiéu caa muc nay la nghién ciu bo diéu khién dé
diéu khién dong co truyén dong sinh ra Fu ( quy doi vé md men truc dong co T qua
(2.2)) thoa man hé phuong trinh dong luc hoc dé dam bao robot leo cau thang (leo

I&n, leo xusng) véi van téc V nhat dinh.
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2.3.1. Tinh toan déng co truyén dpng cho robot
Robot duogc trang bi 02 dong co truyén dong doc lap cho 2 banh xich, duoc
Iip thong qua hop sé va banh sao (banh trung gian két ndi véi mét xich truyén hec),

duoc md ta trén hinh 2.12. Dong co lap trén robot 1 loai dong co mot chiéu

Pong co truyén dong

Hinh 2.12: Pong co truyén dong trang bi cho robot
Thong s6 ky thuat:
—bién ap: 24 (V)
— Dong dién: 18.7 (A) — Momen xoan: 1,11 (Nm)
— Cong suat: 350 (W)
— Tai trong an toan: 180 (kg)
— S vong quay: 3200 (rpm)
—Ti l¢ giam: 9,78: 1 — 310 (prm)
2.3.2. Tinh toan bé diéu khién déng co truyén dpng cho robot
2.3.2.1. Driver diéu khién dgng co
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Hinh 2.13: B$ diéu khién dong co DC thong minh DRIVER PID SMART
MOTOR DC
MO ta chi tiét:

Bo diéu khién dong co DC thong minh DRIVER PID SMART MOTOR DC

Driver dugc trang bi bo vi xtr Iy ARM hién dai nhit nén cung cip nhiéu chuc
ning cao cap nhu sau:

- Chay dong co cOng suat 16n téi 700W, dién ap dicu khién 24vDC.

- Giao tiép may tinh qua cong com uart.

- Bén led béo trang thai hoat dong.

- Chay PID vi tri theo chuan 1 xung va 1 huéng hd tro tan s6 1én téi 10Mhz, voi
céc théng sé Kp Kd Ki diéu chinh duoc bang giao dién may tinh.

- Chay PID vi tri theo chuan xung encoder AB hd tro tan s6 1én tgi 10Mhz, ing
dung l1am cénh tay may , véi cac thong sé Kp Kd Ki diéu chinh duoc bang giao dién
may tinh.

- Chay PID van tdc hd trg cac chuén giao tiép:

-1 PWM (tich cuc murc 0 v6i d6 phan giai 8 bit) va 1 hudng, hd tro tan sé didu

xung(50 hz-5 khz).

- UART véi khung truyén 3 byte (byte dau la thudc tinh gdm chiéu quay bit tht

7 va cac bit con lai la dia chi, byte gitta 1a toc do, byte cudi lubn ludn 1a OXFF). Hb
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trg giao tiép moi toc do baudrate va tdi da 18n dén 128 thiét bi ma chi ton 1 day diéu
khién tir mater, c6 giao dién tly chon cho nguoi st dung.

- C6 chtrc ning théng minh 1a chi can nhap thong sé toc d6 max cua dong co
tinh theo vong/pht va xung encoder quay duoc 1 vong thi bo diéu khién s& ty tinh
toan ra hét cac hé s6 Kp, Kd, Ki.

- Ho trg chay dong co Ién t&i 20000 (prm) va encoder 20000 (xung/vong).

- Chay theo chuan cau H don thuin khong can encoder, c6 3 chuan giao tiép

PWM, UART.
2.3.2.2. Xay dwng mach diéu khién dpng co
a) Module xa ly trung tdm

Dé robot ¢6 thé diéu khién dong co truyén dong cho banh xich robot, luan an
sir dung mot module xir ly trung tam gom
- Vi diéu khién Arduino MEGA 2560
- B diéu khién dong co

-PonviRo le

Remote Control

Receiver

Compass

MicroController

Driver #1 Driver #2 Relays

Encoder

Motor of Motor of
Left Driving right driving
wheel Encoder wheel

Motor of Motor of Fire
counterweight Nozzle

Hinh 2.14: So d6 tong quat ciia hé thong diéu khién
Diéu khién tir xa FlySky I6S déng vai tro 1a may phat, né dugc két ndi voi mot
bo nat nhan. Khi mot nit cu thé dugc nhan, chuong trinh thuc hién truyén di liéu
tuong tng khong day dén bo thu Fs-i6ab. Bo thu 1a bo giai ma RF voi mudi kénh.

Viéc dinh nghia thanh ghi, tao bién va chi dinh chan I/O dugc van hanh trén b vi
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diéu khién Arduino MEGA 2560. Bo vi diéu khién nhan di liéu ndi tiép tir bo thu Fs-
i6ab dé giao tiép véi trinh diéu khién dong co dé diéu khién hoat dong chung cua
robot: di chuyén robot vé phia trudc/phia sau, ré phai/trai va giao tiép véi role dé diéu

khién dong co cua dbi trong va diéu khién lang phun hoic bat/tit dén va coi

MEGA 2560 (3

LTl p—

7 ot

DCDC
MP2307

Hinh 2.15: Vi diéu khién Arduino MEGA 2560
Mach giao dién cua hé théng diéu khién dugc phat trién nhu minh hoa trong
Hinh 2.16. Tc d6 va hudng cta hai dong co ciia banh 1ai c6 thé dugc didu chinh

thong qua Bo diéu ché do rong xung nhu mo ta trong so do sau:

Hinh 2.16: Mach giao dién ciia h¢ thong diéu khién



2.3.2.3. Thudt todn diéu khién dong co

Pé dam bao dong co truyén dong duoc hoat dong theo yéu cau, gilp robot
chuyén dong theo mong mudn, bd vi diéu khién trong module xir Iy trung tam can
phai duoc lap trinh, dé tién hanh qua trinh viét chuong trinh diéu khién, luan an tién

hanh xay dung thuat toan diéu khién dong co. Thuét toan dugc trinh bay trén hinh

2.17.
- Di chuyén

Tin hiéu encoder

Tay didu khign

B3 thu tin higu

Vi digu khién

l
1
[ == ]
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Driver
dongcol

Tin hiéu encoder

Driver
déngcor2

Tay diéu khién bam tin hig¢u di chuyén,
& phat tin héu tirxa

80 thu sé thu tin hiéu diéu khién va
truyen tin hiéu vao VOK

VEK nhan tin hiéu va x& Iy tin higu dé
diBu khién driver déng co

Driver Gong co nhan tin hidu diéu khién
va diéu khién cong suat, ngoai ra nhan
tin hiéu encoder dé dé gim toc do theo
dung tin hidu diéu khign nhan dugec.

Dang co 58 quay va truyén
tin hiéu vé driver bang
encoder

Hinh 2.17: So d6 thuit toan di chuyén robot chira chay




- Piéu khién dong co 1.

hoat ding
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VEK 58 laa xung
P b FE digu lohidn,
MEu khang cé xung

Gdng co =& dirmg

Truerng he'a xunp
PWh >0 dang cor sa
guay theo chigu lim
dding b wé toc 06 sé
phu thudc v mic do
KUME

Trudrg hop xung PWM < 0 dong cor 2é
quay theo chidu ngue lkirm déng hi
wi Wi dd sé phy thudc va e dé

UMz

Hinh 2.18: So' d6 thuét toan diéu khién dong co 1

- Piéu khién dong co 2.

P& 2 =0

Xung PYWH

M&N 270
PN 2 =0

B o 2
hoat dang

Ehng oF T quay
theo chifu kim

WEIC o8 Lo xung
P 32 digw lhidn.
MEU khing co xung
dong cor =& dirng

Trudérng hop xung
PWK = 0 dong cof 58
quay theo chiguw kim
dding ho va tdc dé =&
phu thudo va moe do

PN 2 <0

UM

Trudng hop xung PWHAN < 0 dong oo =8 quay
then chigw npuwc kim dong ho vl Woe 06 @
phu thude va moe do xung

Hinh 2.19: So' d6 thuat toan diéu khién dong co 2



46

2.4. M phéng va d4anh gia két qua qua trinh leo ciu thang ciia Robot chira chay

Muc dich ctia viéc md phong 1a dé danh gia tinh chinh xac hé phuong trinh

dong Iyc hoc (mo hinh dong luc hoc) cia robot dugc xay dung tai muc 2.1 va 2.2,

ddng thoi danh gia kha ning dap tmg cua hé thong diéu khién truyén dong voi dong

co duoc trang bi cho banh xich robot.

Do khéng c6 hién twong truot, quay ngang nén chuyén dong cia robot c6 ba

thanh phan ¢ mdi giai doan gém: chuyén dong tinh tién theo truc X, chuyén dong

theo tryuc Y va mot chuyén dong quay theo truc Z. Ba thanh phan nay lién quan mat

thiét voi nhau va véi trong tam ctia robot

2.4.1. Cdc tham sé va gia dinh trong mé phéng

Pé tién hanh qua trinh m6 phong va danh gia két qua dap Gng cia dong co

BLDC dugc trang bi, luan an st dung céac thong sb6 dugc mé ta trén bang 2.1:

Bang 2.1: Cac thong so ciia robot va ciu thang diung cho mé phéng

STT Tén tham so Ky hiéu | Ponvi | Gia tri
trong DLH

1 | Tong khoi lugng robot va ap quy dit tai me kg 150
khoi tam

2 | Gia toc trong truong g m/s? 10

3 Hé sd ma sét 0.6

4 | Chiéu cao bac hp m 0.15

5 | Do doc cau thang (30 d06) B rad 0.523

6 | Goc leo phia trudc robot (45 d9) Y rad 0.78

7 | Do dai mit xich tiép dat (mdt xich dudi) Lo m 0.8

8 Chiéu cao cua diém trong tam to1 mat hwm m 0.1
dudi xich

9 | M0 men quan tinh quay I Kg.m? 50

10 | Ty s6 chuyén hop s6 G 30

11 | Hiéu suét hop so E 0.8

12 | Ban kinh banh sao chu dong (banh r m 0.1
truyén dong tir dong co ra banh xich)
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2.4.2. Két qua mé phéong

—.‘O—b

o
o

oS

0
N

oo en

.
N o ro

=5

oo ro

]T(Mn) aXradd /' 8) e, 1/ 5%) ap,, (m /! s7) @ Gad / s*)@p (rad’

GOC NGHIENG
1 L l 1 [ [ [ LR
—_—‘/' | | | | | I 1 r) t( S)
1 2 3 4 5 b T 8 9 10
GIATOC GOC KHOI TAM
\ | | | Il | | L
SR TR TR TR TR TR TRV IV | & - | U
| | | | | | | | J
1 2 3 4 5 b 1 8 9 10
GIATOC THEO TRUC X
‘ | | - 1 = | | : | | |
| x | | | \ | i) ] s)
1 2 3 4 5 b 1 8 9 10
GIATOC THEOTRUCY
] | | ._IA | | I ]
' 1 o | ! | "y o
1 2 3 4 5 b 1 8 9 10
VAN TOC DONG CO'
I | | 1 Tﬁ
| l | | | | 1 J t(S)
0 1 2 3 4 5 b 1 8 9 10
MOMEN XOAN
= I T T _ﬁL, I ey l.,_.
| | | | | | | |
0 1 2 3 4 9 b 1 8 9 10

Hinh 2.20: Két qua mé phéng qué trinh leo ciu thang
(Leo 1&n-di trén mdt phdng- leo xuong)

Tir két qua mé phong, luan an co thé rat ra cac két ludn sau:
- Pong co can phai sinh ra mét md men xoan T duoc bién ddi theo thoi gian dap tng
db thi hinh 2.20-f, v6i gia tri 16n nhat T,,,, (NM) (quy d6i Fymqytheo (2.2) cho tong
hai banh), van tdc goc ddng co can sinh ra theo thoi gian dap tng db thi hinh 2.20-e
v6i gia tri 16n nhat w,,q,.
- So sanh vé6i dong co BLDC duoc trang bi c6 thong s6 tai bang 2.1 ¢6 Ty, = 2(Nm)
Va wy. = 627,6(rad/s) thi hé thong diéu khién chuyén dong tai muc 2.3 hoan toan
dap Gmg duoc yéu cau. Hé théng nay s& dam bao robot hoan thanh viéc leo 1én va leo

xudng bac cau thang.
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Qua trinh bién ddi cua 3 dai lugng robot 1a gia tdc khéi tAm theo truc X, truc

Y va gia toc goc cling duge dién ta trén hinh 2.20. Dé phan tich chi tiét, luan an trich

dan két qua cia mo phong cua cac budc 1an lugt nhu sau:

a) Quatrinh leo Ién

—~ GOC NGHIENG

©

c 04 | I I |
& |

S 02 | | .

o .

_ 0 0.1 0.2 0.3 0.4
% GIA TOC GOC KHOI TAM

-~ 20 T T T T
B 1)

T 0 | \ | l |
R 0 0.1 0.2 0.3 0.4
"o GIA TOC THEO TRUC X

E 0.95 T T T T
(é% 0.9 | | | |
- 0 0.1 0.2 0.3 0.4
k2 - GIA TOC THEO TRUC Y

= . f I [ [
< 02

mo 0 | | | |

0 0.1 0.2 0.3 0.4

o> 560 | VAN TOC BONG CO [
~~

< 100

=

% 0 | | | |

0 0.1 0.2 0.3 0.4

Hinh 2.21: Két qua mo phéng bwéc 1 quéa trinh leo 1én

t(s)

- Buégc 1 leo Ién. Lac nay robot bt dau tiép xtc voi miii cau thang dé leo 1én,

khi d6 goc nghiéng gthay doi tir 0 va ting dan, tuy nhién ¢ < g = 0.523(rad), gia

doan 1 dién ra dén thoi diém t = 0.56(s), khi d6 phan ddu mat ddy banh xich tiép

xUc v6i miii dau tién caa bac cau thang.
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—~ GOC NGHIENG
g 04 T T
: 0.2 =
S 0 | 1 t(s)
0.6 0.7
— GIA TOC GOC KHOI TAM
‘\‘2 20 T T
B 10 -
= o0 ' ' t(s)
0.6 0.7
[ GIA TOC THEO TRUC X
wn ).95 T T
~—~
=
~< 09 : ' t(s)
S 0.6 0.7
© GIA TOC THEO TRUC Y
2 02 =
E o | | t(s)
= 0.6 0.7
(4v]
200 : VAN TOC
(5]
~~ !
= 100
S 0.6 0.7

Hinh 2.22: Két qua md phéng bwéc 2 qua trinh leo 1én

- Budc 2 leo 18n. Luc nay, mit day xich tiép xdc voi mot mii bac cau thang,
tiép tuc qua trinh tién 1én, khi d6 goc nghiéng robote tiép cuc tang thay doi tir 0 va
tang dan huéng vé goc f = 0.523(rad), budc hai két thic khi ¢ = g = 0.523(rad),

khi d6 diém dau mat day xich tiép xdc voi mii thir 2 cia bac cau thang. Gia doan 2

dién ra dén thoi diém t = 0.96(s), hinh 2.24 m ta.



w(rad /s) a,,(m/s®) a., (m/s?) ¢(rad/s?) ¢(rad)

o(rad /s) agy, (M/s?) ag,, (m/s?) @{rad/s?) p(rad)

g8 8

06
04
02

L o on
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GOC NGHIENG
T T T T
| I I 1
035 09 0.95 1.05 1.
GIA TOC GOC KHOITAM
T T T T
I 1 1 1
085 c9 0.95 105 1.
GIA TOC THEO TRUC X
T T T T
I I I 1
0.85 0.9 095 1.05 1.
GIATOC THEO TRUC Y
T T i I
I I I 1
0.85 0.9 0.95 1.05 1.
VAN TOC DONG CO
T T T T
I I I I
0.85 0.9 095 1.05

Hinh 2.23: Két qua méd phéng buéc 3 qua trinh leo 1én

GOC NGHIENG
T 1 { T T 1 I
| | ! ! | ! |
34 35 36 37 3B 39 41 42
GIA TOC GOC KHOI TAM
1 T i T | T T
! i 1 | ! 1 1 |
34 35 36 37 38 39 41 42
GIA TOC THEO TRUC X
1 T | T T T T
| ! ! ] | ! !
34 35 16 a7 38 39 4.1 42
GIATOC THEO TRUC Y
T T ! T T T T
| | ! ! ! ! |
34 35 36 3.8 39 41 42
VAN TOC DONG CO
I T 1 T i ] 1
| { | { 1 { | |
34 35 36 37 38 39 41 42

Hinh 2.24: Két qua md phéng budc 4 qua trinh leo 1én

t(s)

t(s)

f(s)

i(s)

t{s)

1.1

t{s)

\(s)

t(s)

i(s)

I(s)



@p(rad / s?) ¢ (rad)

o(rad /s) ag,, (m/s®) agy, (m/s?)

o1

- Budc 3 va budc 4 13 hai budc ma trang théi cua robot ludn hoan doi cho nhau,
buéc 3 bat dau khi mat day xich tiép x(c véi hai mii bac cau thang, géc nghiéng
robot ¢ = B = 0.523(rad) va diém cudi mit day xich da nhac lén khoi mat dat.
Trong suét qué trinh budc 3 va budc 4 hoan dbi nhau, twong ng véi robot lan luot
leo 1&n céc bac cau thang, trong subt qué trinh nay goc nghiéng robot 1a khong ddigp =
B = 0.523(rad), khi d6 voi ¢ = 0. Hinh 2.25 md ta bién doi tang thai cua robot

trong budc 3 va budc 4.

GOC NGHIENG
I T I
| | | | ! ]
49 5 51 52 5.3 54 55 586
" GIA TOC GOC KHOITAM
0 | | |
05 -1
-1 | | | | | !
49 5 51 52 53 54 55 56
GIATOC THEO TRUC X
0.71 ' ' ‘ ' ' ' 2]
).705
07 : - ! 1 ! |
49 5 51 52 53 54 55 56
1 GIATOC THEO TRUC Y
I I | ] [} [}
0
1 | | | | | |
49 5 5.1 52 53 54 55 56
VAN TOC DONG CO
400 T T T T T T
200 =
0 | | | | ! |
49 5 51 52 5.3 54 55 586

Hinh 2.25: Két qua méd phéng budc 5 qua trinh leo Ién

- Budc 5 qua trinh leo 1én dién ra khi khéi tam robot di qua mili bac cau thang
cudi cuing (mili ctia chiéu nghi), khi d6 dudi tac dung cua trong luc tai khéi tam, robot
bi roi xudng chiéu nghi khi tién 1én trong budc 5, khi d6 goc nghiéng ¢ s& bién doi
giam tir ¢ = B = 0.523(rad) Vé t6i ¢ = 0, trong duong mit xich di nim ngang
trén chiéu nghi. Khi d6 budc 5 két thuc, va robot chuyén dong trén mit phang nim
ngang. Két thiic qua trinh Iéo 1én, hinh 2.26 mé ta.
b) Qud trinh leo xuéng

- Qua trinh leo xudng dugc xét téi khi robot di tir mat phang nam ngang xudng

ti€p xtc voi1 mili dau tién cia bac cau thang, dé co tinh lién tic, trong mo6 phong luan

t(s)

t(s)

t(s)

t(s)

t(s)



o (rad)

@(rad / s?)

agy, (M/s%) gy, (M /%)

w(rad/s)
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an tiép ndi vé mit thoi gian khi két thuc bude 5 cua qua trinh leo 18n, robot ndm hoan
toan trén mat phang nam ngang.

- Chiing ta c6 thé thay, tai budc 1 ciia qua trinh leo xudng robot di chuyén trén
mit phang ndm ngang, do vay ¢ = 0 Va acy, = 0. C6 mét diéu dic biét 1a gia toc
g6c khoi tam b dat tir ¢ = 20(rad/s?) dot ngot thanh ¢ = 0(rad /s?) tai thoi diém
t = 4.2(s) (hinh 2.26 va hinh 2.27), diéu nay hoan toan hop 1y vi xét vé ban chat van
dé khi robot roi xuéng chiéu nghi (mat phang nam ngang) thi robot dugc mat phang
d& va qua trinh thay d6i ciia géc nghién khdng xay ra nita ¢ = 0, khdng c6 hién tuong

quay xay ra (twong ung h¢ phuong trinh (2.18).

GOC NGHIENG
2 | T T
0
2 | | I I I | | ! t(s)
4.9 5 L | 52 5.3 5.4 55 5.6
GIA TOC GOC KHOITAM
0 T T T T T T T T
0.5 -
A | ! ! ! ! | | | t(s)
49 5 5.1 52 53 5.4 5.5 5.6
GIA TOC THEO TRUC X
0.71 T T T T T 7 t(s)
).705 -
07 ! ! ! ! | ! | I
49 5 5:1 5.2 53 5.4 5.5 5.6
1 GIATOC THEO TRUC Y
T T T T T
0
% L L ! | | | | | t(s)
4.9 5 5.1 5.2 53 5.4 5.5 5.6
VAN TOC DONG CO
400 T T T T
200 —1t(s)
| | L I l | ! !

4.9 5 5.1 5.2 5.3 5.4 5.5 5.6

Hinh 2.26: Két qua mé phéng budéc 1 qua trinh leo xudng
- Twong ty véi qua trinh leo 1én, trang thai qua trinh leo xudng tr budc 2 dén
budc 6 (banh xich robot tiép xtc v6i mit phang dat nim ngang) duogc lan luot mé ta

trén cac hinh tir hinh 2.27 dén hinh 2.30.
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¢(rad /s?)
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GOC NGHIENG
0 T T + 1 1
05 g
4 | | | | | : t(S)
57 575 58 585 59 595
i GIATOC GOC KHOITAM
| ] T T
05 =
‘1 1 ] | | | ! ":S)
57 575 58 585 58 595
GIATOC THEO TRUC X
02 T T | T | ;
0 — —-‘
02 | | | | | ! t(S)
57 575 58 585 58 595
GIATOC THEOTRUCY
03 T T ] T T
025 .
02 | I | | | i “:5)
57 515 58 585 58 595
VAN TOC DONGCO
320 T T T T T
300 N
280 : : : : : tis)
57 575 58 585 58 595
Hinh 2.27: Két qua mé phong bwdc 2 qua trinh leo xuong
GOC NGHIENG
-0.56
058
056 ‘ts)
6.06 6.061 6.062 6.063 6.064 6.065 6.066 6.067 6.068 6.069
GIATOC GOC KHOITAM
40 T i 7 T T
20 3
" 1 | | - 1{s)
6.06 6.061 6.062 6.063 6.064 6.065 6.066 6.067 6.068 6.069
a GIA TOC THEO TRUC X
T I ] T T
2+ —
4 1 | | | 1 I t(s)
6.06 6.061 6.062 6.063 6.064 6.065 6.066 6.067 6.063 6.069
GIATOCTHEOTRUCY
088 T T T T T
0.86 I —
0.84 1 | | | | ! t(S)
6.06 6.061 6.062 6.063 6.064 6.065 6.066 6.067 6.063 6.069
VAN TOC DONGCO
284 T T T T T ]
282 -1
280 | | L | L t(s)
6.06 6.061 6.062 6.063 6.064 6.065 6.066 6.067 6.068 6.069

Hinh 2.28: Két qua md phéng budéc 3 qua trinh leo xudng
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GOC NGHIENG
T 2 T T T T T
E o
S 2 1 | | | 1 ((S}
6.2 6.4 6.5 6.8 7 7.2 74 76
. GIA TOC GOC KHOI TAM
<, 50 T T T T |
S 0
e 5 1 1 1 1 I [ [ t(s)
< 6.2 6.4 6.6 8.8 7 7.2 74 76
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K 2 T T T T 7
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‘é 2 i ! I I I | ! t{s)
< 6.2 6.4 6.6 6.8 7 7.2 74 78
~ GIA TOC THEO TRUC Y
0 ] T T T T
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e i L | | I ! t(s)
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o 400 T T T T T
- 200
g 0 1 ! 1 I I [ ! t{s)
S 6.2 6.4 6.6 6.8 7 7.2 74 78
Hinh 2.29: Két qua mé phéng bwdéc 4 qua trinh leo xuong
—_ GOC NGHIENG
-% 0 i 1 1 I
{; 02k -
04 : ! ' ! t(s)
~ 1047 10.18 10.19 102 10.21 10.22 10.23
2 GIA TOC GOC KHOITAM
'g 05 i 1 ] ]
45=— : : : t(s)
—~ 1047 10.18 10.19 102 10.21 10.22 10.23
» GIA TOC THEO TRUC X
= 005 1 x '
3
< -1 : ' . t(s)
117 10.18 10.19 102 10.21 10.22 10.23
0 10 GIATOC THEQO TRUC Y
E 5 I 1 ] I
< g : ' . tis)
10.17 10.18 10.19 102 10.21 10.22 10.23
- VAN TOC DONG CO
; 280 I i ] T
g 275 -1
3 210 ‘ ' . tfs)
10.17 10.18 10.19 102 10.21 10.22 10.23

Hinh 2.30: Két qua md phéng budéc 5 qua trinh leo xuéng
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Nhan xét: Thong qua két qua mé phong, ludn an c6 nhan xét sau:

- Chuong trinh m6 phong dugc dua trén hé phuong trinh dong luc hoc qua
trinh leo cau thang ciia robot (leo 1én, leo xudng). Két qua mé phong di cho thay tinh
chinh xac ctia h¢ phuong trinh dong luc hoc nay.

- Két qua mo phong ciing cho thay hé thong diéu khién chuyén dong duoc xay
dung dé tao mdé men quay hai banh xich robot hoan toan dép tmg dwgc qué trinh leo
cau thang cho robot.

Két luin chwong 2:

Tir két qua thu duoc trong chuong 2, luan &n ¢ rat ra mot s6 két luan sau:

1. ba xdy dung mo hinh, thiét lap duoc cac phuong trinh dong Iuc hoc cho
robot trong qué trinh leo cau thang voi gia thiét chua xét toi hién tuong va dap dan
toi lat;

2. bi xay dung bo diéu khién chuyén dong cho robot véi hé truyén dong cho
hai banh xich sir dung déng co BLDC v&i phuong phap diéu khién véan téc (ting,
giam toc) kém theo driver diéu khién chuyén dong cho dong co BLDC truyén dong;

3. i m6 phong chuyén dong cua robot 1én xudng bac cau thang, két qua mo
phong ciia hé phuong trinh dong luc hoc, da chimg minh kha niang diéu khién cta bo
diéu khién chuyén dong robot v4i dong co BLDC ¢6 cong suat dugc lwa chon, dong

tho1 chirng minh tinh chinh x4c cua h¢ phuong trinh dong luc hoc da duoc xay dung.
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CHUONG 3
PONG LUC HOC KHI XAY RA HIEN TUQNG LAT VA GIAl PHAP
PIEU KHIEN PE CHONG LAl HIEN TUQNG LAT KHI ROBOT LEO
CAU THANG

Nhu di phan tich trong tai phan dong luc hoc robot leo cau thang, hién twong lat
cua robot c6 kha ning xuat hién tai dau giai doan leo 1&n cau thang va dau giai doan
leo xudng cau thang (trong qua trinh day xich robot tiép x(c véi mili bac cau thang
dau khi leo 1én va khi diém déu mili banh tiép xUc véi bac dau tién khi leo xudng),
hién tugng lat nay xuat hién do quén tinh quay cua tam (hinh 3.1-a, hinh 3.1-b) va
phan lyuc tai diém A gy nén, khi d6 robot c6 hién twong xoay quanh diém C (diém C
la tam xoay cua robot) thi robot s& khdng tiép xdc véi bac cau thang tai cac dién A
nita. Néu goc 8 = 90° thi robot s& bj lat ap.

Pé khic phuyc hién tuong nay, luan an dua ra phuong 4n thay d6i trong tam cua
cum xe Robot (bao gém xe Robot va cum Acquy), phuong 4n nay duoc thuc hién
bang cach gan hé théng ac quy 1én mot ban trugt duoc truot boi hé thong bi va day
dai ring nhu sau (hinh 3.1): B6 4c quy c6 khéi lwong mq duoc gan trén mit cia hai
ban truot bi; khi dong co quay (4), truc chuyén dong (3) quay dan dén banh ring gin
trén truc chuyén dong quay, banh ring tac dong 1én dai rang (2) tao chuyén dong cho
dai rang; tir d6 di chuyén ban truot (1) c6 gan ac quy ¢ trén. Do vay, thong qua diéu
khién dong co, sinh ra mét luc F s& di chuyén vi tri khdi tdm 4c quy theo yéu cau, lam
thay d6i trong tam cta cum xe, chdong lai hién twong lat duoc phan tich ¢ trén.

B

a) hi¢n twong xoay quanh C khi robot leo 1én  b) Hién rrong xoay quanh C khi robot leo

cau thang Xuéng cau thang
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¢) Pé xuat sir dung Vi tri dc quy dé thay déi vi tri trong tam robot

Hinh 3.1: Céu tao b phan thay déi trong tAm robot
(1) -ban trueot bi tao mat phang gan dc quy; (2)- déay dai rang; (3) truc chuyén dong; (4)
déng co truyén déng dé di chuyén vi tri ac quy

Chuong 3 luan &n thuc hién cac noi dung sau:

- Xay dyng phuong trinh dong luc hoc xét téi hién twong lat caa robot khi leo cau
thang;

- Xay dung bo diéu khién chuyén dong cua ddi trong (ic quy) dé chdng lai (giam)
hién tuong lat cho robot trong qua trinh leo cau thang;

- Khao sat dong luc hoc cia md hinh dan dén kha ning c6 hién tuong lat caa robot,
tir d6 dua ra cac cap gid tri hop ly cua cac tham sé nham dam bao robot leo cau thang
Vi van téc 16n nhat ma khong bi lat.

3.1. Xay dung phwong trinh ddng lwe hoc xét téi qua trinh dong lwe hocdin téi
hién twong lat ctiia robot
3.1.1. Qua trinh déng lwc hocdan téi lat khi leo 1én ciu thang

Qua trinh leo 1én cau thang sé& xay ra hién tugng va cham mat xich phia trudc va
canh cau thang. Xung lrc va cham s& tao ra md men quay véi tm 1a diém A — diém
cubi mat dudi xich tiép dat. Goi ¢ 1a goc tao bai mat dudi xich va mat phang nam

ngang (mat dat). Néu goc @ > 90° thi s& hién tuong xe bi lat.
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Hinh 3.2: Phan tich qua trinh lat khi leo 1én
Dé thuan tién cho viéc xay dung mé hinh dong luc hoc, ching ta tach khéi tam

cua robot thanh hai hé toa d6 (hai déi twong) va sé& dung thuat ngi:
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- Xe robot (hé toa do suy rong 1): Bé chi xe robot khéng bao gdm cum Acquy
c6 khéi lwong mr (Kg), vi tri khéi tam tai diém M, vi tri nay khong doi;

- Cum ic quy di dong (hé toa do suy rong 2): Pé chi cum ac quy cd kha nang di
chuyén, c6 khéi luong mo (kg), vi tri khéi tam tai diém Q, vi tri nay thay ddi doc theo
mat phang song song véi mat day xich

- Ngoai ra cum xe robot: dé chi xe robot c6 bao gém cum Acquy c6 khéi lwong
tong 1a me (kg), vi tri khdi tAm nay thay d6i do diém Q thay doi.

- Goi dp 12 khoang cach nghiéng giira hai bac cau thang, khi d6 N - 1a s6 lan va

‘ ~ “. , , A A 3 A A 5 . A L
cham gitra mat xich phia truéc va canh cau thang bang phan nguyén cua ty so d—°,
b

tic la:

N = [2_2] (3.1)

a) Xét quéa trinh va cham tgi bdc thiz nhat
- Qua trinh va cham tai bac thi nhat duoc mé ta trén hinh 3.2 (A). Gia st va
cham gitra mat xich phia truéc va canh cau thang thir nhét tai diém C, khi do:
AC = (Lo + hy cot(y), hy) (3.2)
- Gia thiét rang trudc khi va cham, cum Acquy c6 cling van toc véi xe robot:
V=(,0) (3.4)
Theo dinh 1y dong lwong [2] thi bién thién dong lwong cua co hé trong va cham

bang tong xung luwong cac luc va cham ngoai, tuc 1a:
mcu_c) - mcv—g = Z §’;§ (35)

trong d6 me 12 toan bo khéi lwong co hé, uova v, 1a van tée khéi tam cua co hé sau
va trudc khi va cham.

|ucl

Véi hé sé phuc hdi van téc khi va cham 1a k, tic |aﬁ = k, va u, nguoc hudng
c

V6i v, dan dénu, = —k. .. Do vay—m, (1 + k)v; = Y. S¢, ma v, = V dan dén Véi

thoi gian va cham 1a 1o, S€ c¢6 dugc xung luc va cham la:
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N=ZS§=_mc(1+k).‘_/>=<_mc(1+k)V’O> (3.5)
To To To
v
_— "
hy
\ Duéng di chuyeén cum Acquy Ly
e Q AR
s = UL 2™ (1.A)
v v A
//A NaQ — Bl 277 2277727 ©
Law |
Lo
TY
| & T
: hy
| .
: s Lb
E ~~~~~~~~~
: (1.B)
! T A X

Q |9
T T G T T T T TG T G GTTETTTGEFTEET T

Hinh 3.3: M6 ta sw va cham ciia xe va bac cAu thang tai cac bac thir 1

- Pit Lamg = Xo la khoang cach tir diém M téi diém Q, gia tri bién ddi do su
dich chuyén vi tri cia &p quy.

- Xét t; 12 thoi diém va cham, thoi gian va cham 1a 1o thi hé phuong trinh dong
luc la
+)Khi xdy ra qua chgm (t; <t <ty + 1)

Trong khoang thoi gian nay (¢, < t < t; + 7,) xung luc N tai C tao 1én md
men quay M, véi tam quay tai A sé Ia;

7 i ok (3.6)

Lo+ hycot(y) hy O _mcA+k).hy o

m.(1+k
_mAAR, fo

P —

MANzﬁ/\ﬁz

To
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Ddng thoi cac md men do trong lugng xe robot va trong lugng cum Acquy
cling xuét hién:

—

Trong do:
AM = day. (cos(Nay + @), Sin(Nay + 9)); (38)
AM = d . (cos(Nam + @), sin(May + ©));
AM = dyy. (cos(am + @), Si(May + ©));
P = (0,—-mgg); § = (0,—mqg)

. . (h h
VoI Ny = arcsin (ﬁ) ' Nag = arctg( ¢ );

LAM+LMQ

he (3.9)

AQ =)= \/ L + x 2 + hZ

sin(Naq) (Lam ) Q

Dan dén:

Myy = —mpg.-dam-cos(Nay + @)k ; (3.10)

_— h e

My, = —ng.sin(iAQ) .cos(MNyo + @)k

Cha'y rang, Lam 12 gi tri cho trudc xac dinh tir thiét ké co khi cua robot, Itc
nay cum Acquy chua di chuyén nén khoang cach Lwo giir gia tri khong doi nao d6
(gia thiét trung vaoi diém M, nén tai thoi diém ban dau nay Lmg = 0).

Néu chon hudng duong goc ¢ — 1a goe dugc tao bai mat dudi xich xe robot
véi mat phang ngang - theo chiéu nguoc kim dong hé thi:

- Vi hé toa dé suy réng 1. Phuong trinh vi phan biéu dién su bién thién caa
goc ¢ trong thoi gian va cham to:

_m(1+ k). hy, (3.11)

Ja® T V —mgpg.day.cos(nay + @)
0
—mog.AQ.cos(Nao + @)
- m.(1+k).h, (3.12)
SPIES V —mgpg.dy.cos(Nay + @)

To

—ng.\/(LAM +x9)% + hj.cos(Naq + @)
véi diéu kién dau:
p0)=0;¢90)=0 (3.13)
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trong d6 Ja — |a md men quan tinh cua cum xe Robot d6i véi A
Ja = Jur + diy.mg + (AQ)%.m, (3.14)
S Ja =Jur + diy-me- (Lam + x9)? + h§).mg
V6i Lmg = Xo.
+) Khi két thuc xay ra va cham (t > t, + 7,), robot cé hién fweng lgt do sung luc
gay ra mé men quay thi
M& men M, ykhdng con nita, khi d6 phuong trinh vi phan biéu dién su bién
thién cua goc ¢ sau thoi gian 1o S€ 1a:
- Va1 hé toa dg suy rgng 1
Ja® = —mgpg.day-cos(Nay + @) —mog.AQ.cos(1n4q + ¢) (3.15)
S Jap = —mgpg.day-cos(Nay + @)

— ng.\/(LAM +x9)? + hi.cos(Naq + @)

VoI AQ = \/(LAM +x9)? + hj
véi diéu Kién dau:
®(0) = @705 ®(0) = ¢ (3.16)
®10, P-ola C4C gid tri c6 duoc tir (3.12), (3.13) Véi ¢ = 0. Chl y rang: néu tir
thoi diém 1o, cum Acquy bat dau di chuyén thi gia tri Lmo va Jathay doi theo t (do
goc Nag thay doi).
- Véi hé toa dé suy réng 2 (IGc nay bat dau hoat dong). Phuong trinh vi phéan biéu
din su bién thién cua vi tri &p quy so Vi vi tri trong tm xo dugc tinh nhu sau:
moXo = F —myg sing + myp?. AQ (3.17)
Trong d6: F = F(t) 1a dai dién luc sinh ra do dong co tac dong dé di chuyén &p quy

(luc nay da dugc quy ddi qua tuy sé chuyén caa hé chuyén dong ban truot-day dai).

Do AQ = \/ (Law + 2g)? + h3, thiy vao (3.17) ta co

3.18
moy¥, = F —mygsing + qu')Z.\/(LAM +x9)% + R} (3.18)
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Viy hé phwong trinh dong luc hoc cia hé théng gom hai hé toa d suy
rong 1 va hé toa dé suy rong 2 dwoc viét nhu sau:
Jap = —mp. g.dap-cos(am + @) (3.19)

—mq.g.\/(LAM +x9)2 + hj.cos(naq + @) + M,

mo¥ = F —myg sing + qu'JZ-\/(LAM +x0)* + h§

V61 Ma la m6 men do xung luc tac dong khi va tram gay ra co gia tri

1+ k).h 3.20
MA=mC( ) P Vkhit, <t <ty + 1, (3.20)
To

b) Xét qua trinh va cham tai bdc the hai tro di
Quié trinh va cham tai c&c bac tha 2 tré di duoc md ta trén hinh 3.4. Néu va
cham tai bac thi k thi ta ¢6 Hi = (k-1).Hp. Dé tinh xung lyc va cham ciing nhu toa do

diém va cham, ta can biéu dién su chuyén dong cua xe trudc khi va cham.

’
I
|
I
: 2.A)
|
I
|
' -
. STt
, s
|
: ' 2 iH‘ X
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Hinh 3.4: M6 ta su va cham ciia xe va bac cAu thang tai cic bac thir 2 tré di
- Xét t 1a thoi diém va tram, thoi gian va tram 13 to, Xe & trang thai nhu &
hinh 2.C, goc ¢ phi d6 c6 gia tri @o, thi hé phuong trinh dong luc la

+) Khi xdy ra qua cham (t, <t < t, + 1), V&i hé toa d6 suy rong 1
¢ = arcsin (%), dat Loy = /L3 — HZ => cos ¢ = L:;H (3.22)
0 0

Piém A di chuyén cling véi van toc V cia xe, gia sir tai thoi diém t xe va

cham véi bac cau thang (hinh 3.4)

Goi h = Hy + hp 14 cao d6 diém va cham C, dan dén:
(Lyy + Ly, —Lycosp —V.t)tan(@) + Lysing —h =0 (3.24)

Giai h¢ hai phuong trinh (3.23) va (3.24) tim duoc gié tri Tc va ¢c la thoi
diém t va gia tri goc ¢ luc bat dau va cham. Véi C 1a diém va cham, c6 duoc véc to
AC s8 1a;

AC = (Lyy + Ly, —V.T,; h) (3.25)

Dao ham hai vé (3.24), dan dén:

) ) Vtan(p,) (3.26)
= T.)=—(1+ tanz
@ = o(T¢) T —V.T) ( (o))
Gia sir cac diém M, Q ¢6 toa d6: M(Xm, Ym), Q(Xo, Yo), ta co:
Xy = day.cos(May + @), Y y = day.sin(Mam + @) (3.27)

Xo = dag-cos(Mag+ @) ; Y o= dyg.sin(ny +¢)
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Dan dén toa d6 trong tdm G caa cum Xe robot s& la:

X. = mrXpmt+moXq Y. = mgrYpy+mgYq (328)
¢~ me e mc
Pit
a= [deAM SIN(Nam + @c) + Modyg Sin(nye + ‘Pc)]- Pci (3.29)
b= [_deAM coS(Nam + @) — Modyg cos(Nyg + ro)]fpc
Khi d6 véc to van toc tai G & thoi diém va cham s& 1a:
po_ (e b (3.30)
Ve = (mc ! mc)
Ap dung (3.4) véi hé sé phuc hoi van téc khi va cham k c6 dugc xung luc va
cham N s& 12
- <€ — 31
N=25k=_mc(1+k).VG (3.31)
To To
Cé duoc
N = 4+ (a:b) (3.32)
To
Do d6, md men d6i véi diém A cua xung luc va cham sé 1a:
7 j Ok (3.33)
MAN:A_)CA]V: LAH+Lb_V'TC h 0
a(1+k) b(1+k) 0
To To
1+ k 5
0

Str dung (3.9) va (3.10) c¢6 duoc phuong trinh vi phan biéu dién sy bién thién
cua goc ¢ trong thoi gian va cham 1o:

Ja# =B Ly + Ly — V.T)b — ah] — mpg. day. cos(nam + (334

To

®)

—ng.\/(LAM + x9)* + hé.cos(nAQ + @)
Vi diéu kién dau:
(0) = ¢c;9(0) = ¢ (3.39)
va Ja duoc tinh theo (3.14).
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+) Khi két thac xdy ra va cham (t > t, + 7,), V6i hé toa d6 suy rong 1:

Robot c6 hién tuong lat do xung luc gay ra mé men quay, mdé men M, khéng con
nira, khi d6 phuwong trinh vi phan biéu dién su bién thién cua goc ¢ sau thoi gian o
s€ la:

Ja® = —mpg.day.cos(May + @) (3.36)

—ng.\/(LAM +x¢)? + h§.cos(Naq + @)
véi diéu Kién dau:
®(0) = @05 9(0) = @ (3.37)
®10, P-ola CaC gid tri c6 duoc tir (3.36), (3.37) Voi t =10. Chl ¥ rang: néu tir
thoi diém 1o, cum Acquy bat dau di chuyén thi gié tri Lavg va Ja thay ddi theo t (do
g6c naq thay doi).

Tur cac phuong trinh (3.17), (3.34), (3.36). H¢ phuong trinh dong luc hoc cua
hé thong trong trudng hop leo tir bac thir 2 gom hai hé toa d6 suy rong 1 va hé toa do
suy rong 2 duoc viét nhu sau:

JaP = —mgg. dapy-cos(Nay + @) (3.38)

—ng.\[(LAM + x9)* + hé.cos(nAQ + @)+ M,

MmoXo = F —mgygsing + mQ¢2.J(LAM +x0)? + h

V6i Na 1a mé men do xung luc tac dong khi va tram gay ra co gia tri:

To

MA = Okhlt > tz + To
Giai cac phuong trinh (3.38), (3.39) cho ta gia tri goc ¢ trong cac khoang thoi

[MA =8O g+ L, —V.T)b—ahlkhit, <t <t, +7, (3-39)

gian 1o va sau 0. Néu ¢ > 90° thi cum xe s& bi lat.
3.1.2. Qua trinh déng lwc hoc dén tdi Igt khi leo xuéng cau thang

Pé nghién ctru hién tuong xe bi lat trong qua trinh leo xudng cau thang, ta
xem xét c4c hién tuong s& xay ra cia xe robot trong qué trinh leo xudng nay.

Dau tién, xe chay véi van toc V trén mit phang ngang tién tgi mép bac dau
tién (tir trén xudng) cua cau thang, (Hinh 3.5-a). Goi diém tai mép bac cau thang dau
tién trén cuing cau thang 1a Xo, khoang cach ngang OXo 1a xo. Xe di chuyén dén khi
hinh chiéu G (G la trong tdm ctia cum xe) xudng mat phang ngang tring voi Xo thi
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bat dau xuat hien md men quay M(Xo) véi tam quay Xo, (Hinh 3.5-b). Lic nay, xich
xe van tiép tuc di chuyén cung vai xe quay quanh Xo, (Hinh 3.5-c) va géc ¢ (tao boi
mat dudi xich xe va mat phang ngang) sé ting dén khi ¢ = B (nhu ¢ hinh 3.5-d hoic
hinh 3.5-e). Llc nay c6 thé khoang cach xo < OA (Hinh 3.5-d) hoic xo = OA (Hinh
3.5-e). Ca hai truong hop ndy, mit dudi xich xe sé& tiép xdc voi mit bac thang, xe
khéng c6 hién tuong bay, (Hinh 3.9)

Néu khi X, = A ma goc ¢ < p (Hinh 3.f) thi xe chuyén dong ¢ dang bay
(Hinh 3.g). Ta s& tinh toan dé han ché toc do V cua xe dé khong co hién tuong xe
bay xay ra.
v - Mx0): v

Hinh 3.5: M6 ta qua trinh leo xudng ciu thang ciia cum xe robot tai cac thoi

diém va cac truong hop khac nhau
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a) Giai doan dau tién khi leo xuéng

- Xét h¢ toa dé suy réng 1 (goc nghiéng ¢). Goi Xo 1a diém trén mat xich dudi
tiép xdc vai mép bac cau thang trén ciing ma Xo 1a tim quay dau tién khi xe leo xuéng.
Khoang cach OXo la xo s€ duoc tinh theo cong thuc:

_ Lommpg+Logmy (340)
0=

me

Goi thoi diém t=0 khi xe tién dén vi tri Xo tring véi mép bac cau thang trén cung,
lGc nay bat dau xuat hién mot mé men quay véi thm quay 1a Xo, dong thoi cho cum
Acquy bt dau chuyén dong (Hinh 3.5-b)

Loo = Loo(t) (3.41)
Gia sir xe robot c6 khoi lugng riéng theo thiét dién ngang tai u (vudng goc vaoi mat
phing xich duéi ké tir diém O) 1a q(u) (kg/m). Tai thoi diém t mit xich dudi quay
dugc mot goc ¢ (Hinh 3.5-¢). M6 men quay khi d6 c6 gia tri:

My, (@) = (3.42)

L

+Vt
I e = X0 = Vq)du

0
—[LOQ (t) — (xo + V)]mQ

= g.cos @ {(xog + V). m¢ — Loymg — Log (£). mg}

(xo +V —w)qu)du — fx
g.cos @

véi V 13 van tdc cua xe robot

Phuong trinh dong luc hoc ctia cum Xe robot sé la:

Jio = 9.05 ¢ {(xo + V). (g +mg) = Lowme — Log(t).mg}  (3:43)

voi didu kién dau
»(0)=0;¢(0)=0 (3.44)
trong do:

Jx, = Jur + [hig + (xg +V = Loy)?]. mp (3.45)
+ [hé + (xo + Vt = Log (t))z] .My

Tt (3.40) tinh dugc Xo, SUy ra
t, = Loa=xo (3.46)

%4

la khoang thoi gian dé t6i diém tam quay cudi cung 1a A.
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Giai (3.43), (3.44) bang sb, tinh dwoc gia tri goc ¢ tai thoi diém t1 12 g1 = (11).
Tir d6 tim dwoc gia tri toi da cia V dé g1 = p.

Xét trudng hop V < Vmax, tai thoi diém ¢ = £ thi xe robot s& dugc md ta nhu
trong hinh 3.5-d hoic hinh 3.5-e. Dén day ta c6 két thuc giai doan 1 ctia qué trinh leo
xudng cau thang. Tai thoi diém nay, nho (3.43) va (3.44) ta tinh duoc tri ¢ va ¢ &
cubi giai doan 1, dugc ky hiéu 13 ¢c1 VA ¢,

b) Giai doan ther 2 khi leo xuéng

Nhu phan tich & phan trén, trong qua trinh dau tién khi leo xudng, xe vira di
chuyén vira quay quanh diém tiép xtc caa xe va mép bac thang trén cung (diém Xo),
khi goc @ = P 1a lac ca mat xich duéi tiép xic mat phang cac mép bac thang (Hinh
3.5-d, Hinh 3.5-¢), ltc nay do quan tinh quay nén cum xe robot tiép tuc quay véi tam
quay la diém B - diém dau xe (trén mat xich du6i) tiép xdc véi mat dat, déng thoi

trong lugng cua xe robot va Acquy ciing s€ tao ra mot mé men quay vai tam quay B.

Hinh 3.6: M ta xe Robot & giai doan 2 khi leo xudng ciu thang
- Xét hé toa d6 suy rong 1 (goc nghiéng ¢). Chl y rang, gia tri dau caa goc ¢ va ¢
cua giai doan 2 s& la gia tri cubi cua giai doan 1.
C6 duogc phuong trinh vi phan biéu dign chuyén dong quay cua cum xe

robot:
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Js$ = —g.mg.dpy cos(Npy + @) — g.Mq.dpg cos(Npg + @) (3.47)

V6i diéu kién dau
?(0) = c1;9(0) = oy (3.48)
trong do:
Jp = Jur + dgy.mg + dlz?Q'mQ (3.49)
Néu tai t = 0 cum acquy bét dau chuyén dong (ludn c6 hg = const) va tai t =
0 cho giatri dau: dpy = dy = Lgy (vi ban dau M va Q triing nhauy) thi goc ban
dau

NBo = Npo = arcsin (h—Q)
Lpm

(3.50)

Gia sir cum Acquy di chuyén trén duong thang song song mat xich duéi theo
quy luat Lmo = Xq = Xo(t) (Lmg la khoang cach gitra trong tdm M va ap quy Q), khi

do c6 duoc:

(3.51)

2 h
d =\/L + +h3 va = ' (—Q)z
BQ ( BM XQ) Q ‘I]BQ arcsin dq

, hq
arcsin
,(LBM+XQ)2+h6

Tir d6 phuong trinh vi phan biéu dién chuyén dong quay (c6 kha ning gy ra

hién tuong lat) la:

Jp® = —g.mg.dpy cos(npy + @) — (3.52)

2
g.mQ.\/(LBM + xQ) + hé.cos(nBQ + @)

Do vay, néu khng ché duoc van téc xe robot theo didu kién (V < Vmax) dé dam
bao khéng co hién tugng bay, thi hé phwong trinh dong luc hoc cua hé thong trong
truong hop di xudng déc anh huong téi hién twong lat cua robot duoc viét lai véi hé
toa d6 suy rong 2 duoc ké thira tir phuong trinh (3.17) (chuyén déng cua &c quy co

ban chat la nhuw nhau trong khi lén va khi xuong) nhu sau:
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Jep = —g.mg.dgy cos(Ney + @) (3.53)

2
—mQ.g.\/(LBM +x0)" + h3.cos(npq + @)

moxo =F —mygsing + qu')Z.\/(LBM +x0)? + h§
K&t luan: Vay hé phuong trinh dong luc hoc xét téi dong luc hocdan dén kha ning bi
lat cua robot duoc thé hién trén cac cong thuc (3.38) va cong thic (3.53) duoc viét lai
nhu sau
- Truong hop di 1én:

(Jap = —mrg.day-cos(Nay + @) (3.19)

|
4 —ng.\/(LAM + x9)% + hé.cos(nAQ + @)+ M,

|
|Me¥e = F —meg sing + mq¢2-J(LAM + %)% + hg

Vv6i Jaduoc thé hién trong (3.13) va Ma 1a md men do xung lc tac dong khi va tram
gay ra cé gia tri vai bac cau thang thir nhat 1a (3.20)
_m(1+Kk).hy (3.20)

M, - Vkhit, <t <t, + 1,
0

MA = Okhlt 2 tl + TO
va bac cau thang tht hai cho di 1a (3.39)

{MA =0 (0 + L, — V.T.)b — ahlkhit, < t < t, + 7, (3.39)

To

MA == Okhlt > tz + TO
- Trudng hop di xudng:
Jp® = —g.mg.dpgy cos(Npy + @) (3.53)

2
—mQ.g-\/(LBM +xy) + h§.cos(ngq + @)

MmoXo = F —mgyg sing + qu')z.\/(LBM +x9)? + hé

3.2. Xay dung b diéu khién PID mé diéu khién chuyén ddng hé ac quy chdng

hién twong l4t cho robot leo ciu thang
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a) Phan tich lwra chon bé diéu khién

Dé dam bao robot khong bi 14t khi xay ra va cham véi miii bac cau thang trong
qua trinh leo 1&n, 1 hién trong quén tinh xay ra nhanh dan tai 1at khi robot leo xubng va
dap (g kha ning ché tao thuc té, hé thong diéu khién vi tri ¢ quy can phai dam bao cac
yéu t6 sau:

- C6 phan tmg nhanh dé cho ra két qua diéu khién som;

- Bam béo do chinh xac can thiét;

- CO cau trac dam bao sy don gian dé c6 thé ap dung dé dang cho viéc lap trinh
trén vi diéu khién, PLC cong nghiép duoc trang bi trong robot chita chay.

Hién nay da c6 rat nhiéu b diéu khién da duoc nghién ciru nhu: Diéu khién PID,
diéu khién PID mo, diéu khién tdi uvu (LQR, LQG), didu khién thich nghi, diéu khién du
bao (MPC), diéu khién mang no-ron nhén tao. Tuy nhién, bo diéu khién PID md cé nhiing
vu diém sau:

- Kha ning xt Iy nhanh do yéu t6 don gian cua thuét toan PID md, dam bao dép tmg
vé thoi gian (d6 nhay phan tmg theo thoi gian thuc té) tot hon cac bo dicu khién khac;

- Po chinh x4c dam bao do két hop giira thuat toan PID va kha ning thich nghi
co ban cua diéu khién mo ma khdng can mé hinh toan hoc chinh xac cua déi twong nhu
diéu khién t6i wu hay diéu khién du bao. Piéu ndy ap dung phl hop cho robot vi qua
trinh va dap vai bac cau thang 1a qué trinh ngau nhién, mé men do xung lec gay ra phu
thudc nhiéu vao gdc nghién cau thang, van tc robot. .., viéc do xung luc dé lay tin hiéu
phan hoi diéu khién kho trién khai trong thuc té.

- Bo diéu khién PID mo ¢6 thuat toan don gian hon céac thudt toan diéu khién khac
(diéu khién tdi wu, diéu khién thich nghi, diéu khién du bao...). Do vy khong cé yéu
cau cao vé thiét bi phan ctiing hé diéu khién, duoc trién khai dé dang trén vi diéu khién,
PLC

Tur nhitng wu diém duoc phan tich ¢ trén, bo diéu khién PID mo dugc lya chon
dé nghién ctu tng dung cho diéu khién chuyén dong hé &c quy chéng hién tugng lat
robot khi leo cau thang.

b) Yéu céu diéu khién
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M6 hinh d6ng luc hoc caa hé thdng khi xét toi hién tuong lat duge xac dinh théng

qua hé phuong trinh (3.19) véi truong hop di 1én va (3.53) véi truong hop di xudng.

Trong hé phuong trinh nay, néu xét téi mdi lién hé gitra chuyén dong dbi trong (4c quy)

va goc nghiéng cua ap quy, hé phuong trinh nay s€ cé dang:
- Khi 1&n va va vao béc tha nhat (bac 1)

To

(M ~ \MA = 1eWHOM yrpit <t <t + 1,
=
MA = Okhlt 2 tl +T0

kF = moXy —myg sing + mQ¢2.J(LBM +x9)? + hf,
- Khi Ién va va vao bac thur 2 tro 1én
_ (+K)

( [MA =S 1L, + L, — V.T.)b — ahlkhit, < t < t, + 1,
MA = To
MA = Okhlt > tz + TO

r—_/\_

F =myk, —myg sing + mepz-\/(LBM +x0)? + g

- Khi di xudng
MA == 0

F=myXy —mygsing + mQ(pZ'\/(LBM +2x9)? + A

(3.54)

(3.55)

(3.56)

Khi ¢6 tac dong caa xung lyc thi md men sinh ra do xung lucM, # 0, khi khdng co

xung luc tac dong thi My = 0

C6 thé thdy hé thdng rat gon c6 2 bién trang thai véi dau vao 1a luc F day dbi

trong theo chiéu dich chuyén cua xe, M, duoc coi nhu nhiéu sinh ra do tiép xtc gitra

banh xich cua xe véi cau thang. C6 thé thay khi M, 16n, goc nghiéng s& 16n va néu

vuot ngudng cho phép (¢ > 90°) s€ gay ra hién tuong lat xe.M,chiu anh huong caa

2 yéu t6 la téc do dai cua xe V va tinh chat cia bé mat tiép xdc. Do hé truyén dong

toc do cua xe dugc thiét ké riéng biét (hé diéu khién chuyén déng riéng tai chiwong

2), dam bao xe leo 18n bac cau thang véi van tdc déu, nén trong muc nay gia thiét xe

dugc khong ché toe do V khong doi trong pham vi an toan cho phép. Do vay tin hiéu

diéu khién luc day F cua ddi trong (hé 4c quy) can duoc diéu khién theo hudng giam

thiéu tac dong cua thanh phan M, gay lat xe khi goc nghiéng vuot qua ngudng.
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3.2.1. Xdy dung bai todn diéu khién luc F

Truwong hop 1: Néu M, = 0

- Khi xe Ién cau thang, luc F dugc thiét ké dé dua ddi trong di chuyén doc phuong
chuyén dong cua xe tir vi tri hién tai t6i diém cudi hanh trinh phia miii xe.

- Khi xe di xudng cau thang, luc F duoc thiét ké véi chiéu ngugc voi phuong
chuyén dong cua xe, dwa ddi trong chuyén dong theo huéng dudi xe.

Trwong hop 2: NéuM, # 0, luc F can duoc nguoc chiéu dé giam tac dong cua
M,dé giam goc nghiéng, tranh lat xe.

- Khi géc nghiéng =0: luc F gitt ko d6i;

- Khi g6c nghiéng nho: luc F giit khong doi hoic tang nhe;

- Khi goc nghiéng vira: luc F tang nhe hoac tang vua;

- Khi goc nghiéng lon: luc F tang vira hoac tang 16n;

- Khi géc nghiéng rat 16n dan dén nguy co lat: luc F tang 16n hoic rat 16n.

C6 thé thay viéc diéu khién ¢ day lién quan dén viéc di chuyén ddi trong cua xe
trong khi dam bao goc nghiéng khong vuot qua ngudng cho phép. Rd rang, vai yéu
cau cua bai toan khong can thiét diéu khién chinh xac vi tri cling nhu gbc nghiéng
ctia xe ma chi can trong giGi han yéu cau, vay viéc sir dung cac bo diéu khién mo 1a
phuong an thich hop.

CAu truc bo diéu khién PID mo nhu sau (hinh 3.7):

*| BO CHINH
PINH MO -1

‘ v v &
. Goc
THIET BI nghiéng
CHINH DINH

v v

BDK PID

XGa

- y
xe mang doi trong >

»(% —y
Hinh 3.7: Ciu tric bd diéu khién PID mo
M6 hinh toan cua bo PID mo
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F(t) = Kye(t) + K, [ e(t) dt + K, dzf) (3.57)

Luat chinh dinh PID

$Tinhigura
Ci
dat /\dl N
| b
az
a thin glan

Hinh 3.8: Tin hi¢u ra b diéu khién PID mé&
Nguyén tic chinh dinh céc théng sé nhu sau:
- Tai lan can al, can tang luc day dé rGt ngan thoi gian dwa di trong chuyén dong
vé vi tri dich néu goc nghiéng khong vuot ngudng. Do vay Kp, K1 tang, KD giam.
- Tai lan can bl-c1-d1, dé tranh qua diéu chinh, can giam Kp/KI va ting KD.
- Tai lan can a2-b2, KP giam, KD va KI tang
3.2.2. Xdy dung bé diéu khién PID mo
1) Céc bién vao/ra:
- C6 2 tin hiéu dau vao gom: sai sé vi tri trong tm, géc nghiéng cua xe;
- C6 3 tin hiéu ra: KP, KD, Kl
2) Xac dinh bién ngdn ngi:
- Sai s6 vi tri ddi trong: {&m I6n, am nho, bang khong, duong nho, dwong 16n}
ET={N3, N2, N1,ZE,P1,P2,P3}
- Goc nghiéng: {khong nghiéng, nghiéng nho, nghiéng vira, nghiéng 16n, nghiéng
rat I6n}
1G={L1,L2,L3,L4,L5}
Ciac dau ra:
- Hé s6 ty & KP:{ bang khdng, nho, vira, 16n, rat16n }= {Z, S, M, L, U}
- Hé s vi phan KD:{ bang khong, nho, vira, 16n, rat l6n}= {Z, S, M, L, U}
- Hé sb tich phan K;: {bang khdng, nho, vira, I6n, rat lon}={Z, S, M, L, U}

3) X4c dinh tdp mo cho cac bién vao/ra
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- Xac dinh mién gié tri cua cac bién ET
oM

N3 N2 Nl ZE P1 P2 P3

-12 -8 4

Hinh 3.9: Mién gia tri cia ET
- X4c dinh mién gia tri ciia goc nghiéng

‘i
i IR A5 I8 15

30 40 50 60 70 80 oo

Hinh 3.10: Mién gia tri ciia goc nghiéng
4) Xay dwng luat hep thanh va thiét bi hep thanh
Luét hop thanh dwogc xdy dung thé hién trén bang sau:

Bang 3.1: Bang luat hgp thanh

Kp Goc nghiéng IG
L1 L2 L3 L4 L5
Er N3 L L U U U
N2 M M L L L
N1 S S M M M
ZE Z Z Z S S
P1 S S M L L
P2 M M L L L
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P3 M L U U U
KD GOc nghiéng
L1 L2 L3 L4 L5
ET N3 S S M L L
N2 M M L L L
N1 L L U U U
ZE VA z z S S
P1 L L U U U
P2 M M L L L
P3 S S M U U
Ki GOc nghiéng
L1 L2 L3 L4 L5
Er N3 L L U U U
N2 M M L L L
N1 S S M M M
ZE Z Z Z S S
P1 S S M L L
P2 M M L L L
P3 M L U U U

5) Giai mo va téi wu

Luén an chon luat hop thanh theo quy tic Min-Max, va giai mo theo phuong
phap trong tam két qua bo diéu khién duoc thé hién tai muc khao sat dudi day.
3.3. Khao sat dong luc hoc ciia mo hinh din dén kha niing c6 hién twong It caa
robot

Muc dich cua viéc khao sat dong hrc hocmd hinh 1a dé tim méi lién hé cua céc
thong s6 van téc (V), goc nghién cau thang (y) dén su lat caa robot khi leo 18n va leo
xudng cau thang, dé tir d6 tim ra duoc c&c gia tri hop 1y cua gia toc di chuyén cua khoi

ap quy (¥, = a,) v6i quang dudng di chuyen tir vi tri khoi tim M dén cudi cac hanh
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trinh dé chong lai sw 1at. Cac gia tri ¥, twong (mg voi cac gia tri V va y s& 1a dai lugng
dau vao dé tién hanh diéu khién di chuyén cua &p quy trong phan tiép theo.

Pé khao sat dong luc hocdan téi kha ning 14t cia robot, luan an st dung cac yéu
t6 sau:

- Sir dung hé phuong trinh dong luc hoccua robot dwoc xay dung tai muc 3.1 dé
tinh toan khao sét;

- Str dung phan mém Matlab ing dung giai bai toan va vé d6 thi;

- Bo diéu khién truyén dong cho banh xich duoc xay dung tai chuwong 2 dap tng
diéu kién tao ra van toc V khong ddi cho robot di chuyén;

- Bo diéu khién ddi trong sir dung luat diéu khién PID mo duoc xay dung tai
chwong 3 tao ra céc gia toc cuia khéi tm (ag) theo cac yéu cau trong khi khao sét.

-Céc thdng s6 tinh toan (tir cdu tao co khi cuia robot duroc thiét ké) dé phan tich
su lat cua robot duoc trinh bay trén bang 3.2

Bang 3.2: Cac thong s6 tinh toan dé phan tich sy 14t d cia robot

Ky B Ky y . g Céc thdng so thay
_ Gia tri _ Gia tri Ky hiéu | Giatri .
hiéu hi¢u doi
Ky g
dam 0.35[m] hy 0.1[m] Ly 0.4 [m] _ Gia tri
hiéu
Jue | 30[kgm? | Rho | 008[m] | L, | o8[m | v | 04
[m/s]
0.1+1.2
k 1 L, | 0.37[m] T, | 0.005[s] | ag
[m/s? ]
g |981[m/s?] | Loy 1[m] mg 30 [ka] B 300+ 450
h, 0.15 [m] L 1.2 [m] Mg 120 [kg] % 40° + 46°

Tir c4c gia tri thong sb cho trén bang 3.2, tinh duoc sb bac thang s& xay ra va

cham khi robot leo 1én: N = [2—"] = 2, do vay ¢ day ta s& khao sat cac thdng sé anh
b

hudng dén su lat cua robot khi leo 18n cau thang & bac thir nhat va thir 2.
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Cho cac thong sb: B = 30°, y = 45°, ag= 0.1 (m/s?), khao sat phuong trinh dau
(trong tng hé toa do suy rong 1, goc @) cua hé phuong trinh (3.19) véi cac gia tri van
téc V thay doi tir 2 — 6 (M/s) va cac gia tri V thay doi tir 2 — 2.9 (m/s), nhan duoc cac biéu
d6 biéu dién su bién thién cua goc ¢ trong qua trinh robot leo I&n bac thi nhat (Hinh
3.10) va bac tht 2 (Hinh 3.11). Tir két qua cho thay khi téc d6 V tiang 1én thi xung luong
va cham cang I6n, s& dan dén kha ning robot bi lat: véi V = 6 (m/s) khi leo & bac thir
nhat va V= 2.9 (m/s) khi leo & bac thtr 2 thi gbc ¢ cb gia tri vuot qua 900, dan dén hién
tugng robot bi lat.

D thi trén hinh 3.12 biéu dién sy bién thién cua goc ¢ wng véi gia tri cac gac leo
v (gbc nghiéng mit trudc cua robot) khac nhau. Géc nghiéng y anh hudng truc tiép dén
toa do diém va cham, nén y cang 16n thi goc ¢ c6 gia tri cang Ion khi bat dau va cham va
cang d& dan dén hién tuong robot bi lat. Két qua khao sét cho thay: véi d6 dbc cau thang
B = 30°, van téc robot V = 2.8 (m/s), gia téc di chuyén cum acquy ao = 0.1 (m/s?) thi
robot khong bi lat véi cac goc y < 45° va bi lat néu y > 45° (Hinh 3.12).

Trong qué trinh xuéng cau thang, goc nghiéng phia trude y khong anh hudng dén
hién tuong 14t caa robot. Tinh dwoc khi van téc robot V < 0.85 (mv/s) thi robot khdng xay
ra hién tugng bay.

Xét véi d6 nghiéng cau thang p = 30°, gia toc di chuyén cua cum acquy ag = 0.1
(m/s?) va véi van toe V thay ddi tir 0.25 — 0.45 (m/s). Két qua tinh todn vé sy bién thién
ctia goc @ Ung Vai gia tri van tée V khac nhau duoc thé hién trén d6 thi hinh 3.13. Ciing
twong ty nhu trudng hop leo 1én, gia tri V cang I6n thi cang dé dan dén hién twong lat
robot khi xudng cau thang. O hinh 3.13 cho thay, véi V = 0.45 (m/s) thi goc ¢ s& dén llc

vuot qué 90°, robot bi lat.
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120 T T T T T T T
Quan hé goc ¢ —t trong qua trinh leo cau thang bac thie nhat

voi cac toc do Robot khac nhau.
100 1-V=2 (m's) B =30° y=45°, :=01('ms:l/
2-V=22(m's) A s q4n
3-V=25 (s — Robot khong bi lat
4-V=27 (ms) = Robot bilat 6
80 I 5.V=28(ms) 7
6-V=29(m"s)

60

DG lén goc Q- (d6)

40

20

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Théi gian - (s)

Hinh 3.10: Két qua khio sat goc nghiéng robot ¢ trong qua trinh leo cau thang

Ién bac thir nhit véi cac tée dd khac nhau

120 T T T T T T ~ T T T
Quan hé goc ¢ —t trong qua trinh leo cau thang bac the
hai v&i cac toc do Robot khac nhau
100 1-V=2 (m's) B=30° y=45% ag=0.1(m's?) .
2-V=22 S g
3.Vm2s 2: :; 2 —— Robot khéng bi lat
4-V=27(m's) 6 =~ Robot bi lat
80 5-V=28(m4s) 4
6-V=289(ms)

D% lén goc - (49)
2

»
(=]

0 0.2 0.4 0.6 0.8 1 G [ 14 1.6 1.8 2
Thoi gian - (s)

Hinh 3.11: Két qua khao sat goc nghiéng robot ¢ trong qué trinh leo ciu thang

1én béc thir hai véi cac toe dd khac nhau
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120'

Quan hé goc o —t trong qua trinh leo cau thang
bac thir hai v&i cac goc mat truede y khac nhau.

100°} - B=30° a0=0.1(m/s),V =28(ms)
2-y=41°
| 3 -y=42"
4.y=43
5 .y= 44°
o] 6-y=45°
7-y=46"

&

8’:

Do lon goc Q- (d9)
3

— Robot khéng bi lat
= Robot bi lat

A A A A A A

0!' A A A
0 0.2 0.4 06 08 1 1.2 1.4 16 1.8 2

Thai gian - (s)

Hinh 3.12: Két qua khao séat goc nghiéng robot ¢ trong qua trinh leo I&n cau

thang bac thw hai véi cac goc leo y (géc mat truwée ciia robot) khac nhau

15¢° v T T T
Quan hé gbc @ — t trong qua trinh di xuodng cau
thang vdi cac toc 4o khac nhau

B=30°ag=0.1 (m's?
1-V=025(ms)

2-V=03 (m's) = 3

100k 3-V=035(ms  —— Robotkhongbilat _

4-V=04 (ms) == Robot bi lat 76

5-V=042(m's)

6-V=045(ms)

D Ién goc Q- (do)

30°F |
L e
25° Y
&7 Robot ¢ giai doan dau khi xuéng cau thang
o a®" | : R ;
0 0.5 1 1.5 2 2.5

Thaoi gian - (s)
Hinh 3.13: Két qua khao sat goc nghiéng robot ¢ trong qué trinh leo xudng ciu

thang & cac toc dd khac nhau
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Khao sat véi cac thdng sb ché tao robot nhu cho trén bang 3.2 va cac do déc
cau thang tir 30° dén 45°. Trén bang 3.3 ghi cac gia tri gidi han van t6¢ Vimax @ng vVéi
c4c tri cua gia tbc cum acquy ag va ting do déc cau thang S dé ¢am bao robot khong
bi 14t khi xudng cau thang. Tir két qua ghi trén bang 3.3 cho thay: d6 dbc cau thang 8
cang Ién thi cang can giam van téc V dé robot khong bi lat, diéu nay ciing phi hop
Vi thuc té.

Khi ting gia trj gia téc ag thi kha ning robot bj l1at s& giam di. Ching han nhu
véi f=30°, y = 45° V = 6 (m/s) khi leo & bac tha nhat, néu khi sau va cham, cum
acquy di chuyén véi gia téc ag = 0.1 (m/s?) thi robot bj 1at, nhung néu ag > 0.8 (m/s?)
thi robot khong bi lat (hinh 3.14). Tuong tu nhu vay, véi f=30° y = 46°, V =28
(m/s), robot khdng bi 14t néu aq > 0.4 (m/s?) khi leo 1én & bac tht 2 (Hinh 3.15); hoic
la véi g = 30° V = 0.45 (m/s), robot khdng bi lat néu ag > 0.3 (m/s?) khi leo xudng
(hinh 3.16). Viéc tang gia tri gia toc ag 1én s& 1am ting nhanh do 16n cua md men
quay do trong luc cua cum xe robot, do vay kha nang robot bi lat s€ giam di.

Nhu vay c6 thé thay rang, ngoai cac yéu t vé do doc cau thang S, goc nghiéng
mat trude robot y va van te di chuyén caa robot V, thi gid tri cua gia toc chuyén dong
cum acquy ag ciing anh hudng dang ké dén sy lat nguoc cua robot khi leo 1én hoic

xudng cau thang.
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120 —T T ‘ : x
1-aQ=0.1 (m/s?)
B=30°_Y=45° V=6 (mbs) 2-aQ=0.5 (m/s?)
100 ’ 3-aQ=0.8 (m/s?) -
4-aQ=1.0(m/s?)
5-aQ=1.2 (m/s?)
80 -

Quan hé goc o —t trong qua trinh
robot leo bac thir nhat véi cac gia toc
di chuyén khac nhau cua cum ac-quy
—— Robot khéng bi lat

= Robot bi Iat

D5 lén goc ©- (40)
8 3

20

h

1 1 1 . i

0 0.5 1 1.5 2 25 3
Thoi gian - (s)

Hinh 3.14: Két qua khao sat goc nghiéng robot ¢ trong quéa trinh leo ciu thang

1én béc thir nhit véi cac gia toc di chuyén ag khac nhau ciaa ap quy
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70 I 5-aQ=0.6 (m/s?) |

D6 16n goc @- (o)
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Quan hé gdc ¢ —t trong qua trinh
robot leo béc thir 2 véi cdc gia toc di
chuyén khac nhau cua cum 4c-quy.

=30%_ Y = 46°.V = 2.8 (m's)
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20

0 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5

Thei gian - (s)
Hinh 3.15: Két qua khao sat goc nghiéng robot ¢ trong qué trinh leo ciu thang

1én béc thi hai véi cac gia téc di chuyén ag khac nhau ciia ap quy
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120 T T T : :
Quan hé goc o —t trong qua trinh robot /
di xudng cau thang véi cac gia toc di 1 /
100 e g LA . . > / -
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: . ’
B=30° V=045 (m's) /// ///‘
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® 60 F -
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F AT Robot trong giai doan dau khi leo xudng
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Thoi gian - (s)
Hinh 3.16: Két qua khao sat goc nghiéng robot ¢ trong qué trinh leo xudng ciu
thang véi cac gia toc di chuyén ag khac nhau cia ap quy
Ké qua khao sat v&i cac thdng sé ché tao robot nhu cho trén Bang 3.2 va céc
d6 dbc cau thang tir 30° dén 45°. Trén bang 3.3 ghi cac gia tri gigi han van to¢ Vimax
g VGi CAc tri cua gia tdc cum acquy ag va tirng d6 doc cau thang S dé dam bao robot
khong bi l1at khi xudng cau thang. Tir két qua ghi trén bang 3.3 cho thay: o déc cau
thang # cang 16n thi cang can giam van téc V dé robot khong bi lat, diéu nay ciing

phU hop Véi thuc té.
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Bang 3.3: Mt s gi6i han van toc robot twong tng khi xudng ciu thang véi cac

tri gia toc cum acquy va do doc cau thang

(* Vmax la gia trj 16n nhdt cia védn téc chuyén déng déu robot V)

(*ao la gia téc cua cum &p quy, ag = Xg trong hé phuong trinh dao dong)

P doc cau thang (B)

30° 320 34° 36° 38° 40° 42° 450
ag Vmax | Vmax Vmax Vmax Vmax Vmax Vmax Vmax
(m/s?) | (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
0.1 0.42 0.3 0.25 0.2 0.15 0.1 0.1 0.05
0.2 0.43 0.3 0.25 0.2 0.15 0.1 0.1 0.05
0.3 0.45 0.35 0.25 0.2 0.15 0.1 0.1 0.05

0.4 0.45 0.35 0.25 0.2 0.15 0.15 0.1 0.1

0.5 0.45 0.35 0.25 0.2 0.15 0.15 0.1 0.1

Nhan xét: Trong qua trinh leo 1én cau thang, néu goc nghiéng phia trudc cua
xe robot cang 16n thi kha ning bj 14t nguoc cua robot cang 16n. Vi goc nghiéng ciu
thang trong cac nha tang duoc quy chuan khi xay dung phai nam trong khoang tir 30°-
45° (Theo quy dinh vé xdy dung trong quy chudn QCVN 06:2022/BXD vé phong
chong chay né cho céng trinh xdy dung), do vy goc nghiéng phia trudc cua robot
nén dugc ché tao véi gia triy = 45°1a tdt nhat vi dam béao g6c tiép xtc voi tt ca cac
cau thang trong thuc té. Luén an ciing dd dua ra dugc cac gid tri toi thiéu ma gia toc
cum acquy can dat dugc (twong tmg v&i gia tri van toc robot, goc nghiéng cau thang,
goc nghiéng phia trudce robot) @& Robot khong bi 14t trong qua trinh 1én xubng cau
thang (cac gia tri nay duoc thé hién trén cdc do thi va bang 3.3 duoc trinh bay o trén)
Két luan chuong 3

Tur két qua da trinh bay trong chuong 3 & trén, luan an rit ra mot s6 két luan sau:

1. Pa xay dung dwoc md hinh, thiét 1ap duogc phuong trinh dong luc hoc xét
to1 hién tuong 1at cta robot;

2. Thiét 1ap duoc mdi quan hé giita cac dai luong goc nghiéng ¢ 1a ham cua

gia téc ddi trong ao. K&t qua nay tao thuan loi dé thiét 1ap thuat toan diéu khién PID
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mo béo sinh ra luc F dé di chuyén dbi trong tur vi tri ban dau t6i cudi hanh trinh véi
gia tde agp = Xg dé chéng lai hién tuong lat;

3. Dua trén phuong trinh dong luc hoc va b diéu khién dbi trong, luan an tién
hanh khdo sat hién tuong lat (tng dung phén mém Matlab trong tinh toan va mo
phong), tir d6 rut ra dugc cap gia tri V va a, = X, tuong itng vai cac gidc tri goc bac
cau thang c6 goc nghiéng khac nhau (#ir 30 dén 45 dd, twong ieng véi goc nghién ciia
bdc cau thang dwge sie dung trong xdy dwng cong trinh tai Viét Nam hién nay theo
quy chudn QCVN 06:2022/BXD)

4. Luan an da xac dinh dugc gia tri van tdc ctia robot khi leo 1én va leo xuéng
cau thang ng voi do doc clia cau thang va gia toc thay ddi trong tam ddi trong ag.
Két qua nghién ctru tai chuwong nay 13 tai liéu tham khao cho viéc nghién ctru ché tao
c4c robot chita chay dang banh xich leo cau thang, tir két qua ndy ¢ thé gitp cac nha
nghién ctru t6i wu duoc kich thudc cua robot chita chay ma van dam bao kha ning
robot khong bi 14t khi di chuyén tiép can dam chay vé6i van tde 16n nhat Vimax, khi str

dung phuong phap diéu khién trong tam chdng lai kha ning 14t.
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CHUONG 4
THUC NGHIEM KIEM CHUNG MO HINH LY THUYET

4.1. Muc tiéu va nhiém vu thwc nghiém kiém chieng mé hinh ly thuyét

T két qua nghién ciru thuce nghiém dé so sanh két qua tinh toan theo mé hinh ly
thuyét, tir d6 s& danh gia duoc do tin cay cia md hinh tinh toan ly thuyét da xay dung.
Xuat phét tir cac ly do trén luan &n tién hanh nghién ciu thuc nghiém véi muc tiéu va
nhiém vu sau:
4.1.1. Muc tiéu nghién cau thuc nghigm

Xac dinh duoc goc lat ¢ cua robot khi leo 18n, leo xudng cau thang (goc nghiéng

cua robot) véi cac van téc khac nhau va gia tc ag khac nhau, tir két qua thuc nghiém
so sanh véi goc 14t tinh theo 1y thuyét dé danh gia do tin cdy ctia md hinh 1y thuyét
luan &n da xay dyng.
4.1.2. Nhigm vu nghién cizu thec nghiém

Dé dat dwoc muc tiéu trén, nhiém vu cua nghién ctu thuc nghiém nhu sau:

- X4ac dinh kha ning leo cau thang véi hé thong truyén dong duoc trang bi dua
trén mo hinh dong luc hoc qué trinh leo cau thang cua robot (chwong 2);

- Xac dinh goc 14t cua robot khi di chuyén c6 va cham dan dén hién twong lat

- Kiém dinh lai kha ning chéng lat véi su diéu khién chuyén dong khdi tm voi
cac truong hop gia toc khac nhau.

Két qua thuc nghiém duoc so sénh véi két qua cé duoc tir mo hinh ly thuyét dé
dua ra nhan xét vé tinh chinh xac ciia mé hinh Iy thuyét.
4.1.3. Péi twong nghién cizu theee nghigm

Dbi twong nghién ciu thuc nghiém 1a mét md hinh robot chira chay cong trinh
c6ng nghiép co tinh ning leo cau thang, day 1a robot dugc ché tao doi dau trong qua trinh
thyuc hién dé tai cip nha nude “Nghién ciru cong nghé, thiét ké va ché tao thiz nghigm
robot chiza chay cho cong trinh céng nghiép”, ma s6 PTPL.CN-98/21. Dia diém tién
hanh thyuc nghiém tai Cong ty c6 phan thiét bi chuyén ding Viét Nam va tai trudng cao

dang cdng nghé Béach khoa Ha Nai.
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4.2. Chen tham sé thay doi diéu khién va thong sé danh gia
4.2.1. Chen tham sé thay doi diéu khién
Pé twong thich véi mé hinh tinh toan ly thuyét, luan an chon tham sé thay doi va
diéu khién trong qué trinh thuc nghiém nhu sau:
- Do ddc cau thang thanh doi tir 30 do dén 35 4o
- Van téc caa robot di 18n xudng cau thang
- Gia toc thay ddi trong tdm cua ddi trong
Céc thong s6 khac cua robot duoc thuc nghiém lay theo bang 3.2
4.2.2. Chen thong sé ddanh gid
Muc tiéu ciia nghién ciru 1a robot tiép can ddm chay nhanh nhat nhung khong
bi lat, do vay thong sé danh gia 1a goc 14t caa robot. Bé danh gia kha nang bi lat cua
robot, luan &n dyua vao chi tiéu goc nghiéng cua robot (goc ¢). Do vay, luan an lua
chon théng s6 danh gia dau ra cua thuc nghiém Ia goc lat ¢
4.3. Phuong phap xac dinh cac dai hwong nghién ciru va thiét bi do
Viéc bd tri thi nghiém xac dinh céc dai luong nghién ctru duoc tién hanh trén
d6i twong nghién ciru thuc nghiém tai hién truong, 4p dung phuong phap do cac dai
luong khong dién bang dién thdng qua mot sé loai cam bién do tiéu chuin caa Cong
hoa Lién bang Ptrc nhu cac cam bién do gia toc. Két qua thi nghiém duoc ghi lai dudi
dang ma ASCII va dugc két ndi voi may tinh diéu khién bang cac phan mém Catman,

Excel va xir ly bang phan mém Dasylab....

B nhd

X Chuyén d6i khong Xe | Chuyén doi Y Chuyén Chi thi

dién bang dién dién - dién | doi A/D

May tinh

Hinh 4.1: So' dd cAu tric dang khdi ciia thiét bj thi nghiém
Dai luong X 1a dai luong do khong dién qua chuyén dbi so cap duoc két qua,

qua bién d6i dién - dién cho dai luong dau ra Y dudi dang dién ap, sau d6 qua bo
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chuyén dbi twong tu s6 A/D (Analog Digital Converter) dua vao bo chi thi, dua ra bo
nhé ghi & dang ma ASCII va hién thi trén man hinh.

4.3.1. Phwong phdp diéu chinh dg déc cau thang va phwong phdp xdc dinh géc
nghién cdu thang

Dé cd thé thuc nghiém robot leo 1én cau thang véi cac goc nghiéng khac nhau,
luan an di tién hanh ché tao 01 cau thang thir nghiém, cau thang nay c6 kha ning thay
ddi duoc do dbc cau thang thong qua cac khép (hinh 4.2). Bong thoi luan an tién hanh
thuc nghiém tai, cau thang tai truong Cao dang Cong nghé Bach Khoa-Thanh Tri —
Ha noi.

Pé xac dinh dwoc goc nghiéng cau thang, luan &n sir dung viéc do tha cong
thong qua thudc goc dién tir. Viéc ding do thii cong véi ly do do déc cau thang 1a cd
dinh so véi ting truong hop cau thang thyc té, va timg luot thir nghiém dbi véi cau
thang thi nghiém. Thudc do goc thu cong dwoc thé hién trén hinh 4.3, thudc goc nay

duoc hién goc thong qua ddng hd s hién thi trén thudc goc.

Céc
khép dé
c6 thé
thay d6i
goc
nghiéng
Cé\lll
thang

Hinh 4.2: Ciu thang thwce nghiém véi cac khép dwoe ché tao
dé thay d6i géc nghiéng
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Hinh 4.3: Thuéc do goc dién tir dwoc siv dung dé do dd doc cAu thang

4.3.2. Phwong phdp xdc dinh vdn téc va gia téc di chuyén

Hinh 4.4: Encoder phat xung dé do vén téc va gia tdc goc
Dé do van tdc, gia toc cua robot va dc quy, dé tai sir dung encoder phat xung
(hinh 4.4), cu thé nhu sau:
- Bé do van téc dai robot, encoder dugc gan tryc tiép tai dong truc véi banh sao
(banh chuyén dong vao mat xich) tir viéc do van tdc goc truc banh sao cd thé quy doi
ra van téc dai cua banh xe robot, tir @6 do van toc dai caa robot (khi robot khdng bi

truot).
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- DBé do gia toc dc quy, encoder ciing duwgc gian vao truc quay cua puly, tir d6 co
thé quy d6i ra duoc gia téc chuyén dong cua ac quy doc theo tryc chuyén dong.
4.3.3. Phwong phdp xdc dinh goc nghiéng cuia robot

Dé do goc nghiéng cua robot ¢ trong qué trinh leo cau thang luan &n sir dung
cam bién do goc xoay c6 cau tao dugc thé hién trén hinh 4.5. Cau tao cam bién gém
cd con lic c6 trong luong P, duoc gin 1én truc xoay tu do, dau truc xoay duoc gan
vé6i encoder phét xung. Cam bién do goc xoay duoc gan trén nap xe robot tai diém c6
mat phang nam ngang song song mat dat. Khi robot leo cau thang tao nén géc nghiéng
@, do luc trong trudng nén tryc cia cam bién sé bi xoay mot goc ¢ tuong tng, khi dé
truc encoder s& phat ra cac xung véi sé luong xung twong tng véi goc nghiéng ¢.
Théng qua tin hiéu chuyén vé bo thu thap va xir Iy, may tinh s& nhan duoc gia tri goc

¢ can do.

Truc quay tu do

‘%—\ Encoder phét xung

do goc quay

— gy

Con l4c co
trong lugng P

¢) Cam bién gin trém nip xe robot tai diém co6
mat phang nam ngang

Hinh 4.5: Ciu tao va phwong phap gin cam bién do géc nghiéng trén robot
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4.3.4. Thiét b khuéch dai va chuyén doi AID

Hinh 4.6: Thiét bi DMC Plus
Luan an sir dung bo khuéch dai tin hiéu DMC-Plus cua Cong hoa Lién bang Durc.
Thiét bi nay 1a bo thu thap va khuéch dai thong tin do luong két ndi véi may tinh nhu
hinh 4.3 diéu khién bang phan mém Catmant. Thiét bi nay thay thé cho bo khuéch dai K
va bo chuyén doi A/D (Analog/Digital) trong so d6 nguyén ly cta phuong phap thi
nghiém. Thiét bi DMC Plus c6 cac modul dugc ché tao theo cac kénh:

- Modul DVO01: La modul khuéch dai kiéu dong mét chiéu DC, dung dé do nhiét
d6, ndi vai cap nhiét, cac dong mot chidu. Modul nay cé thé do duoc ngudn dién ap
véi dai do rat rong £0,1(V) ; +1 (V); £10 (V); £200 (V), dai tan 2,2 (kHz);

- Modul DV10: Kiéu khuéch dai dong mot chiéu DC, dé ndi cac cau du va ban
cau dién tro, c6 thé do dién thé, nguon dién ap DC, dai tan 4,4 (Hz);

- Modul DV30: Kiéu khuéch dai la tan s6 600 (Hz), dung dé do cac cau du va
ban cau dién tré, do dién thé, ngudn dién ap DC, dai tan 250 (Hz);

- Modul DV35: Kiéu khuéch dai la tan s6, thich hop dé do dién tro, ngudn dién
a4p DC, dai tan 250 (Hz);

- Modul DV55: Kiéu khuéch dai 1a tan sb, khoang khuéch dai 1a 4,8 (kHz), rat
thong dung. Dung dé ndi véi cac cau du va ban cau dién tra, do dién ap cac nguon ap
DC, dai tan 2,2 (kHz);

- Modul DZ65: Duing cho viéc ndi cac cam bién do mod men va toc d, cong Suat.
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4.4. To chic tién hanh thi nghiém
4.4.1. Té chirc thi nghiém
a) Ldp dat thiét bj thi nghigm: Dé tai tién hanh thi nghiém nhu sau:

- Lap cam bién do goc nghiéng robot 1&n néc robot, dam bao cam bién nam trén mat
phang ngang khi robot ¢ trén mat dat;

- Lap encoder vao banh sao (banh truyén dong cho xich) dé do van tc cua robot;

- Lap encoder vao truc quay cta hé puly-day dai chuyén dong cho cum dc quy dé do gia
téc ac quy (trén hanh trinh cia hé pyly-day dai di c¢6 nhing cam bién vi tri va khép chén co
khi dé dam bao cum dc quy chuyén dong trong gisi han phia trén, gisi han phia duéi). Viéc
diéu khién chuyén dong nay dugc diéu khién bai bo diéu khién voi luat PID mo duoc thiét ké
tai chuong 3);

- V6i cau thang thi nghiém

+ V/6i cau thang dugc ché tao riéng cho qua trinh thi nghiém (hinh 4.2), phia dau cau
thang duoc lién két boi cac bu 16ng qua céc khdp, mdi khap s tuong tng voi mot goc nghiéng
nhat dinh theo yéu cau cia thi nghiém;

+ Ngoai ra, luan an con tién hanh thi nghiém véi cac cau thang duoc xay dung thuc té
tai trudng Cao dang cdng nghé Béac khoa. Cac cau thang nay c6 goc nghiéng la c¢b dinh, do
vay chi khao sat dugc su anh huong cia dong luc hoc dan téi hién tuong lat khi van téc robot
thay ddi (van tdc nay duoc dit, va bo diéu khién dugc thiét ké tai chuong 2 dam bao robot 6n
dinh van toc nay trong qua trinh leo cau thang), ciing véi d6 1a khao sat dugc anh huong cua
chuyén dong khéi ic quy chdng lai kha nang 14t cia robot.

b) Cac tham sé thay déi trong qua trinh thi nghiém

T su bé tri thi nghiém ¢ trén, mot sé thong sé co thé duoc thay dbi khi 1am thi nghiém
gom ¢

- Do dbc cau cua cau thang B thay doi trong cac trwrong hop khac nhau (5= 30°-45° theo
quy chudn QCVN 06:2022/BXD vé phong chéng chdy né cho cong trinh xdy dwng) thong
qua viéc diéu chinh cac 15 khép caa cau thang dugc ché tao thi nghiém, va trong hai cau thang

cua hai treong khac nhau.
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- Van tdc robot thay ddi trong cac trudng hop khac nhau théng qua viée dit gia tri dau
Va0 tir can cua diéu khién tir xa (vdn téc ndy gidi han Vi< 2,8 (m/s) do kha néng ddp 1ng
Ciia ddng co truyén dong).

- Gia tc cua dc quy thay dbi twong g dé dam bao chdng lai hién twong lat, gia tbc nay
duoc diéu khién ty dong thdng qua luat didu khién PID mo duoc thiét ké tai chuong 3

¢) Do cdc thong sé dau ra cia thi nghigm

G6c nghiéng robot ¢, van téc leo robot V, ag gia téc di chuyén cua cum ac quy (d6i
trong) duoc do va nghi lai bang sb trén méi trudng EXCEL.

d) Tién hanh thi nghi¢m

Sau khi cong tac lap dat duoc hoan tat luan an tién hanh thi nghiém nhu sau:

- Cho robot di chuyén 1én, xudng cau thang véi cac toc d nhat dinh khéac nhau (téc do
dat), sau d6 do va xac dinh céc gia tri ciia goc nghiéng robot ¢ va gia téc ac quy ag;

- Tiép theo thay doi d doc cau thang va tién hanh thi nghiém lai nhur trén.

Qua trinh t6 chic thi nghiém va do két qua duogc thé hién trén hinh 4.7 dén hinh 4.9
- ‘ =

=

5
R
Lo |
Ak ol
—_—
‘

; N
= : S

Hinh 4.7: To6 chirc thi nghiém
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Hinh 4.8: Té chitc thi nghiém va do két qua véi cau thang ché tao c6 kha ning thay
ddi do doc
4.4.2. Két qud theec nghiém

Két qua thuc nghiém duogc ghi lai khi luan an to chirc thuc nghiém véi cau thang
ché tao thi nghiém va cau thang thuc té tai truong Cao dang céng nghé Bach Khoa Ha Noi
V6i cau thang co do doc £=30 do.

Phan mém chuyén dung Catman danh cho Spider 8 dugc thiét ké dé c6 thé luu trit
dir liéu va xuét dir liéu sang tép Excel hoac Matlab. Tir phan mém Catman chuyén dung
cua Spider 8, thoi gian ldy miu (¢ém xung) duoc dit thanh t = 0.05 (s)

Dir liéu thuc nghiém dwoc ghi lai trong bang 4.1 va bang 4.2, trong d6 céac dai luong:
t,V_Tn, ag_Tn, ¢_Tn lan luot Ia thoi gian, van téc cua xe robot, gia tbc ctia cum acquy, gia
tri goc ¢. Dit liéu cia V_Tn VA ag_tw 1 cac dit liéu roi rac (duwoc md ta bang ddu "+" trong
hinh.14), nén can tién hanh thyuc hién cac budc sau:

- M0 ta V_tn va ag_1n thanh cac ham V_no va aq_ng la cac ham bac 2, lién tuc caa
thoi gian t nho viéc sir dung phuong phéap binh phuong nho nhét (hinh 4.10 + hinh

4.13);

- Str dung cac ham V_no, ag_Ho vao cac phuong trinh duoc thiét 1ap trong mé hinh Iy
thuyét s& nhan duogc cac gia tri cia goc ¢_7 va cudi cing
- So sénh hé s6 tuong quan giita hai day gia tri ¢_n va @_L1 dé rit ra két luan vé viéc

md hinh Iy thuyét c6 phd hop véi thuc té hay khang.
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Tuong &ng Véi cac gia tri V_1n va ag_tn do duoc trong qua trinh thir nghiém, bang
phuong phéap binh phuong nhé nhét, cong thic V_no mo ta quy luat V_tn va cong thuc
aq_no Mo ta quy luat ag_tn theo thoi gian thu duoc:

V_yo = —0.00947t2 + 0.048675¢ + 0.400225(m/s) (4.1)
ag 1o = 0.00508t2 + 0.05350¢ + 0.35227(m/s2) (4.2)

O day, méc thoi gian t = 0 duogc tinh tir 1Gc xe robot bit dau quay & bac thang trén
cuing (tic 1a goc ¢ bat dau 16n hon 0) va do quing dudng cum acquy di chuyén bi han ché
nén trén phuy lyc chi ghi gia tri gia téc ag_tn > 0 & tai cac thoi diém ban dau t < 1(s), con
lai déu bang 0 sau d6. Tir cdng thuc (4.1) va (4.2) va sb lidu thuc nghiém cho qué trinh
robot leo 1&n cau thang (bang 4.1) va robot leo xuéng cau thang (bang 4.2), luan &n tién
hanh vé& do thi cho robot khi leo 1&n (hinh 4.10 va 4.11) va khi leo xubng cau thang (hinh
4.12 va hinh 4.13).

Bang 4.1 : Két qua thuc nghiém khi robot leo 1én ciu thang

Time |ag TN [ aQ HO | V.IN [ V.Ho |@_ TN | @ LT | Time | V.IN |V HO | @_TN | @_LT
©) | () | (isd) | (mis) | (mis) | (o) | @) | () | (is) | (i) | (@o) | (do)

0 0.9 0.88 244 | 2.44 0 0 15 | 281 | 276 | 51.0 | 50.9

0.05 | 0.875 | 0.888 | 2.44 | 2.458 0 0 155 | 275 | 2763 | 443 | 489

0.1 0.9 0895 | 244 | 2471 | 01 0.1 16 | 281 | 2769 | 39.8 | 38.9

0.15 | 0.875 0.9 256 | 2483 | 0.6 06 | 165 | 281 2776 | 375 | 36.0

0.2 0.9 0.908 | 250 | 2501 | 11 1.2 1.7 | 275 | 2.782 | 33.3 34

025 |1 0925 | 0915 | 250 | 2513 | 25 23 | 175 | 275 | 2.782 | 33.3 32

03 [0925 | 0923 [ 256 | 2525 | 3.7 | 4.0 1.8 | 281 | 2788 | 33.1 31

0.35 | 0.925 | 0.93 250 | 2538 | 73 | 6.4 | 1.85 | 281 [ 2.794 | 33.0 30

0.4 095 | 0935 | 256 | 2550 [ 94 | 95 19 | 2.81 | 2800 | 32.5 30

045 | 095 | 0943 | 256 | 2562 | 123 | 133 | 1.95 | 2.81 | 2.800 | 325 30

0.5 0.95 0.95 256 | 2574 | 164 | 18.2 2 2.81 | 2806 | 33.2 30

055 | 095 | 0958 | 2.62 | 2586 | 234 | 239 | 205 | 2.81 | 2.806 | 33.8 30

0.6 095 | 0965 | 262 | 2599 | 336 | 30.7 | 21 | 281 |2812| 33.0 30

0.65 | 0975 | 0973 | 256 | 2.611 | 43.1 | 38.0 | 215 | 2.75 | 2.812 | 30.3 30

0.7 ] 1.025 | 0.98 2.62 | 2623 | 398 | 441 | 2.2 28 |[2812 | 301 30
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Time [ag tn | @ HO | V.IN | V. HO [@_ TN [ @ LT[ Time [ V.Tn | V_Ho | @_TN | @_LT
© | me) | i) | (mis) | (mis) | @) | @) | © | i) | mis) | @) | (o)
0.75 | 0.975 | 0.988 | 2.62 | 2.629 | 47.2 | 494 | 225 | 2.80 | 2.818 | 30.4 30
08 | 0975 | 0995 | 2.68 | 2.641 | 498 | 538 | 23 | 2.80 | 2.818 | 30.1 30
0.85 | 1.025 | 1.003 | 2.62 | 2.654 | 58.4 | 57.4 | 235 | 2.75 | 2.818 | 29.3 30
0.9 1 1.013 | 2.62 | 2.660 | 63.8 | 60.3 | 24 | 2.80 | 2.818 | 29.8 30
0.95 1 1.02 2.62 | 2672 | 56.1 | 62.6 | 245 | 281 | 2.82 | 304 30
1 1 1.02 2.68 | 2678 | 65.6 | 642 | 25 | 280 | 2.82 | 304 30
1.05 2.68 | 2.690 | 65.0 | 65.3 | 255 | 2.75 | 2.82 | 30.6 30
1.1 2.68 | 2.696 | 59.0 | 66.0 | 26 | 2.81 | 2.82 | 305 30
1.15 2.68 | 2.708 | 61.8 | 66.0 | 2.65 | 2.87 | 2.82 | 295 30
1.2 275 | 2.715 | 696 | 656 | 2.7 | 2.81 | 2.82 | 29.8 30
1.25 2.75 | 2.721 | 63.6 | 64.7 | 2.75 | 2.80 | 2.818 | 304 30
1.3 2.75 | 2.727 | 54.7 | 63.1 | 2.8 | 2.81 | 2.818 | 30.3 30
1.35 275 | 2739 | 646 | 61.1 | 2.85 | 2.81 | 2.818 | 29.3 30
1.4 2.75 | 2.745 | 50.7 | 58.4 | 29 | 2.81 |2.818 | 29.7 30
1.45 2.68 | 2.751 | 62.0 | 55.0 | 2.95 | 2.81 | 2.818 | 30.2 30

Bang 4.2 : Két qua thwe nghiém khi robot leo xudng ciu thang

Time | ag_ TN [aQ HQ | V.IN | V_HQ | @ TN |@ LT | Time | V_iN | V_HQ | @_TN | @ LT

() | (M/$?) | (m/s?) | (mis) | (mis) | (dO) | (dO) | (s) | (mfs) | (mis) | (dd) | (do)

0.00 | 0.36 | 0.352 | 0.40 | 0.400 0 0 150 | 0.46 | 0.452 | 46.4 | 46.3

0.05 | 035 | 0.355 | 0.40 | 0.403 0 0 155 | 045 | 0453 | 403 | 41.7

0.10 | 036 | 0.358 | 0.40 | 0405 | 0.1 0.1 | 1.60 | 046 | 0.454 | 36.2 | 36.3
0.15 | 0.35 036 | 042 | 0407 | 05 05 | 165 | 046 | 0455 | 34.1 30
020 | 036 | 0.363 | 0.41 | 0.410 1 1.1 | 170 | 045 | 0.456 | 30.2 30
025 | 037 | 0366 | 041 | 0412 | 23 21 | 175 | 045 | 0456 | 29.9 30
030 | 037 | 0.369 | 042 | 0414 | 34 36 | 180 | 0.46 | 0457 | 305 30
035 | 037 | 0372 | 041 | 0416 | 6.6 58 | 185 | 0.46 | 0.458 | 30.2 30
040 | 038 | 0.374 | 042 | 0418 | 85 86 | 190 | 046 | 0459 | 295 30
045 | 038 | 0377 | 042 | 0420 | 112 | 121 | 195 | 046 | 0459 | 295 30
0.50 | 0.38 038 | 042 | 0422 | 149 | 165 | 2.00 | 046 | 0.460 | 30.2 30
055 | 038 | 0383 | 043 | 0424 | 213 | 217 | 2.05 | 046 | 0.460 | 30.7 30
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0.60 | 0.38 | 0.386 | 043 | 0426 | 305 | 279 ] 210 | 046 | 0461 | 30 | 30
0.65 | 0.39 | 0.389 | 042 | 0428 | 39.2 | 345 | 215 | 0.45 | 0.461 | 30.3 | 30
0.70 | 041 | 0.392 | 043 | 0430 | 36.2 | 40.1 | 2.20 | 0.47 | 0.461 | 30.1 | 30
0.75 | 039 | 0.395 | 043 | 0431 | 429 | 449 | 225 | 047 | 0462 | 30.4 | 30
0.80 | 0.39 | 0.398 | 044 | 0433 | 453 | 489 | 230 | 047 | 0462 | 30.1 | 30
0.85 | 0.41 | 0.401 | 043 | 0435 | 53.1 | 522 | 235 | 045 | 0462 | 293 | 30
0.90 | 040 | 0.405 | 043 | 0436 | 58 |54.8| 240 | 047 | 0462 | 29.8 | 30
0.95 | 0.40 | 0.408 | 043 | 0438 | 51 |56.9 | 2.45 | 0.46 | 0.463 | 30.4 | 30
1.00 | 040 | 0408 | 0.44 | 0439 | 59.6 | 584 | 250 | 0.47 | 0.463 | 304 | 30
1.05 044 | 0441 | 59.1 | 59.4 | 255 | 0.45 | 0.463 | 30.6 | 30
1.10 044 | 0442 | 536 | 60 | 2.60 | 0.46 | 0.463 | 305 | 30
1.15 044 | 0444 | 562 | 60 | 2.65 | 0.47 | 0463 | 295 | 30
1.20 045 | 0445 | 633 | 59.6 | 2.70 | 0.46 | 0.463 | 29.8 | 30
1.25 045 | 0446 | 57.8 | 58.8 | 2.75 | 0.47 | 0.462 | 30.4 | 30
1.30 045 | 0447 | 49.7 | 57.4 | 2.80 | 0.46 | 0.462 | 30.3 | 30
1.35 045 | 0449 | 58.7 | 555 | 2.85 | 0.46 | 0.462 | 29.3 | 30
1.40 045 | 0450 | 46.1 |53.1| 290 | 0.46 | 0462 | 29.7 | 30
1.45 044 | 0451 | 564 | 50 | 2.95 | 0.46 | 0.461 | 30.2 | 30
285 o | . |
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Hinh 4.10: Vin tdc ciia robot va gia toc ciia cum acquy trong qua trinh thue

nghiém robot leo 1&n ciu thang theo thoi gian
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Hinh 4.11: P thi biéu dién goc ¢ khi robot leo 1én cau thang trong qua trinh
thwe nghiém (p_Tn) va tinh todn theo mé hinh y thuyét (¢ 1)

05
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(b)
Hinh 4.12: Vén téc caa robot va gia téc ciia cum acquy trong qué trinh thuc

nghiém robot leo xuéng cau thang theo thoi gian
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Hinh 4.13: Do thi biéu dién goc ¢ khi robot xudng ciu thang trong qua trinh
thure nghiém (p_Tn) va tinh todan theo méd hinh y thuyét (o 1)

Tir s6 liéu & bang 4.1 va bang 4.2, nhan thay day gid tri ¢_tnVa ¢ Lt c6 hé sé tuong
quan 12 0,98 (hinh 4.10+ hinh 4.13). Piéu nay chang té md hinh dong lec hoc cua robot
chira chay khi leo Ién leo xudng cau thang ¢ xét téi va dap gay ra hién twong lat co do tin
cay can thiét va pha hop véi thuc té. Tir két qua so sanh gitta két qua thuc nghiém géc lat
cua robot chita chay vai goc lat cia robot chira chay theo mé hinh khao sét Iy thuyét da
xay dung trong chuong 3, cho thay mé hinh ly thuyét da xay dung c6 thé chap nhan duoc.
Két luin chuong 4

Tur két qua nghién ciu thue nghiém, luan an rat ra mot sé két luan sau:

1. Luan an da xay dung dugc phuong phap nghién ctru thuc nghiém xac dinh dong
luc hoc cua robot khi va dap véi bac cau thang trong qué trinh di chuyén (leo cau thang)
dan t&i kha ning 1at cua robot, lya chon duoc thiét bi do, cam bién do, phuong phap xur ly

s6 lidu thi nghiem.
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2. Tur két qua thi nghiém xac dinh duoc géc nghiéng robot khi va cham vao bac cau
thang ¢, (tng véi cac van tc khac nhau, do nghiéng cua bac cau thang va gia toc thay doi
toa do trong tdm cua ddi trong khéc nhau.

3. Lu4n 4n d4 so sanh két qua thuc nghiém vai két qua khao séat theo mé hinh tinh
toan ly thuyét, két qua so sanh cho thay day cac gia tri nay déu co6 hé sb twong quan > 0,8

diéu @6 ching to md hinh tinh toan theo Iy thuyét 1a chap nhan dugc.
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KET LUAN VA KIEN NGHI
1. Két luan

Trén co s cua nhirng nghién ciu ly thuyét, va thue nghiém vé dong luc hoc va diéu
khién robot chira chay nha xuéng cong nghiép, luan &n rit ra mot sé két luan sau qua sau:

1. Bang cac phuong phap nghién ciru trong 1y thuyét dong luc hoc da xay dung duoc
mo hinh, thiét lap phuong trinh déng luc hoc cho robot leo cu thang khi chwa xét t6i dong
luc hoc do va dap véi cau thang. Tir két qua nay, da dé xuat hé thong diéu khién truyén dong
cho dong co nham dam bao kha ning di chuyén cia robot khi di trén duong bang, leo cau
thang (vurgt chudng ngai vat).

2. Pi xay dung duoc mé hinh, thiét 1ap duoc phwong trinh dong luc hoc cua robot
tuong tac v6i bac cau thang trong qua trinh di chuyén Ién, xuéng cau thang, dé xuat co cau
chéng lat thdng qua thuat toan diéu khién vi tri d6i trong, khao sat hé phwong trinh dong
luc hoc xac dinh duoc:

- Gi4 tri toi uu cua goc leo robot (goc nghiéng phia trudc mat xich) 1ay = 45°;

- Anh huéng cua cac gia tri (goc doc cau thang 8, goc leo robot y, van téc 16n nhat
robot Vmax Va gia toc cta ddi trong ag) téi kha ning bi lat cia robot;

- CAc cap gia tri twong tng, voi mdi cac gia tri goc doc cua bac cau thang p va goc
leo robot ¥ vai van toc leo 16n nhat cia robot Vimax, thi can gia tri gia téc twong ng cua
cum ac quy aq dé robot khong bi lat.

3. Thiét Iap duoc méi quan hé giita cac dai luong goc nghiéng ¢ 1a ham cua gia téc
dbi trong ag. Két qua nay tao thuan loi dé thiét 1ap thuat toan diéu khién dbi trong chéng
lai hién tuong lat cua robot khi va cham véi cau thang.

4. Luan an da xay dung duoc bang xac dinh gié tri gisi han van téc cua robot chira
chay khi di chuyén 1én xuéng cau thang trong qua trinh hoat dong chira chay (bang 3.3),
két qua nay 1a co s& xac dinh ché d6 sir dung an toan cho robot chira chay cong trinh cong
nghiép.

5. Két qua thue nghiém kiém chizng mé hinh tinh toan ly thuyét cho thy hé sé twong
quan r giira dy céac gia tri goc nghiéng ¢ dan tsi hién tuong 1at cia mo hinh tinh toan ly
thuyét va két qua thuc nghiém déu théa man r > 0,8, diéu d6 chung té mé hinh tinh toan

theo Iy thuyét phti hop véi thuc té c6 do tin cay can thiét. Bang nghién ciu thyc nghiém va
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ly thuyét da sir dung duoc van toc 16n nhat caa khi xudng cau thang Vimax = 0,45 (m/s) va
khi 18n Vimax= 2,8 (m/s) (ing véi d6 ddc cau thang f=30° va gia toc thay d6i cum ic quy (ddi
trong) twong tng la ag= 0,4 (m/s?) va ag=1 (m/s?)
2. Kién nghi

Do thoi gian nghién citu c6 han, dé dé tai hoan thién can tiép tuc nghién ciu mot sé
noi ngoai pham vi nghién ctru cta luan an nhu sau :

1. Nghién ciru md hinh dong luc hoc cua robot chira chay céng trinh cong nghiép khi
leo 1én cau thang cd kéo theo cudn voi chira chay.

2. Nghién ctru mé hinh dong luc hoc cua robot chita chay khi vira leo lén cau thang

vira quay vong chuyén huéng, vira kéo cudn voi chira chay.



103

CAC CONG TRINH CUA TAC GIA LIEN QUAN PEN LUAN AN PA CONG BO

1. Hoang Son, Nguyén Xuan Nguyén, Nguyén Pham Thuc Anh, Nguyén Thi
Huyén (2023). Nghién cizu dong luc hoc robot chita chdy nha xweng cdng nghiép trong
qué trinh leo cau thang. Tap chi khoa hoc va cdng nghé Lam nghiép, sé 2(2023), ISSN:
189-3828

2. Son Hoang, Anh Nguyen Pham Thuc, Nguyen Xuan Nguyén (2023). Designing
and Control Track-Belt Robot for Firefighting Task. 2023 7th International Conference on
Robotics and Automation Sciences, Electronic ISBN: 979-8-3503-1356-7,
DOI: 10.1109/ICRAS57898.2023.10221617

3. Hoang Son, Vu Khac Bay, Nguyen Pham Thuc Anh, Nguyen Xuan Nguyen,
Hoang Ha, Nguyen Thai Van (2024). Research on the overturning phenomenon of
firefighting and rescue crawler robots when climbing up and down stairs. International
Journal of Intelligent Robotics and Applications, ISSN (Print): 2366-5971,
DOI:0rg/10.1007/s41315-024-00394-3.



104

TAI LIEU THAM KHAO

Tiéng Viét

1/9. L& Quang Bon, (2024), “Nghién ciru cong nghé, thiét ké va ché tqo thir nghiém robot
chira chay cho cong trinh cong nghiép”, mi sé PTDL.CN-98/21, Bé tai doc lap cap québc
gia, Cuc thdng tin khoa hoc cong nghé quéc gia.

2/10.D3 Sanh, (2005), Co hoc — Tdp 2 — Béng luc hoc, NXB Thbng Kke.

3. Nguyén Hira Can, Pham Quéc Thinh, Pham Minh Thai, Nguyén Vin Tai, Lé Thi Vang
(2004), Ly thuyét 6 td may kéo, Nha xuét ban khoa hoc k¥ thuat, Ha Noi.

4. Tang Qudc Nam (2020), “Ché tqo robot vin chuyén trong cac khu vuc cach ly cé nguy
co 14y nhiém cao”. Bé tai cap qudc gia, Cuc théng tin khoa hoc cong nghé quéc gia.

5. Nguyén Buc Anh (2022), “Nghién cizu ché tao robot tim kiém muc tiéu dudi néc hd
tro cong tac cizu ngn, ciru hg ”, Dé tai cap Bo Cong An.

6. Duong Thi Thuy Van, TS. Han Thanh Trung, TS Vii Tri Vién (2021), “Nghién cizu, thiét
ké ché tao robot khir khudan CD 1.0”. Bé tai cap co sé, Truong Pai hoc Ton Duc Thing

7. Nguyén Trong Doanh; Nguyén Ngoc Dat. Nghién cizu déng hoc va md phéng robot nhén
bén chan. Co khi Viét Nam - 2018 - ISSN.0866-7056

Tiéng Anh

8. Wells P, Deguire D (2005). TALON: A Universal Unmanned Ground Vehicle Platform,
Enabling the Mission to Be the Focus. Proceeding of the SPIE, Orlando, FL. 5804: 747-
757.

9. Frost T, Norman C, Pratt S, Yamauchi B (2002). Derived Performance Metrics and
Measurements Compared to Field Experience for the PackBot. Proceedings of the
PerMIS Workshop, Gaithersburg, MD, USA. pp. 201-208.

10. Yamauchi B (2004). PackBot: A Versatile Platform for Military Robotics. Proceedings
of SPIE-Unmanned Ground Vehicle Technology VI, Orlando, FL. 5422: 228-237.

11. Ben-Tzvi P, Ito S, Goldenberg A A (2007). Autonomous Stair Climbing with
Reconfigurable Tracked Mobile Robot. IEEE International Workshop on Robotic and

Sensors Environments, Ottawa, Canada. pp. 1-6.


http://sti.vista.gov.vn/Pages/danh-sach-tai-lieu-khcn-moi-nhat.aspx?Type_CSDL=TAILIEUKHCN&datasearch=%5b%7b%22FieldSearch%22:%22TacGiaCaNhanNew%22,%22Keyword%22:%22Nguyễn%20Trọng%20Doanh%22,%22Operator%22:%22AND%22%7d%5d
http://sti.vista.gov.vn/Pages/danh-sach-tai-lieu-khcn-moi-nhat.aspx?Type_CSDL=TAILIEUKHCN&datasearch=%5b%7b%22FieldSearch%22:%22TacGiaCaNhanNew%22,%22Keyword%22:%22%20Nguyễn%20Ngọc%20Đạt%22,%22Operator%22:%22AND%22%7d%5d
http://sti.vista.gov.vn/tw/Pages/tai-lieu-khcn.aspx?ItemID=269257&Type_CSDL=TAILIEUKHCN&Keyword=robot&searchInFields=FullTextSM;Title&datasearch=&NamXuatBan=&LinhVuc_Ma=&ListNamXuatBan=&ListLinhVuc_Ma=
http://sti.vista.gov.vn/tw/Pages/tai-lieu-khcn.aspx?ItemID=269257&Type_CSDL=TAILIEUKHCN&Keyword=robot&searchInFields=FullTextSM;Title&datasearch=&NamXuatBan=&LinhVuc_Ma=&ListNamXuatBan=&ListLinhVuc_Ma=

105

12. Yoneda K, Ota Y, Hirose S (2001). Development of a Hi-Grip Stair Climbing Crawer
with Hysteresis Compliant Blocks. Proceedings of 4th International Conference on
Climbing and Walking Robots (CLAWAR), Karlsruhe, Germany. pp. 569-576.

13. Birk A, Carpin S (2001). Rescue Robotics a Crucial Milestone on the Road to
Autonomous Systems. Advanced Robotics Journal. 20(5): 595-576.

14. Murphy R R (2004). Human-Robot Interaction in Rescue Robotics. IEEE Transactions
on Systems. Man and Cybernetics — Part C: Applications and Reviews. 34(2): 138-153.

15. Liu Y, Liu G (2009). Track-Stair Interaction Analysis and Online Tipover Prediction
for a Self-Reconfigurable Tracked Mobile Robot Climbing Stairs. IEEE/ASME
TRANSACTIONS ON MECHATRONICS. 14(5): 528-538.

16. Liu J, Wang Y, Ma S, Li B (2005). Analysis of Stairs-climbing Ability for a Tracked
Reconfigurable Modular Robot. Proceeding of IEEE International Workshop on Safety,
Security and Rescue Robotics, Kobe, Japan. pp. 53-58.

17.VuQ H, Kim B S, Song J B (2008). Autonomous Stair Climbing Algorithm for a Small
Four-Tracked Robot. Intemational Conference on Control, Automation and Systems,
Seoul, Korea. pp. 2356-2360

18. Magda Judith Morales Tavera, Omar Lengerke, Max Suell Dutra, Elkin Yesid Veslin
Diaz. Navigation and sensing system on a firefighting robot. ABCM Symposium Series
in Mechatronics, Section VII — Robotics, 2012.

19. Pengcheng Liu, Hongnian Yu, Shuang Cang, Luige Vladareanu. Robot-Assisted Smart
Firefighting and Interdisciplinary Perspectives. Proceedings of the 22nd International
Conference on Automation & Computing, University of Essex, Colchester, UK, 7-8
September 2016.

20. Chee Fai Tan etal. Fire Fighting Mobile Robot: State of the Art and Recent Development.
Australian Journal of Basic and Applied Sciences, 7(10): 220-230, 2013.

21. Sandip Gupta Farogh Ahmad S. Sundar and Shanmugasundaram M. “Manually
controlled enhanced wireless intelligent fire fighting robot”. ARPN Journal of
Engineering and Applied Sciences, vol.12, no.21, 2017.

22. Jon Hastie, Ben Jacaobs Chris Martell, Tim Parker Amir Talako, Development of a New Arm
For The Foster-Miller TALON Robot, Department of Mechanical, Industrial and



106

Manufacturing Engineering College of Engineering, Northeastern University Boston, MA
02115 December 8, 2005.

23. Haijun Mo Ping Huang Shaowei Wu, Study on Dynamic Stability of a Tracked Robot
Climbing over an Obstacle or Descending Stairs, College of Mechanical Engineering,
South China University of Technology, Guangzhou, 510640, China mohj@scut.edu.cn.

24. Harada, K.; Kajita, S.; Kaneko, K. & Hirukawa, H. (2006). Dynamics and Balance of a
Humanoid Robot during Manipulation Tasks, IEEE Transaction on Robotics, 2006, vol.
22, no. 3, pp. 568-575.

25. Sugahara, Y.; Carbone, G.; Hashimoto, K.; Ceccarelli, M.; Lim, H. & Takanishi, A.
(2007). Experimental Stiffness Measurement of WL-16R11 Biped Walking Vehicle during
Walking Operation, Journal of Robotics and Mechatronics, Vol. 19, No. 3, Jun. 2007,
pp. 272-280.

26. Nakajima, S.; Nakano, E.; & Takahashi, T.; (2007). Motion Control Technique for

Practical Use of a Leg-Wheel Robot on Unknown Outdoor Rough Terrains, Proceedings

of IEEE/RSJ International conference on Intelligent Robots and Systems, vol.1, (Month
2004), pp. 1353-1358

27. Altendorfer, R.; Moore, E.Z.; Komsuoglu, H.; Buehler, M.; Brown, H.; McMordie, D.;
Saranli, U.; Full, R. & Koditschek, D.E. (2001). A Biologically Inspired Hexapod
Runner, Autonomous Robots, Vol. 11, (month 2001), pp. 207 — 213

28. Matsumoto, O.; Kajita, S.; Saigo, M. & Tani, K; (1999). Biped-type leg-wheeled robot,
Advanced Robotics, 13(3), Oct. 1999, pp.235-236.

29. Stoeter A. Sascha; Rybski E. Paul; Gini Maria & Papanikolopoulos Nikolao (2002).
Autonomous Stair-Hopping with Scout Robots, Proceedings of the IEEE/RSJ Intelligent
Robots and Systems, pp.721-726, 2002

30. Murphy R. Robin (2000). Biomimetic Search for Urban Search and Rescue,
Proceedings of the IEEE/RSJ Intelligent Robots and Systems, pp. 2073-2078,
Takamatsu Japan, October 2000

31. Yim M.; Duff D. & Roufas K. (2000). Modular Reconfigurable Robots, An Approach
To Urban Search and Rescue, Proceedings of 1st International Workshop on

Humanfriendly Welfare Robotic Systems, pp.69-76


mailto:mohj@scut.edu.cn

107

32. Krishna M.; Bares J. & Mutschler Ed, (1997). Tethering System Design for Dante II,
Proceedings of IEEE International Conference on Robotics and Automation, pp.1100-
1105

33. Granosik, G.; Hansen, M. & Borenstein, J. (2005). The OmniTread Serpentine Robot
for Industrial Inspection and Surveillance, International Journal of Industrial Robots,
No. 32, Vol.2, 139-148

34. Tsukagoshi H.; Sasaki M.; Kitagawa A. 6 Tanaka T. (2005). Design of a higher
jumping rescue robot with the optimized pneumatic drive. Proceedings of the 2005 IEEE
International Conference on Robotics and Automation, pp.1288-1295

35. Kan Taguchi, Hisataka Satoh (1997). A Study of the Wheel-Feet Mechanism for Stair
Climbing. Journal of the Robotics Society of Japan Vol. 15 No. 1, pp. 118-123.
DOI https://doi.org/10.7210/jrsj.15.118.

36. Arai, M.; Tanaka, Y.; Hirose, S.; Tsukui, S. & Kuwahara, H. (2006). Improved Driving
Mechanism for Connected Crawler Vehicle “Souryu-IV” for in Rubble Searching
Operations. Proceedings of IEEE International Workshop on Safety Security and
Rescue Robotics (SSRR2006), pp. TUE-AM 1-1, August 2006, Washington, USA.

37. Tanaka, Y.; Arai, M.; Hirose, S. & Tsukui, S. (2006). Development of “Souryu-V” with
MonoTread-Crawlers and Elastic-Rods Joint. Proceedings of IEEE International
Workshop on Safety Security and Rescue Robotics (SSRR2006), pp. TUE-AM 1-1,
Washington, USA.

38. Miyanaka, H.; Wada, N.; Kamegawa, T.; Sato, N.; Tsukui, S.; Igarashi, H. & Matsuno,
F. (2007). Development of a unit type robot “KOHGA2” with stuck avoidance ability,
Proceedings of 2007 IEEE International Conference on Robotics and Automation,
pp.3877-3882. Roma, Italy.

39. Takayama T. & Hirose S. (2000). Development of Souryu-I: Connected Crawler
Vehicle for Inspection of Narrow and Winding Space, Proceedings of IEEE International
Conference on Industrial Electronics, Control and Instrumentation (IECON-2000),
pp.143-149


https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Kan+Taguchi
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Hisataka+Satoh
https://doi.org/10.7210/jrsj.15.118

108

40. Granosik, G.; Hansen, M. & Borenstein, J. (2005). The OmniTread Serpentine Robot
for Industrial Inspection and Surveillance. International Journal of Industrial Robots,
No. 32, Vol.2, 139-148

41. Weijun Tao, Yi Ou and Hutian Feng (2012). Research on Dynamics and Stability in
the Stairs-Climbing of a Tracked Mobile Robot. International Journal of Advanced
Robotic Systems. 2012, Vol. 9, DOI: 10.5772/52850

42. Haijun Mo, Ping Huang, Shaowei Wu, (2005). Study on Dynamic Stability of a Tracked
Robot Climbing over an Obstacle or Descending Stairs. Proceedings of the Third IEEE
International Workshop on Electronic Design, Test and Applications (DELTA’06) 0-
7695-2500-8/05 © IEEE

Vebsite:

43. Nguyén mau robot rong bay dap hra trong mot budi thir nghiém. Anh: Akita Prefectual
Universit. https://vnexpress.net/robot-rong-bay-phun-nuoc-chua-chay 4692159.html?
utm_source=chatgpt.com

44.  https://daihocpccc.bocongan.gov.vn/2020/04/13/9-robot-chua-chay-hien-dai-nhat-
the-gioi

45. Can canh robot Colossus. (4nh: Shark Robotics). https://vtcnews.vn/may-bay-khong-
nguoi-lai-robot-cuu-hoa-dap-dam-chay-tai-nha-tho-duc-ba-ra-sao-ar469873.htmi

46. Ngudn anh: VOV. https://doanhnghiepvn.vn/quoc-te/viet-nam-dang-so-huu-xe-phong-
chay-chua-chay-uu-viet-the-nao/20190906111838049

47. https://www.nguoiduatin.vn/ngam-nhin-nhung-thiet-bi-pccccnch-tan-tien-tai-ha-noi-
204617919.htm



PHU LUC



Hinh anh thwc nghiém véi ciu thang thuc té tai treong Cao dang Cong nghé
Bach Khoa Ha Noi

~




Chuwong trinh diéu khién dong co
/[Tién 10i 1a CH3
/I Trai phai la CH4
/I nat nhan TRAI coi CH5
// Bén 1 la CH6 SWA
// Beén 2 1a CH7 SWD
// VR A 1a diéu khién d6i trong CH8
// VR B 1a diéu khién voi phun CH9
int rc1, motord; //bién cho dong co 1
int rc2, motor2; //bién cho dong co 2
int rc3, motor3; // bién cho dong co 3
int rc4, motor4; // bién cho dong co 4
int tl, t2;
intvl;
intv2;
int coi,denl,den2; //bién coi, dén 1 va dén 2
void setup() {
analogWrite(3,255);
analogWrite(4,255);
digitalWrite(10,HIGH);
digitalWrite(11,HIGH);
digitalWrite(12,HIGH);
pinMode(2,INPUT);//Nhan tin hiéu tir tay dk dong co 1
pinMode(5,INPUT);//Nhan tin hiéu tur tay dk dong co 2
pinMode(6,INPUT);// Nhan tin hiéu tur tay dk dén 1
pinMode(7,INPUT); // Nhan tin hiéu tur tay dk dén 2
pinMode(13,INPUT); // Nhan tin hiéu tir tay dk diéu khién coi
pinMode(22,INPUT); // Nhan tin hiéu tir tay dk diéu khién ddi trong
pinMode(24,INPUT); // Nhan tin hiéu tir tay dk diéu khién voi phun
pinMode(3,0UTPUT); //PWMI1 Dong co 1



pinMode(4,0UTPUT); // PWM2 Dong co 2
pinMode(8,0UTPUT); /Chan diéu khién chiéu dong co 1
pinMode(9,0UTPUT); /Chan diéu khién chiéu dong co 2
pinMode(10,0UTPUT); /Chan diéu khién coi
pinMode(11,0UTPUT); //diéu khién dén 1
pinMode(12,0UTPUT); //diéu khién dén 2
pinMode(26,0UTPUT); //diéu khién dong co ddi trong
pinMode(28,0UTPUT); //diéu khién dong co ddi trong
pinMode(30,0UTPUT); //diéu khién dong co voi phun
pinMode(32,0UTPUT); //diéu khién dong co voi phun
Serial.begin(9600);
}
void loop() {
rcl=pulseln(2,HIGH);
motorl=map(rc1,994,1988,0,256);
rc2=pulseln(5,HIGH);
motor2=map(rc2,994,1988,0,256);
rc3=pulseln(22,HIGH);
motor3=map(rc3,994,1988,0,255);
rc4=pulseln(24,HIGH);
motor4d=map(rc4,994,1988,0,255);
denl=pulseln(6,HIGH); //doc chan s6 6
den2=pulseln(7,HIGH); // doc chan s6 7
coi=pulseIn(13,HIGH); //doc chan s6 13
//Serial.print("buoc: ");
//Serial.printin(denl);
//delay(100);
//diéu khién dbi trong
/[Tién ddi trong

if(motor3>135)



{
rc3=pulseln(22,HIGH);

motor3=map(rc3,994,1988,0,255);
digitalWrite(26,HIGH);
digitalWrite(28,LOW);
b
// i d6i trong
If((motor3<115)&&(motor3>0))
{
rc3=pulseln(22,HIGH);
motor4=map(rc4,994,1988,0,255);
digitalWrite(26,LOW);
digitalWrite(28,HIGH);
b
//stop dbi trong
if((motor3<135)&&(motor3>115))
{
rc3=pulseln(22,HIGH);
motor3=map(rc3,994,1988,0,255);
digitalWrite(26,LOW);
digitalWrite(28,LOW);
b
//diéu khién voi phun
/ITién voi phun
if(motor4>135)
{
rc4=pulseln(24,HIGH);
motord=map(rc4,994,1988,0,255);
digitalWrite(30,HIGH);
digitalWrite(32,LOW);



b
// ha voi phun
if((motor4<115)&&(motor4>0))
{

rc4=pulseln(24,HIGH);
motor4d=map(rc4,994,1988,0,255);
digitalWrite(30,LOW);
digitalWrite(32,HIGH);

¥
//stop voi phun
If((motor4<135)&&(motor4>115))
{
rc4=pulseln(24,HIGH);,
motor4d=map(rc4,994,1988,0,255);
digitalWrite(30,LOW);
digitalWrite(32,LOW);
by
//diéu khién dén 1
if((den1<1200)&&(den1>0))
{
digitalWrite(11,HIGH);
b
if((den1>1200))
{
digitalWrite(11,LOW);
b
if((den1==0))
{
digitalWrite(11,HIGH);

}



//diéu khién dén 2
if((den2<1200)&&(den2>0))
{
digitalWrite(12,HIGH);
b
if((den2>1200))
{
digitalWrite(12,LOW);
¥
if((den2==0))
{
digitalWrite(12,HIGH);
b
Il coi
if((coi<1200)&&(coi>0))
{
digitalWrite(10,HIGH);
b
if((coi>1200))
{
digitalWrite(10,LOW);
b
if((coi==0))
{
digitalWrite(10,HIGH);
b
/ITién

if(motor1>135)

{
rcl=pulseln(2,HIGH);



motorl=map(rc1,994,1988,0,256);
digitalWrite(8,HIGH);
digitalWrite(9,LOW);
v1=382-motorl;
analogWrite(3,v1);
analogWrite(4,v1);
¥
/I Lui
if((motorl<115)&&(motorl>0))
{
rcl=pulseln(2,HIGH);
motorl=map(rc1,994,1988,0,256);
digitalWrite(8,LOW);
digitalWrite(9,HIGH);
v1=127+motorl;
analogWrite(3,v1);
analogWrite(4,v1);
b
/Istop
if((motor1<135)&&(motor1>115)&& (motor2<135)&&(motor2>115))
{
v1=255;
v2=255;
analogWrite(3,255);
analogWrite(4,255);
b
[*
if((motor2<135)&&(motor2>115))

{
v1=255;



v2=255;
analogWrite(3,255);
analogWrite(4,255);
¥
*/
if((motor1<0)&&(motor2<0))
{

v1=255;

v2=255;
analogWrite(3,255);
analogWrite(4,255);
¥

Il Xoay trai

if(motor2>135)

{

rc2=pulseln(5,HIGH);
motor2=map(rc2,994,1988,0,256);
digitalWrite(8, HIGH);
digitalWrite(9,HIGH);
v2=382-motor2;
analogWrite(3,v2);
analogWrite(4,v2);
}

Il xoay phai
iIf((motor2<115)&&(motor2>0))
{

rc2=pulseln(5,HIGH);
motor2=map(rc2,994,1988,0,256);
digitalWrite(8,LOW);

digitalWrite(9,LOW);

v2=127+motor2;
analogWrite(3,v2);
analogWrite(4,v2);



Chuwong trinh mé phéng Matlab
Khai B4o Tham S6
%% Parameters
m=50; %kg;
mg=500; %kgf
L=0.7; %Meter
La=0.350;
Lc=0.350;
Kapa=0.17; %Meter
h=0.085; %Meter
Theda=45*pi/180; %Radian theda=35%*pi/180 theo diing véi minh chon
r=0.1; %Meter
ti=0.01;
D=15.16*pi/180;
Muu=0.56;
Eff=0.5;
G=60;
V_rated=35; %\Volts
T stall rated=1.13;
n_noload_rated=3380;
Bb=0.279; %Meter
V=20; %\Volts
%% Relationship of parameters
T_stall=T_stall_rated*V/V _rated,
n_noload=n_noload rated*V/V rated,;
w_noload=n_noload*2*pi/60;
t a=0.2;
a_noload=w_noload/t_a;

w_slope=-w_noload/T_stall;



a_slope=-a_noload/T_stall;
1=22;

=1

%% Preallocate for speed
i_final=1500;
B=zeros(1,i_final);
DeltaL=zeros(1,i_final);
L_1=zeros(1,i_final);
L_2=zeros(1,i_final);
L_T=zeros(1,i_final);
N_c=zeros(1,i_final);
Na=zeros(1,i_final);
Rr3=zeros(1,i_final);
Tml=zeros(1,i_final);
Tm2=zeros(1,i_final);
d2A_dt2=zeros(1,i_final);
d2B_dt2=zeros(1,i_final);
d2Q_dt2=zeros(1,i_final);
d2x_dt2=zeros(1,i_final);
d2y dt2=zeros(1,i_final);
dA_dt=zeros(1,i_final);
dB_dt=zeros(1,i_final);
dx_dt=zeros(1,i_final);
dy_dt=zeros(1,i_final);
g=zeros(1,i_final);
time=zeros(1,i_final);
w=zeros(1,i_final);
w_max=zeros(1,i_final);
%%

bong Luc Hoc
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%%% PART 1
i=1;
time(i)=0;
B(i)=0.001; %Radian D
dB_dt(i)=0;
w(i)=0; %Guess W
X(i)=0;
y(1)=0;
dx_dt(i)=0;
dy dt(i)=0;
d2Q_dt2(i)=0;
L_2(i)=L/2;
L_T(i)=0.02;
L_1(i)=L/2;
d2A_dt2(i)=0;
dA_dt(i)=0;
DeltaL (i)=0;
DDD(i)=0;
check(i)=0;
while(B(i)<D)
error=1;
Tm2(i)=(1/w_slope)*w(i)+T_stall,
Tm1(i)=Tm2(i);
while((error>0.001)||(error<-0.001))
w_max(i)= Tm2(i)*w_slope+w_noload,;
if(w(i)<(w_max(i))-20)
d2Q _dt2(i+1)=(a_slope*Tm2(i))+a_noload,;
w(i+1)=d2Q_dt2(i+1)*ti+w(i);
else

w(i+1)=w_max(i);
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d2Q_dt2(i+1)=(w(i+1)-w(i));
end
q(i)=(Kapa-L*sin(B(i))/tan(Theda+B(i)));
RR(i)=(Lc+Kapa-L*sin(B(i))-q(i)*tan(B(i))+cos(B(i))*q(i));
Na(i)=(220*Lc*cos(B(i))+q(i))/(cos(B(i))* L+q(i));
%Na(i)=mg*(Lc*cos(B(i)))/(cos(B(i))*L+q(i));
d2B_dt2(i) = (Na(i)*(-0.56*Kapa-L*cos(B(i))-
q(i))+mg*(Lc*cos(B(i))+q(i)))/(I+m*RR(i)*2);

d2x_dt2(i) =1-(d2B_dt2(i))*((La).*sin(B(i))+h*cos(B(i))):
d2y_dt2(i) =+d2B_dt2(i)*(La*cos(B(i))-h*sin(B(i))):

N_c(i) =((-m*(d2x_dt2(i))+(G*Eff/r)*Tm2(i)*cos(Theda+B(i))-0.1*Na(i)))/
(sin(B(i)+Theda)+Muu*cos(B(i)+Theda));

Tm2(i) = (d2y_dt2(i)*m+mg-Na(i)-
N_c(i)*(0.1*sin(B(i)+Theda)+cos(B(i)+Theda)))/((sin(Theda+B(i))*G*Eff)/r);

error=(Tm2(i)-Tm21(i))/Tm2(i);
Tm2(i)=Tm1(i)+Tm2(i)*error/4;
Tmi(i)=Tm2(i);

end

dB_dt(i+1)= d2B_dt2(i)*ti+dB_dt(i);
B(i+1)=B(i)+dB_dt(i)*ti+0.5*d2B_dt2(i)*ti"2;
dx_dt(i+1)=-d2x_dt2(i)*ti+dx_dt(i);
X(i+1)=X(i)+dx_dt(i)*ti+0.5*d2x_dt2(i)*ti"2;
dy_dt(i+1)=d2y_dt2(i)*ti+dy_dt(i);
y(i+1)=y(i)+dy_dt(i)*ti+0.5*d2y_dt2(i)*ti"2;
time(i+1)=time(i)+ti;

time(i+1)=time(i)+ti;
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L_2(i)=L/2;
L_T(i)=0.01;
L 1(i)=L/2;
d2A_dt2(i)=0;
dA_dt(i)=0;

i=i+1;

end

i_end(j)=i-1;
=ity
BB1=B(i(end)-1);
BB2=B(i(end));

E = 35*pi/180;

%% Part 2
while(BB1<BB2&&BB2<E)
error=1;
Tm2(i)=(1/w_slope)*w(i)+T _stall;
Tm1(i)=Tm2(i);
while((error>0.001)||(error<-0.001))
w_max(i)=Tm2(i)*w_slope+w_noload;
if(w(i)<(w_max(i)))
d2Q_dt2(i+1)=(a_slope*Tm2(i))+a_noload,;
w(i+1)=d2Q_dt2(i+1)*ti+w(i);
else
w(i+1)=w_max(i);
d2Q_dt2(i+1)=(w(i+1)-w(i));
end
q(i)=(L*cos(B(i))-Kapa/tan(B(i)));
RR(1)=((Lc-q(i)/cos(B(i)))*2+ (L/2*sin(B(i))+h*cos(B(i))- Kapa)"2)"0.5;
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MM(i)=((L*cos(B(i))-h*sin(B(i)))-Muu*(Lc*sin(B(i))+h*cos(B(i))));

NN(i)=(cos(B(i))+Muu*sin(B(i)))*(Lc*cos(B(i))-q(i));

MMM(i)=(sin(B(i))+Muu*cos(B(i)))*(h*sin(B(i))+h*sin(B(i))+Lc*sin(B(i))-
Kapa);

Na(i)=220*(NN(i))+*MMM(i))/(MMM(i)+NN(i)+MM(i));

d2B_dt2(i) = (Na(i)*(Muu*(Lc*sin(B(i))+h*cos(B(i)))-(L*cos(B(i))-
q(i)))+mg*(L/2*cos(B(i))))/(I+m*RR(i)"2);

d2x_dt2(i) =+2- (d2B_dt2(i))*((La).*sin(B(i))+h*cos(B(i)));

d2y_dt2(i) =d2B_dt2(i)*(La*cos(B(i))-h*sin(B(i)));

N_c(i) =
(1/(sin(B(1))+Muu*cos(B(i))))*((m™*(d2x_dt2(i))+(G*Eff/r)*Tm2(i)*cos(B(i))-
Muu*Na(i)));

Tm2(i) = (d2y_dt2(i)*m+mg-Na(i)-N_c(i)*(cos(B(i))-
Muu*sin(B(i))))/((sin(B(i))*G*Eff)/r);

error=(Tm2(i)-Tm1(i))/Tm2(i);

Tm2(i)=Tm21(i)+Tm2(i)*error/4;

Tm1(i)=Tm2(i);

end

w(i+1)=d2Q_dt2(i)*ti+w(i);

w_max(i)=Tm2(i)*w_slope+w_noload;

if(w(i)<(w_max(i)))
d2Q_dt2(i+1)=(a_slope*Tm2(i))+a_noload,;
w(i+1)=d2Q_dt2(i+1)*ti+w(i);

else
w(i+1)=w_max(i);
d2Q_dt2(i+1)=(w(i+1)-w(i));

end

dB_dt(i+1)=d2B_dt2(i)*ti+dB_dt(i);

B(i+1)=B(i)+dB_dt(i)*ti+0.5*d2B_dt2(i)*ti"2;
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dx_dt(i+1)=-d2x_dt2(i)*ti+dx_dt(i);
X(i+1)=X(i)+dx_dt(i)*ti+0.5*d2x_dt2(i)*ti"2;
dy_dt(i+1)=d2y_dt2(i)*ti+dy_dt(i);
y(i+1)=y(i)+dy_dt(i)*ti+0.5*d2y_dt2(i)*ti"2;
time(i+1)=time(i)+ti;
time(i+1)=time(i)+ti;
L_2(i)=L/2;
L_T(i)=0.02;
L_1(i)=L/2;
BB2=B(i(end));
i=i+1;

end

i_end(j)=i-1;

=ity

%% Part 3

L_2(i)=L_2(i(end)-1);

L_2(i)=L/2*cos(B(i));

L_T(i)=0.01;

L_1(i)=0;

B(i)=35*pi/180;

while(L_2(i-1)>0)
error=1;
Tm2(i)=(1/w_slope)*w(i)+T_stall;
Tm1()=Tm2(i);
while((error>0.001)||(error<-0.001))

w_max(i)=Tm2(i)*w_slope+w_noload;
iIf(w(i)<(w_max(i)))
d2Q_dt2(i+1)=(a_slope*Tm2(i))+a_noload,;
w(i+1)=d2Q_dt2(i+1)*ti+w(i);

else
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w(i+1)=w_max(i);
d2Q_dt2(i+1)=(w(i+1)-w(i));
end
d2A _dt2(i+1)=(r/60)* d2Q_dt2(i);
dA_dt(i)=r*w(i)/60;
L_T(®i)=L_T(i-1)+dA_dt(i)*ti+0.5*d2A_dt2(i)*ti"2;
L_1(i)=L/2+L_T(i);
L_2(i)=L/2-L_T(i);
d2y_dt2(i)=(r/60)* d2Q_dt2(i)-sin(B(i))*d2A_dt2(i);
d2x_dt2(i)=cos(B(i))*d2A_dt2(i)-dA_dt(i)*sin(B(i));
Na(i)=mg*(L_2(i))/(L/2*cos(B(i))*(cos(B(i))-
Muu*sin(B(i)))+Kapa*(Muu*cos(B(i))+sin(B(i))));
N_c(i)=mg+m*d2y_dt2(i)-Na(i)*(cos(B(i))-Muu*sin(B(i)))-
Tm2(i)*(G*Eff/r)*sin(B(i));

Tm2(i)=(m*d2x_dt2(i)+Muu*N_c(i)+(Muu*cos(B(i))+sin(B(i)))*Na(i))/(G*(EFff/r))
*cos(B(i));
error=(Tm2(i)-Tm1(i))/Tm2(i);
Tm2(i)= Tm1(i)+Tm2(i)*error/4;
Tm1()=Tm2(i);
end
time(i+1)=time(i)+ti;
w(i+1)=d2Q_dt2(i)*ti+w(i);
d2B_dt2(i)=0;
dB_dt(i+1)=d2B_dt2(i)*ti+dB_dt(i);
B(i+1)=35*pi/180;
dx_dt(i+1)=d2x_dt2(i)*ti+dx_dt(i);
X(i+1)=X(i)+dx_dt(i)*ti+0.5*d2x_dt2(i)*ti"2;
dy_dt(i+1)=d2y_dt2(i)*ti+dy_dt(i);
y(i+1)=y(i)+dy_dt(i)*ti+0.5*d2y_dt2(i)*ti"2;



i=i+1;
end
i_end(j)=i-1;
=it

Vé Po Thi

%% Plot

subplot(5,2,1)

plot(time(i),B(i))

xlabel('t(sec)")

ylabel('B(rad)")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title('Angle’)

subplot(5,2,2)
plot(time(i),d2B_dt2(i));
xlabel('t(sec)")
ylabel('d2B_dt2(rad/t"2)")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title('Acceleration of Beta')

subplot(5,2,3)
plot(time(i), w(i));
xlabel('t(sec)’)
ylabel('w (rad/s))

if(time(max(i))>time(min(i)))
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xlim([time(min(i)) time(max(i))])
end
title('Motor Speed’)

subplot(5,2,4)

plot(time(i), d2x_dt2(i));
xlabel('t(sec)")

ylabel(' d2x_dt2(m/s"2")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title('Acceleration of X at center of mass')

subplot(5,2,5)

plot(time(i), d2Q_dt2(i));
xlabel(‘t(sec)")

ylabel('d2Q _dt2 (rad/s"2))
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title('"Motor Acceleration’)

subplot(5,2,6)

plot(time(i),d2y_dt2(i));

xlabel('t(sec)")

ylabel('d2y dt2 (m/s"2)")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])

end

title('Acceleration of Y at center of mass')

subplot(5,2,7)



plot(time(i), Tm2(i));
xlabel(‘t(sec)")

ylabel(‘'Tm2 (Nm)")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title("Motor Torque’)

subplot(5,2,8)

plot(time(i), Na(i));
xlabel('t(sec)")

ylabel('Na (N)")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title('Normal Force at A")

subplot(5,2,9)
plot(time(i),(Tm2(i).*w(i)));
xlabel(‘t(sec)")

ylabel('P_T (W)")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title('Power")

subplot(5,2,10)

plot(time(i), N_c(i));
xlabel('t(sec)")

ylabel('N_c (N)")
if(time(max(i))>time(min(i)))
xlim([time(min(i)) time(max(i))])
end

title('Normal Force at c')
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