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Designing and manufacturing a wall climbing robot model
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ARTICLE INFO ABSTRACT

Potential applications of wall climbing robot are quite numerous,
such as inspection, maintenance and cleaning operations of
civils infrastructures. This robot was devided into 3 parts :
adhedsion part, movement part and control part. This paper
presented the design and manufacture of a robot model which
was suitable for well operating at 0.2 - 0.4 m/s velocity, high
enough adhesion and a adaptive controller. In order to operate
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Ap suét

TOM TAT

Robot leo tudng tran nha cé tinh tng dung cao cé thé ding dé kiém
tra, bdo tri v& lau chiii kinh cac tda nha cao tang. Robot leo tudng
dugc cau tao bdi 3 bo phan chinh: bo phan bam tudng, bé phan di
chuyén va phan diéu khién cho robot. Bai bdo nay trinh bay két qua
thiét ké, ché tao 1 mo6 hinh robot leo tudng va tran nha theo cic yéu
cau vé van téc tién trong khodng tir 0,2 - 0,4 m/giay , v6i do bam di
16n va 1 bo diéu khién phit hgp. Dé hoat dong dude robot , mot co
chu tao ra ap sudt bén dudi robot dugc didu khién bdi vi diéu khién
Arduino. Két qua nghién citu cho thay robot thiét ké dat yéu cau dé
ra, hoat dong t6t & pham vi cac tdoa nha cao tang c6 chidu cao tir 20 -

Bo diéu khién wifi
Robot leo tuong

30 m.
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1. Dat Van Dé

Trong thoi gian gan day, da cé nhing yéu cau
manh mé vé viéc sit dung robot trong cudc séng
nhu lau don, kiém tra két cAu kién trac, didu kien
ve am moc, bé mat vat liu toa nha cao tang, hoic
vi trf khé di chuyén dén. Ngoai ra déi v6i quan
su viéc quan sat phong thiu, giam sat va chéng
khting b6 tit trén cao 1 hét stc can thiét. Hau
hét céc robot di dong ngay nay chii yéu chuyén
dong trong mat phing 2D hoiic trén khong ma
khong c6 kha nang leo tuong. Robot leo tuong
14 mot thiét bi sit dung trong nhiéu tng dung
trong thuc té .Nhitng robot nay hoat dong dudc
tryc tiép & nhitng noi nguy hiém trong nhitng moi
truong hoat dong hiém trd nhu leo thing ding &
cic tdoa nha , cong trinh cao tang ...

Co rat nhiéu nghién citu trude day dé giai quyét
van dé nay lien quan dén viéc di chuyén va kha
ning bam ctia robot. Cac dang di chuyén robot da
dugc nghién citu c6 thé ké ra 1a : robot di chuyén
theo kiéu chan, st dung gidc hit chan khong cé
tinh linh hoat & nhiéu dia hinh khac nhau nhu
bé mat kinh, c6 thé thay thé bing dinh hoic gai
dinh v6i bé mit gd ghé, uu diém ciia dang nay

14 c6 thé di chuyén trén timg bé mit, linh kién
dé kiém, chi phi thap, tuy nhién co cau phiic tap
trong chuyén dong,phai thay déi bo phan bam
dinh thudng xuyen(Nishi & Miyagi, 1993; Love
& ctv., 2006; Li & ctv., 2009). Robot di chuyén
kiéu banh xe, khung xe st dung lyc hat tit tinh
¢6 thé gitp robot van hanh trén bé mit ton hoic
thép, wu diém cta kiéu nay 1a c6 thé di chuyén
trén bé mat kim loai, co cau thiét ké don gian,
dé dang diéu khién, nhuge diém ctia dang nay
14 kh6 khin trong ché tao banh xe tir tinh,robot
khong thé di chuyén trén bé mit khong chiu anh
hudng béi tit tinh (Kim & ctv., 2005; Johnson &
Suid, 2015). Robot di chuyén theo kiéu banh xe
¢6 uu didm la chuyén dong lien tyc trén bé mit
phang ,nhanh, dé dang véi cac tng dung nhu lau
chiii kinh céc nha cao tang (Love & ctv., 2006;
Sangbae & Matthew, 2007). Phuong &n st dung
robot ¢6 méy bom chan khéng dé tao ap luc can
céc linh kien 1a may nén khi, bo phan diéu khién,
dong cg DC ciing co cau cac van khi, solenoid,
diém tiép xic 1a céc tAm hut ¢6 vu diém la kha
nang bam hit cao, di chuyén trén nhiéu bé miit
tuy nhién c¢6 nhuge diém 1a co ciu thiét ké kho
khan, can phai c6 6ng tai khi tit may nén dén
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robot nén pham vi di chuyén hep, diéu khién phitc
tap (Shen & ctv., 2005; Michael & William, 2006;
Jiang & ctv., 2009).

Noi dung ctia nghién cttu nay la:

e Chon bo phan bam va dich chuyén phit hgp
dé thyc hién cong viéc lau chiii dat ning suét.

e Thiét ké, ché tao bo diéu khién phu hop dé
robot ¢6 thé hoat dong tét & pham vi chiéu cao.

e Tinh todn chon bo phan nang lugng pin giap
dam béo thoi gian lam viéc cho robot.

Robot leo tuong ding ki thuat vé6i mot co cau
tao tao 4p suat cao nhung nhé gon, khic phuc
duge nhitmg khuyét diém & trén cling véi kidu di
chuyén banh xe gitp robot di chuyén nhanh gon,
thich hgp cho cong viéc lau chui kinh cta céc toa
nhd cao tang dudc dé cap dén trong nghién citu
dusi day. Xay dyng 1 bo diéu khién khong day
cling v6i ngudn ning lugng pin lipo da 16n gitp
ciing dugc thyuc hién trong nghién ciu nay.

2. Vat Liéu va Phuong Phap Nghién Ctu
2.1. Vat liéu
Dong co hit tao ap suét 1 cic dong co dé tim

thay trén thi truong dap tng du yéu cau tao luc
hat bam cho robot (Hinh 1).

Hinh 1. Robot diing dong co tao ap suét.

Dong co hoat dong cho robot la cac dong co
DC ¢8 nho, c¢6 téc do dap tng nhanh.

Ngudn ning lugng pin lipo c6 cong suat 16n
dugc chon lya.

Bo diéu khién phit hgp cho robot hoat dong &
tam 20-30 m 13 vi mach thu nhan séng wi-fi ESP
8266, dé dang giao tiép véi vi diéu khién ardruino.

Céc module didu khién dong co, mach cong
sudt 1& céc linh kién dé& tim trén thi trudong dé
dé dang thay thé.

2.2. Phuong phap nghién cttu
2.2.1. Phuong phap nghién citu thiét ké, ché tao

Tit yéu cau can thiét ké mot robot c6 khoi
lugng nhé m = 1- 1,5 kg ¢6 kha nang leo cao & céc
toa nha cao tang véi chidu cao tit 20 — 30 m, chay
6n dinh chdc chdn trén mot mit phing thing
ditng nhu 13 mat kinh, robot duge gin chéi lau
dugc thiét ké phia bén dudi robot nén di chuyén
van téc di cham v = 0,2 - 0,4 m/giay, robot c6
thé dugc diéu khién mot cdch min mang, cé thé
lap di lap lai ¢6 chu ky duong da lau, thoi gian
hoat dong dugc tam 10-15 phit cho méi lan thay
nang lugng pin.

Duya trén yéu cau thiét ké, ché tao dé lya chon
cac thong s6 nhu: dong cd tao ap suat bam, bo
diéu khién thich hgp, ning lugng pin hoat dong.
Dura trén yéu cau vé van toc tién, dién tich lau
chii dé lyra chon duong kinh chdi lau, dudng kinh
banh xe, khung robot.

2.2.2. Phuong phap khao nghiém

Robot dugc khdo nghiem tryc tiép tai toa nha
Thién Ly - Truong Dai hoc Nong Lam TP. Ho
Chi Minh.

Thoi gian hoat dong cta robot duge do qua
bo dinh thoi tryc tiép ctia bo diéu khién, quang
dudng hoat dong dugc do theo phuong phap ké
vach truc tiép véi sai s6 1 mm.

Van tbéc tién va dién tich lau chui ctia robot
dudc tinh toan qua cac thong s6 da do.

Khao nghiém robot nhiéu lan dé lay danh gia
tinh 6n dinh va lay s6 liéu trung binh.

3. Két Qua va Thao Luan
3.1. Luya chon vat liéu dé ché tao robot

Sau khi tim hiéu cac thiét ké da co tac gia
quyét dinh chon phuong an st dung dong co hit
tao ap suat hat 13 thanh phan git Robot trén bé
mit, 6 day chon dong co Electrics Ducted Fans
(EDF) duong kinh 70 mm, s6 vong quay trén vol
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la 4500KV st dung drive ESC 60A c¢6 ngd ra
5V cap cho vi diéu khién. St dung ngudn Lipo
4 cell 5500 mAh cap cho toan hé théng, dong
c6 mini N20 v6i hop giam tbc ti sd 1:150 hoat
dong vé6i dien ap tut 3 — 12V thong qua drive
TB6612 dong ra lien tuc 1,2A va chuyén déi DC
— DC LM2596 3A dien 4p diéu chinh dudc. Banh
xe 4mm, khung nhém va mica. Robot dugc diéu
khién bing ESP8266 va mach Arduino Nano.

3.1.1. Tinh toan ly thuyét cho robot

Dua vao diéu kién ban dau ctia robot moé hinh
robot v6i khung va cac banh di chuyén dé viét
phuong trinh dong hoc cho robot sau dé ap dung
cong thic Euler-Lagrange cho khung xe robot.

Mo hinh hé toa do ctia robot dugc trinh bay
nhu Hinh 2:

Y poViR)

-r.-%[l:l |

Hinh 2. Hé toa do trén mo hinh robot.

x, y: toa do trong tdm cia robot

v(t), w(t): van tdc dai, goc clia robot

Mec, Mw :khdi Iwgng truc robot, banh xe

Re, Rw: ban kinh truc robot,banh xe

Ic, Iw : caAc momen quan tinh robot, banh xe

Stt dung phuong trinh Lagrange II dé tinh toan
dudge van toc va gia tdc clia robot khi leo tuong,
theo Michael & ctv. (2016) ta dugc cong thiic
tinh gia téc dai va gia téc gbc ciia robot khi hoat
dong leo tuong la:

o(t) = %wa(l) + %wa(r)

o(t) = chb(l)};Cwa(r)

Tit 2 phuong trinh doi héi gia toc dai, gia tdc
géc clia robot yéu cau khi hoat dong phu thuoc
vao ban kinh banh xe, ban kinh khung robot , gia
tdc goc ciia banh trai va gia téc géc clia banh xe
phai.

3.1.2. Két qua thiét ké co khi

Robot dudc thiét ké dira trén phan mém solid-
works ctia cong ty Solidworks Corp.

Ban vé chi tiét thiét ké va danh muc cac thanh
phan theo ban vé Hinh 3 v Bang 1 bén dudi:

Bang 1. Danh muc bang vé thiét ké

STT Ten
1 Khung
2 N20-1:150
3 Gia N20
4 Tam Dem
5 Banh xe
6 Canh Quat Hut.
7 DC Hut
8 Khung DC Hut
9 Gia gita
10 Gia Trén
11 Vanh Khung Quat
12 Gié Pin
13 HX-SHCS 0.073-72X0.5625X0.5625-C
14 HX-SHCS 0.138-40X2X1-N
15 MSHXNUT 0.073-72-S-N

3.1.3. Két qua thiét ké bo diéu khién

Bo diéu khién robot dugc thyc hien thong qua
song wifi dung vi mach ESP 8266 1a 1 vi mach
dé tim gitip robot c6 thé hoat dong tét & khoang
cach xa, ngoai trdi trén cac toa nha cao tang dap
ing dugc yéu cau thiét ké. Bén canh dé, vi mach
ESP8266 con lien két duge véi adruino 1a 1 vi
diéu khién lap trinh dugc, gitp lien két véi céc
module diéu khién dong co banh xe mot cach dé
dang.

Giai thuat diéu khién robot Hinh 4 cho thay
tin hiéu sau khi truyén qua séng wifi dén bo dicu
khién, tin hieu dugc giai ma va xuét tin hisu diéu
khién cac dong co trai va phai ciia banh xe dé
dong co hoat dong nhu mong mudn.

Dé ngudi st dung cé thé dé dang didu khién
duge robot, mot giao dién diéu khién nhu Hinh 5
ciing duge thiét ké gitp ngudi ding c6 thé quan
sat duge cac thong s6 khi hoat dong ciia robot
nhu s6 vong quay dong co, tinh trang hoat dong
cltia robot.

Két qua thiét ké ché tao toan bo mo hinh diéu
khién nhu Hinh 6.
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Hinh 3. Ban vé thiét ké mo hinh robot.

3.1.4. Thiét k& bd phan ning ludng pin

Toan hé théng dudc cip ngudn théng qua
ngudn pin Lipo 4 cell nudi toan b6 mach diéu
khién va dong co thong qua mach BEC 5V va
mach chuyén dien ap DC-DC LM2596 dimg dé
diéu khién quat hat ap suit.

I = Idongco + Imachdieukhien + Iquathut
2+14+30
= 33 Ample

Dung lugng pin C=5500 mAh, thsi gian st
dung robot: T = C/I x 60 = 10 phut.

Thuc té robot hoat doéng trong tam 8-10 phit
13 gan dung két qua véi 1y thuyét tinh toan.

3.1.5. Két qua khao nghiém robot

Dé danh gia hoat dong ctia robot sau khi thiét
ké toan bo robot, tic gid cho robot hoat dong &
3 ché do, mdi ché do tién hanh do 3 1an vé thoi
gian quang duong hoat dong.

e Ché do hoat dong bam tuong chay tu dudi
lén trén: ta c6 két qua Bang 2 va dd thi Hinh 7.

e Ché do bam tuong chay tit trén xudng: ta c6
bang két qua Bang 3 v do thi Hinh 8.

e Ché do bam tran nha: ta c6 két qua Bang 4
va do thi Hinh 9.

Sau qué trinh thiét ké va viét chuong trinh diéu
khién cho robot ciing nhu tién hanh khio nghiem
cho robot hoat dong & ca 2 ché do: ché do leo bam
tuong va ché do bam tran nha (Hinh 10). Két qua
cho théy robot hoat dong kha t6t trong pham vi
c6 song wifi diéu khién ,quang dudng robot dich
chuyén trong ci 3 lan do la twong déi én dinh,
van téc hoat dong theo trén bang khio nghiém
tit 15 - 30 cm/giay thich hgp cho yéu cau thiét ké
v6i ing dung lau chii ctta kinh. Vé6i két qua khao
nghiém, quang dudng robot c¢é thé di chuyén sau
13 s & ché do bam tuong tit dudi len 1 193-195
cm, thdoi gian clia robot hoat dong theo tinh toan
la 10 phit = 600 giay tuong duong quang dudng
6 thé lau kinh 1a 90 m, diéu nay c6 thé thich hop
cho viéc lau chiti ¢6 lip lai cdc tdoa nhd cao tang
tit 20-30 m nhu yéu cau thiét ké.

4. Két Luan

Mot mo hinh robot leo tugng tran nha da duge
thiét ké ché tao v6i khoi lugng nhé m = 1,2 kg,
trong d6 ¢6 bo phan bam 1a 1 dong co tao ap
suét 16n ciing v6i bo didu khién tit xa qua séng
internet.

Két qua khao nghiém cho thiy dugc tinh én
dinh clia robot qua 3 lan do, robot hoat dong
bam t6t trong pham vi cic tda cao tang tit 20 -
30 m, van t6c hoat dong vao khodng 20 cm/giay.
Robot hoat dong mugt ma trong pham vi song
wifi t6t, c6 kha nang lap lai dudng lau. Tuy nhién
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Khdéi tao
két néi wifi

| s

Két noi
tu client
D
Doc dit lieu dieu D | Doc dit lieu diéu
g khién tit client khién tit client
S

D | Doc dit lieu diéu
S khién tir client

‘ Doc dit lieu diéu
‘ khién tit client

Hinh 4. So dd giai thuat diéu khién robot.
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Bang 2. Thdi gian vi quang dudng robot & ché dé bam tudng tit dusi lén
Thai gian (s) 0 1 2 3 4 5 6 7 8 9 10 11
Lan 1(cm) 0 14 31 45 60 76 90 104 119 133 148 163
Lan 2 (cm) 0 15 29 44 58 73 89 104 120 134 148 162
Lan 3 (cm) 0 15 28 43 58 73 88 103 121 133 147 163
Trung binh (em) 0 14,6 29,3 44 583 74 89 1036 120 133,3 147,6 162,6
Bang 3. Thdi gian vA quang dudng robot & ché do bam tudng tit trén xubng
Thoi gian (s) 0 1 2 3 4 5 6 7 8 9 10 11
Lan 1 (cm) 0 23 47 70 94 117 141 164 187 209 232 254
Lan 2 (cm) 0 22 46 69 92 116 140 162 184 207 230 250
Lan 3 (cm) 0 22 47 68 93 116 140 163 185 210 232 254
Trung binh (cm) 0 223 46,6 69 93 116,3 140,3 163 1853 208,6 231 2526
Bang 4. Thdi gian vA quang dudng robot & ché do bam tran nha
Thai gian (s) 0 1 2 3 4 5 6 7 8 9 10 11
Lan 1 (cm) 0 23 47 70 94 117 141 164 187 209 232 254
Lan 2 (cm) 0 22 46 69 92 116 140 162 184 207 230 250
Lan 3 (cm) 0 22 47 68 93 116 140 163 185 210 232 254
Trung binh (ecm) 0 223 46,6 69 93 116,3 140,3 163 1853 208,6 231 2526
200
WallBot Control Panel 0 10
Test Motors Viaring: Diconmectes a
E 140
Wheel Controlier b 130
Absoart Us Systern Settmgs @ 120
j System information EDF Controfier E 100
Lipo battery: 0% Tum 08 g
Fi) [P (2R s oFiw | | EFnm g
- 'L: EDFIEN | | EDF1EM 49 I'I ﬂ
O —— : ) I-I
DREM e Custom g '1
1 2 3 4 5 6§ 7 8 9 W M 1 B
e 30 o i T T P W00Bn1 WDoBn2 WooBa3 MO oanis)

Hinh 5. Giao dién diéu khién cho robot.

Hinh 6. Cac thanh phan diéu khién.

Hinh 7. D5 thi Robot hoat dong bam tudng dudi

lén.

250

ang Burdmg (cm )
& g2

g

Qu

EPoldnl WPolin2 EbPolEn3

50
o_mﬂ”
1 2 3 4

Thai Gian (s )

il H

Hinh 8. D5 thi Robot hoat dong bam tudng dudi

lén.
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Quing Budmg { em |
s

_-ail]

Théxi Glam { 5}

EbolEinl ®Dofin2 Poldn3

Hinh 9. D6 thi Robot hoat dong bam tran.

Hinh 10. Khéo nghiém robot tai Truong Dai hoc
Nong Lam Thanh phé H6 Chi Minh.

robot van con han ché 13 thsi lugng pin chua du
16n dé lam viec lien tuc thsi gian dai, bo phan
lau con don gian, robot hoat dong chap chon khi
séng wifi yéu.

Day 13 buéc dau nghién ctu cho cac mé hinh
robot leo va bam tudng diéu khién tit xa khong
day, c6 thé phat trién thém cho robot cic ing
dung thuc té nhu: nang cao thoi lugng pin dé
robot hoat dong lau hon, gdn thém bo phan cong
tac chdi lau gitp lau kinh cac toa nha cao tang,
thém camera dé robot c6 thé truyén vé cac hinh
anh ctia cédc khe tuong bi nit , hodc cac dudng
ong bi hu tai nhimg vi trf md con ngudi khong
hodc kho c6 kha nang di chuyén dén duge (Hinh
11).

Hinh 11. Robot lam viéc 3 ché do leo kinh.
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