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ABSTRACT

In design and manufacture research of mobile robot with capable of climbing stick on walls
and ceilings, the biggest challenge is set robot must be able to cling with the wall for cracks or
small gaps, not dirty walls, can stick on the different surfaces. With these challenges is the
commonly used methods such as vacuum aspiration, using glue or other adhesive to stick,
simulating biological from climbing animals, using techniques of magnet... can not respond. So
the main objective of the project is to research the design and manufacture of wall climbing
robots using non-contact suction method. The main contents of this method using air source is
supplied from the compressor, run through the suction mechanism is designed to speed up the air
flow velocity is very high and thus will create low pressure areas can adhesion the wall. This
method can solve the problems and challenges mentioned.

TOM TAT

Trong nghién ctru thiét k& va ché tao robot di dong c6 kha ning leo bam trén tuong, tran
nha thi nhitng thach thirc 16n nhat dit ra 13 robot phai co thé bam duogc khi gip tudng co vét nut
hoic khe hd nho, khong 1am ban bé mit tuong, c¢6 thé bam dugc trén cac loai bé mat khac nhau.
Vi nhiing thach thirc d6 thi nhitng phuong phép thuong hay sir dung nhu: gidc hut chan khong,
dung keo hodc cac chat dinh két dé bam, mo phong sinh hoc tir nhitng loai dong vat leo tréo,
dung ky thuat tur tinh... khong thé dap Gmg dugc. Vi viy muc tiéu chinh cua dé tai la nghién ctru
thiét ké va ché tao robot leo tudng st dung phuong phap hat khong tlep xuc. Noi dung chinh cua
phuong phap nay la lay ngudn khi duoc cap tir may nen khi, qua co cau hat duge thiét ké dé day
van toc dong khi 1én rat cao va tur do s€ tao ra vung ap sudt thip c6 kha ning hut teong. Phuong
phap nay c6 thé giai quyét duoc nhimng kho khin va thach thirc di néu.

don trong thoi gian dai thi rdt mdi ¢, mdi mat
va deé bi chong mat.

I. GIOI THIEU

Ngay nay, Robot dwgc nghién ctru rt

nhiéu dé phan nao co thé thay thé stc lao dong
ctia con ngudi. Tuy nhién c¢6 mét van dé duogc
dit ra va dang 1a thach thirc d6i véi ngudi lam
Robot d6 1a phai thiét ké mot con Robot leo
tuong, leo tran nha dé quét don va lau chui
(thudng 13 vao nhitng dip 18, tét cd truyén nha
nha phdi quét van nhén, lau la phong, lau tran
nha). Cong viéc nay tir trude dén nay thi con
nguoi van phai thuc hién bang tay va cong
viée ciing kha vat va, boi vi khi ching ta dimg
dudi san nha ma ngudc miat nhin 1én dé quét

Trudc yéu cau thuc té néu trén, dé tai
“Nghién ctru thiét ké va ché tao robot leo
tuong, tran nha” duoc thuc hién nham dé ché
tao ra robot co thé thay thé con nguoi thuc
hién cong viéc quét van nhén, lau chui la
phong, trin nha.

ILUNGDUNGNGUYENLY
BERNOULLI TAO RA CO CAU HUT
Khao sat dong khong khi chuyén dong bén

trong ong dan nhu hinh 1.
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Hinh 1: Khong khi chuyén dong trong 6ng dan.

Phuong trinh Bernoulli cho dong khi chuyén dong giira hai mat cat [1].
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Trong do:

p-Ap suat tinh, [N/m ].

(1)

v - Van téc chuyén dong ctia khong khi trong dng dan, [m/s].

y = p.g - Trong lugng riéng cua khong khi, [N/m?].

p - Khéi luong riéng ctia khong khi, [kg/m’].
h - B0 cao tinh tir mat phang quy chuan, [m].

Ap - Ton thét ap suat khi dong chay di tir mat cat (1 — 1) dén (2 - 2).

Phuong trinh (1) duoc viét cho dong khi 1y tudng, con dbi voi chat khi thyc thi khd phire tap. Do
muc dich nghién ctru la tim ra nguyén 1y hat de g dung vao viéc ché tao robot leo tudng nén ta
gia thiét rang chét khi 1a Iy tuong va bo qua ton that ap suit. Vi vay phuong trinh (1) dwoc viét

lai.

&"'ghz
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(2)

Neéu ong dat nam ngang hodc khong cd su chénh I¢ch nhicu vé d0 cao cua hai diém xét thi

phuong trinh (2) dugc viét lai:

2

p%+p=const 3)
Phuong trinh (3) cho théy rﬁng van tbe v va ap sudt Dongkhi théi.
p ti 1¢ nghich v6i nhau. Van tbc cang tang thi ap ! ‘
suat trong Ong s&€ cang giam dé luon luén dam bao | o
vé phai 1a hang sb. (— — =
T == & ~_
bé véan dung va phat trién tmg dung nguyén ly nay, : ﬂ el

ta tién hanh mot thir nghiém don gian voi thiét ké
nhu sau: gia cong mot dia tron bang nhém duong
kinh @30 [mm], day 2 [mm], tai tim dia co lip
ghép mét chi tiét try &5 [mm] (cung vat li¢u). Tai
tam cua khoi chi tiét lap ghép nay ta khoan mot 10
nho duong kinh @1 [mm]. Ap suit 6864655 [Pa]
dugc cép vao dau try &5 [mm] tir mot 6ng dan khi
@8 [mm] va miat dia duoc dit ap tuong, két qua la
ap suat dugc phan bd nhu do thi 1.

s
Y
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Vi tri trén m&l dia [mm]
= Guing phén b6 dp sult

Do thi 1: Phan bd ap suat trén bé mat dia.
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III. THIET KE CO CAU HUT

Qua két qua mo phong thi nghiém & do thi 1, ta thdy phia dudi mit dia ap suit giam nén co
thé van dung nguyén ly nay dé thlet ké co ciu hut tuong cho robot. Trong phan nay, dé dé so
sanh cac kiéu thiét ké va cai tién thiét ké ta mo phong & cling ap suit p = 686465,5 [Pa] = 7
[kgf/cm?].

3.1 Thiét ké ban dau

Véinguyén 1y ting van toc thi 4p suét giam, ta thiét ké co ciu hit nhu hinh 2

m
gD

-

Hinh 2: Co c4u hut duoc cap khi theo phuwong ngang.

Trong do:
A - Noi cung cap khi nén tir may nén khi.
B - Cua thoat khi.
C — Chdt diéu chinh khe hd miéng voi.
D - Péi twong can hut (c6 thé 13 tuong hoic tat ca cac bé mit phang).
E - Miéng voi phun.

Mo phong v6i ansys cho két qua nhu bang 1 va hinh 3.
Bang 1: Két qua mo phong co ciu hut.

Luwc hit [N] | Luu lwong [/ph]

15,7289 314,47

Hinh 3: Ap suit trén mat d6i xtng.
3.2 Cii tién thiét ké cho co ciu hit.
3.2.1 Cdi tién tinh céng nghé.
Phan tich tinh céng nghé:
e Vi khi dugc cap theo phu’ong ngang nén than co cdu hat phai

du day dé 1ap ghép dau nbi khi nén. Do d6 ta c6 the thiét ké
cap khi theo phuong dimg dé giam bé ddy than co ciu hit.

e Bén trong than co cu hut c6 doan tru dé lép chdt, doan tru
nay dit bén trong s& rat kho gia cong nén ta s& dua doan tru
ngay ra ngoai.

e Thay vi dung 10 xo dé déy than chét kin khit khong cho khi
thdi ra ngoai thi ta co thé gia cong hai ranh trén than
chét dé 1ap vong chin khi bang cao su.

Hinh 4: Co cAu hat da duoc cai tién.
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Viy ta s& thiét ké lai co cAu hat nhu hinh 4. Két qua mé phong ap suat thé hién ¢ hinh 5, mé
phong van toc thé hién ¢ hinh 6.
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Contours of Static Pressure (atm) Velocity Vectors Colored By Velocity Magnitude (m/s)

Sep 22, 2012
ANSYS FLUENT 12,0 (3d, pbns, rke)

Sep 22,2012
ANSYS FLUENT 12.0 (3, pbns, rke)

Hinh 5: Ap suit trén mat dbi ximg. Hinh 6: Van téc trén mat d6i xtmng.

So sanh giita 1an thiét ké ban dau va sau khi cai tién, thé hién & d6 thi 2.

450
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50

411.8425192

314.4730794

o Thiét ké ban dau

® Sau khi cai tién

15.7289 22t Ul

Luc hut sinhra [N] Luu lwong [lit/ph]

Do thi 2: So sanh két qua thiét ké ban dau va sau khi cai tién.
3.2.2 Thay déi vi tri ddt miéng voi theo phwong dirng.
Trudong hop 1: Mit dudi chdt didu chinh ddt 4m sau bén trong (hinh 7).
Trudng hop 2: Mit dudi chét diéu chinh dat ngang mit day (hinh 8).

Hinh 7: Miit dwéi chét diéu chinh dit Hinh 8: Miit du6i chét didu chinh dit
am siu bén trong ngang mat day

Két qua so sanh truong hop 1 va trudng hop 2 thé hién & d6 thi 3.

A0 454.9495191
450 118425192
400

350
300
250
200
150
100

B Mt dudi chét didu chinh
dat ngang mat day.

B Mt dudi chét didu chinh

dat am sau bén trong.

~7 1004 43-8155

Luc hut sinhra [N] Luu luong [lit/ph]

Do thi 3: So sanh két qua thay doi thiét ké & truong hop 1 va trudng hop 2.
3.2.3 Thay déi vi tri dt miéng voi theo phwong ngang
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Truong hop 1: Voi dat sat trong (hinh 9).
Truong hop 2: Voi dat ¢ gitra (hinh 10).
Truong hop 3: Voi dat sat mép ngoai (hinh 11).

A b el

Hinh 9: Voi dat sat trong Hinh 10: Vi dat ¢ giita. Hinh 11: Vo1 dit sat mép
(vanh mép lon). ngoai (khong con vanh mép).

Két qua so sanh vé luc hit sinh ra va luu lugng khi cAn cung cip ciia ba trudng hop.

100 700
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B g 2 600
< 10 -l S 500 : ,
E_ 60 / g ——Vo1dat sat ngoai
fa o [T N £ 400 7‘“& -B-Voi dit & gitia
) ;‘0 ——Voidat sat ngoai B PR
== 3 7‘7"4 Wi dit 6 gitra £ 30 7"&*—%1@ sdt trong
£g O L I )
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= 10 2 100
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45 5 55 6 65 = 0

45 5 55 6 6.5
Ap suéit céip vao [kgf/cm?]

Ap suat cap vao [kgf/em?]

Do thi 4: Lyc hut sinh ra ctia 3 truong hop bo th; S: Luu hvrc_)'n‘g‘khi can cung cap cua 3
dat voi theo phuong ngang. truong hop dat voi theo phuong ngang.

3.2.4 Thay doi hinh ddng miéng voi.
Truong hop 1: Miéng voi dugce vat canh.
Truong hop 2: Miéng voi dugc bo tron.

Hinh 12: Miéng voi dwgc vat canh. Hinh 13: Miéng voi dugc bo

Két qua so sanh hai truong hgp miéng voi dugce bo tron va vat canh dugce thé hién & dd thi 6.
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4581905391  454.9495791
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B Bo tron.
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B Vat goc.

100 37239

o 43,9991

Luc hit sinhra [N]

Luu lwong [lit/ph]

Do thi 6: So sanh thay dbi thiét ké cua 2 truong hop miéng voi bo tron va vat goc.

3.3 Nhén xét va két ludn

Nhimg diém nhén xét quan trong dé c6 thé tao ra dugc co ciu hut tot nhat:

e Miéng voi nén dat sat mép ngoai, tic la
e Mat dudi chot diéu chinh nén dat ngang

co cau hut s€ khong c6 vanh mép.
v6oi mat ddy co cau hat, diéu nay c¢6 nghia 1a nén ha

thap vi tri miéng voi xudng murc thap nhit co thé (gan mit day).

e Miéng voi nén dugc bo tron.

Tuy nhién, véi co cdu hit khong c6 vanh mép va b tri mat duéi chét diéu chinh ngang véi miat day
co cau hut thi khi hit co cau bam sat vao mat tuong hon so voi thiet ké co cau hut c6 vanh mép va
mi¢ng voi dat am sau bén trong (thé hién & do thi 7 va do thi 8).
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Khodng cach tir mat day co chu hat dén mat tuong [mm].
——Duong biéu dién luc hit.

Do thi 7: Luc hat sinh ra tai nhitng khoang
hé tuong khac nhau d6i véi co cAu hat
khong c¢6 vanh mép va bd tri mat dudi
chét diéu chinh ngang v6i mit day co cau
hat. (md phong & ap suét p = 4 [kgf/cm?])

Co céu hit sinh ra lyc hut 16n ¢ khoang ho
tuong nho (dd thi 7) thi rat kho ap dung cho
robot leo tuong bdi vi ly do sai s6 ché tao, do
khong phing cua mit tuong... ma than robot
mang co cAu hat kho dam bao c¢d dinh duoc
khe hé nho d6. Bé ap dung cho robot leo
tuong thi co cdu hut tudng phai 1a co cdu hut
khong tiép xtic (bd tri chdt diéu chinh am sau
bén trong, goc canh tai mi€ng voi phun dugc

bo tron va cd vanh mép) duoc thiét ké nh
hinh 14.

IV. PONG HQC ROBOT

Do thi 8: Lyc hiit sinh ra tai nhitng khoang
ho tudng khac nhau déi véi co cau hat co
vanh mép va bd tri mat dudi chdt diéu
chinh am sau bén trong. (m6 phdéng & ap
sudt p = 7 [kgf/em?])

u

Hinh 14: Co c4u hut khong tiép xic
str dung cho robot leo tuwong.
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Khao sat robot thiét ké dang dai (xich) chuyén dong theo quy dao cong nhu hinh 15.

ICR e quy dao dwimg di

Hinh 15: Phan tich dong hoc robot.

Véi cac thong sb

Ve — Van tc caa Robot tai tam G.

V;— Van tdc ctia banh xich (dai) bén trai.

V,— Van tdc ciia banh xich (dai) bén phai.

r — Ban kinh ctia banh xe mang xich (dai).

@, - Van toc goc cua banh xe bén trai.

@, - Van tdc goc cuia banh xe bén phai.

R — Bén kinh cong tic thoi cua quy dao duong di.

@ - goc quay clia robot quanh cuc hay goc quay cua hé quy chiéu (x,y) so voi hé quy chiéu

X,Y).
Taco: g = Vi
W
2
: 4
0=—-~=
R+E
2
Tur (4) va (5) ta suy ra:
oY=V
W
rR= V4V
2V, -,

Van tdc caa robot tai tim G:

4)

)

(6)

(7)
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X:VG:H'.R:V’;V’

®)

@,
o] ®
a)r

Vay ta c6 hé phuong trinh:
I
0 0

Phuong trinh dong hoc cho robot:

b
y:
0

X cosd —sind P||x
Y |=|sin@ cos@ Q||y (10)
1 0 0 1|1
' X| [xcos@+P
= = .
Y | x.sin@+Q
X | cosd cosf@ P | o
oY :g sind sinf Q|| o
1 0 0 11

Truong hop téng quét, & thoi gian thyc t ta co:

{X(z)} ) {xm.cos(e(t)) +P(t)}

Y() | | i(@).sin(6(c))+0(1) (1)

V. KET QUA NGHIEN CUU
Théng sb k¥ thuét:
Khéi lwong robot m = 1,5 [kg].
Chiéu dai: 342,76 [mm].
Chiéu rong: 187 [mm].
Chiéu cao: 86,64 [mm].
Ap suét cip vao p = 7 [kgf/em?].
Téc d6 di chuyén: 0,05 [m/s].

Hinh 16: Robot leo tuong quét van nhén, bui ban.
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