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PHAN TiCH VA THIET KE ROBOT LAN KHONG NGUOI LAI
STUDY ON ANALYSIS AND DESIGN OF AN AUTONOMOUS
UNDERWATER VEHICLE (AUV)

Tran Ngoc HuyY, Dinh Quang Vinh?
Truwong DH Bach Khoa TP. Ho Chi Minh, tnhuy@hcmut.edu.vn
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Tom tdt: Bai bao gidi thidu vé thiét bj lan khong nguoi 1ai (AUV) sik dung co cdu lan nai tich hop
xylanh va doi trong, dwroc xay dung theo timg module riéng tir thiét ké co khi, hé thong dién cho dén
xay dung gidi thudt diéu khién cho thiét bi dé @am bao thiét b hoat d@éng lién tuc mét thoi gian dai ¢
dé sdu 20 mét nudc. NGi dung chinh sé trinh bay tinh todn bién dang vo tau; lxa chon vt liéu vo; tinh
toan va md phdng #ng sudat, bién dang trén vé tau va cac ndp day chong tham bdang phuwong phdp
phan tich phan ti hitu han véi module tich hgp trong phan mém Solidworks; phén tich va lya chon
phuwong an bé tri xy lanh - dai trong. Ngoai ra, viéc thiét ké hé thong diéu khién cho robot ciing duoC
dé cap va lam rd thong qua lva chon thiét bi cam bién, co cau chap hanh va thiét ké phan ciing dé
dam bdo kha ndng hoat dong 6n dinh cho robot lgn.

Tar khoa: AUV, structure of diving/ floating, waterproof, thruster.

Chi sé phan logi: 2.5

Abstract: This paper presents the design of the autonomous underwater vehicle (AUV) with a
built-in cylinder for floatation and counterbalance. The modular structure including mechanical
design, eletronic system and control algorithm ensures countinous operation for the vehicle at a depth
of 20 meters underwater. The main content will focus on calculating ship hull profile and material
selection; computing and simulating stress and distortion on ship hull and waterproof covering using
finite element method with integrated modules in Solidworks 74 analyzing and planning cylinder and
counterbalance arrangements. In addition, the design for control system is also mentioned and

clarified by the selection of sensors and actuators as well as hardware layout to guarantee stable
operation for AUV.

Keywords: AUV, co cdu laninéi, chang tham, thiét bj ddy.
Classification number: 2.5

phat trién tai dai hoc Porto hop tac voi
OceanScan hoat dong ¢ d6 sau 20m, trong 8h
véi van toéc 1,5-2m/s. Autosub6000 cua
Autonomous Underees Vehicle Applications
Center hoat dong ¢ do sau dén 6000m trong
30h véi van téc 5km/h. Slocum Glider ché
tao boi Teledylnemarine khong sir dung dong
co day, co thé hoat dong trong thoi gian dén
vai thang. [3]

Viét Nam 1a mot quéc gia ven bién, c6
duong bd bién dai hon 3.200 km, véi dién

1. Gi6i thigu

Ngay nay, cung véi su phat trién nhu vii
bdo cua nhan loai, khoa hoc céng nghé ngay
mot hién dai, con nguoi dan kham pha va
chinh phuc nhiing bi 4n cua tu nhién. Tuy
nhién, dai dwong van con 1a mét bi an cach
xa tam tay va sy hiéu biét cia con ngudi.
Viéc nghién ciru vé bién, giai ma nhitng bi an
sau trong long dai duong doi hoi nhirng trang
thiét bi hién dai nhu robot lin khong nguoi
l4i, c6 thé ddm minh trong d6 sdu ma nguoi

nhai khong thé nao dat tgi. P& nghién cau
moi truong nudc, khao sat hé sinh thai, tham
dd bién dong cua bién, hay dung cho muc
dich quan su, phong thu va do tham,... nhiéu
mau AUV dugc nghién ctu va phat trién.
AUV Remus 100 cua Woods Hole
Oceanographic Insitution [1] c6 thé lan sau
100m véi thoi gian trén 10h ¢ van tdc
2,3m/s. Lightweight AUV (LAUV) [2] duoc

tich chiém khoang 1.000.000 km2 bién
Poéng. Cac hoat dong kinh té, khoa hoc, du
lich va bao vé chii quyén trén bién dao dong
vai trd hét stc quan trong. Hang loat cong
trinh nhu cau cang, gian khoan, duong ong
dan dau, nha gian da va dang duoc xay dung.
Cung luc phéat sinh nhitng van dé vé tham do,
khao sat va thuc hién cac nhiém vu dudi
nudc, cau ho ctu nan, truc vét... Vi vay viéc
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nghién ctu phat trién céc thiét bj hoat dong ® ® Q 9 Oc¢
du’(:)ri m?rércrla mot trqng‘nhﬁ;ng nhiém vu cap ‘ |
thiet d¢ nam lgi the vé bién va tai nguyén

bién.
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a) Lightweight AUV W

Hinh 2. Co cdu lan/néi ding déi trong.
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b) AUV Remus c) Slocum glider W
Hinh 1. CAc logi AUV hinh dang ngu I6i. ‘ @ @ ® ‘
Bai bao s& tap trung mod ta vé thiét k& ~—= o . P

bién dang véo AUV; md phong ung suat dé et

chon vit liéu va be day vo phu hop; nghién — —

ctru, thiét ké co cu lan ndi; va thiét ké hé N

thong d1eu_lfh|e[1 cho robot lan AUV. Hinh 3. Co cdu Iar]/noz diing 2 xy lanh diéu khién
2. Thiet ke AUV bang 1 déng co

2.1. Luachen y twéng thiét ké.

Thong sb ki thuat thiét ké:

- Bién dang ngu 16i

- Do sau t6i da 20m

- Van téc t6i da 2m/s

- Hoat dong lién tuc trong 2 gio <

- Khéi luong thiét bj 50kg

B¢ dap tng kha nang 1an/ndi cua thiét bj,
nhom tién hanh danh gia cac phuong én thiet
ké 1-5 ng vaéi hinh 2-6, trong do: [4]

Y Hinh 4. Co cdu laningi diing 2 xy lanh diéu khién
: Phan dau AUV bdng 1 déng co két hop déi trong

: Phan than AUV
: Phan dudi AUV C CP gﬁ) Q 9)
: Xy lanh (hinh 4) B -

1
2
3
4
5: éi trong (hinh 2, 4) ‘@ ‘ ®
6
7
8
9

: Mach diéu khién (hinh 3)
: Pin (hinh 3) ="
: Xy lanh (hinh 3, hinh 6)
: Canh duéi (hinh 3, hinh 6)

10: Thiét bi day (hinh 3)

Hinh 5. Co cau lan/néi ding 1 xy lanh két hop doi
trong
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Hinh 6. Co cdu laninéi ding 2 xylanh diéu khién déc
lap
Bdng 1. Pdnh gid cdc phwong dn 1an noi.

Phuong
an
Tiéy 1 2 3 4 5
chuan
Micds |Don | KN |Kha ) Kha ) Kha
R - phac | phac | phuac | phuc
ché tao gian
tap tap tap | tap
Micdo | Bon | Pon *;El","rc Phirc :)(hlac
diéu khién| gian | gian tap tap tap
Bolinh 1 yem | kem | Tét | Tét | Tét
hoat
Kha nang z Tuong | Twong | —« Tuong
phanbé | T |asi | @i | Ot | géi
Kha nang )
gilr can Kém | Tot Khi | Kha
bang

Tu phén tich trén bang 1, nhom nghién
ctiru théng nhat thiét ké AUV theo hinh dang
ngu 161 va lya chon phuong 4n 3 — co ciu
lin/ndi str dung 2 xy lanh diéu khién bang 1
dong co két hop dbi trong (hinh 4).

2.2. Tinh toan bién dang va vé tau

Hau hét cac AUV dang ngu 16i dua trén
bién dang Myring (Hinh 8) véi phan than
hinh try, phan miii va dudi tau s& theo cong
thuc (1), (2). [5]
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Hinh 7. Bién dang Myring

Bién dang phan miii tau:

2
o zi.d.Hﬂj }
2 a

S|

)
Bién dang phan dudi tau:

1 3d tand 2
ro==—d-|—-—=|(x—a-b
)2 {Zc2 c }( )
{%_‘aﬂ.(x_a_bf

C C (2)

Trong do:

reo: ban kinh mat cét ngang tai vi tri x.

d : duong kinh 16n nhit trén mat cat
ngang.

a, b, ¢: lan luot 1a chiéu dai phan mii,
than, duéi AUV.

: gOc tai vi tri dudi tau.

n : Tham sé mii 1am thay d6i bién dang
mili tau.

Céc thong sb kich thudc bao va tham
sd n, 6 duoc chon dua trén viéc tham khao
nhiing thiét ké AUV trén thé gioi va duoc thé
hién tai bang 2. [6]

Bdng 2. Thong sé kich thuréc bao ciia AUV

Thong s6 Gia tri
a 330 mm
b 1300 mm
c 360
d 203.2 mm
n 2
0 25°

Qua tim hiéu cac mau AUV trén thé gioi
cung vai cac phuong tién hoat dong dudi
nude, dic biét 1a moéi truong nudc bién,
nhom quyét dinh lya chon vat liéu nhém hop
kim T6 — 6061 véi co tinh cho & bang 3. [6]

Bdng 3. Co tinh nhém hop kim T6 — 6061

Co tinh
Pobén | Ung suat Hé sb dan
kéo chay Ty lé kéo | nhiét (BTU
(MPa) (MPa) hr.ft.°F)
>310 >270 10% 1160
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Hinh 8. Phdn ddu c6 dinh va ap sudt 1én vé AUV

Phan tich phan tir hitu han bang module
Simulation trong phan mém Solidworks Vi
vo AUV day 1mm, dai 1300mm, duong kinh
ngoai 203,2mm, 2 dau cé dinh bang véch
ngan, ap luc nudéc 0,2MPa & d6 sau 20m
(hinh 8).

Két qua md phong (hinh 9, 10) cho thay
ing suat ti da 1én vo 1a 22,1 MPa << [o¢] =
275 MPa, bién dang téi da 0,038mm. Nhu
vay viéc chon bé day vo AUV phuy thudc vao
kha nang gia cong va thi truong.

won Mises R A L)
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Hinh 9. Truong ing suat Von Mises 1én thanh vo
AUV.

URLS [man

2B6e-002
l 15166002
3186003

- LETTe-DOZ

- 2.557e-002

L 2.207e-002

La1ee-002
L9Re-002
1378002

| a.5Ese03

62936001
2186003

LO00&-030

Hinh 10. Bién dang déo trén than AUV.

Ngoai ra, phai tranh hu hong do qua
trinh hoat dong cd thé va cham véi dong vat
hoac chudng ngai vat. Nhém Iya chon kich
thuge than AUV theo san pham dang 6ng cua
nha san xuat. Puong kinh ngodi D =
203,2mm; bé day t = 3,18mm; duong kinh
trong d = 196,85mm. Tién hanh md phong
tuong tu V6i than day Imm, ta thu duoc két
qua (hinh 11, 12): tng suit téi da 1én than
AUV la 6,8MPa, bién dang 16n nhit
0,0095mm.

URES mm)

9.431e-003

l 8.700e-003

L 7.909e-003
- 7.118e-003
. 6.327e-003

. 5.536e-003

4,745e-003
3.954e-003
. 3.164e-003

. 2.373e-003

1.582e-003
7.909e-004
1.000e-030

Hinh 11. Truong #ng sudt Von Mises tic dong 1én
thanh vé day 3,18 mm

won Mises [N/mm 2 [MPa])
6.808¢+000

6.242¢+000

l 5.676e+000
- 5.110e+000

_ 4.54de+000

_ 3.377e+000
3.41le+000
2.845e+000

2.279e+000

L L713e+000

Hinh 12. Bién dang déo trén than AUV day 3,18mm
Tién hanh phan tich nap chéng tham 2
dau than AUV véi bé day 2, 3, 4 mm (hinh
13) ta thu duoc két qua (hinh 14, 15, 16,
bang 4).

4

Hinh 13. Nap chong tham 2 dau than AUV.

RS i

vom s Rz
I —b e aengen 2. 530es0m1

Hinh 14. Ung sudat va bién dgng trén nap day 2mm.

oo a3 v Mives B3y

—

Hinh 15. Ung sudt va bién dang trén nap day 3mm.
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Hinh 16. Ung sudt va bién dang trén nap day 4mm.

Bdng 4. Gid trj #ng suat va bién dang téi da trén nap.

Chiéu day Ap luc téi da Kich thuéc
mat chan tac dung bién dang toi
(mm) (MPa). da (mm)

2 228,5 3,51
3 101,5 1,06
4 56,8 0,45

Nhu vy ndp c6 bé day 4mm Ia phii hop
Vi yéu cau thiet ke.

2.3. Thiét ké co ciu lan/ndi

2.3.1. Hé piston — xy lanh
_ Cénh dudi

Xy lanh

VS e Honp sé"

Hinh 17. M6 hinh 3D hé piston — xy lanh
Luc doc truc tdc dung Ién xy lanh tinh
bai cong thue (3) bao gdm luc ma sat gitra
O-ring véi thanh xy lanh (4), ap luc nudc tac
dung Ién piston (5), ap luc khi nén trong than
tau khi piston di chuyén (6).

F,=F,-F,—F, 3)
Luc ma sét gitra O-ring va thanh xy lanh:

F.=F +F, (4)
Trong do6:

- F, = f,.L,1a luc ma sat gay ra boi suc
nén caa O-ring.

- fe:
[N/cm]

Lp: tong chiéu dai O-ring
- F, = f,.A 1a lyc ma sat gitra bé mat
tiép xtc cua O-ring va thanh xy lanh:

Iuc ma sat trén lcm chiéu dai

- fn: luc ma sat trén 1cm? dién tich mat
tiép xtc
- Ap: dién tich mat tiép xuc
Lyc doc tryc F, do &p suat nusc (hinh 18):

Trang thai 1 Xy lanh tréng

P, V;( f_

PV,

==

Trang thai 2: Xy lanh Chia ddy nudc

VYV

Hinh 18. Trang thai AUV khi hat, nha nudc.
I:p = p'Apiston (5)

Trong do:

p: Ap suat nuéc (4p suat thuy tinh)

- Apiston: dién tich b& mit piston tiép xuc

nudc

- Ap lyc khinén: F, =P,/ A (6)

Gia sir ddy 1a qua trinh dang nhiét, &p luc
I6n nhat khi piston 1Ui sdu nhat:
RV,=PRV, P, =RV,/V,

Pudng kinh so bd vis me bi diéu khién
xy lanh dugc tinh theo cong thirc (7). [6]

4.13.F,
d, > [——32 (mm) (7
7o ]
Trong d6 [ok] : gioi han chay cua vat
liu
Md-men xoan trén truc vis me:
T-5R (nm) ®)
27, n
GOc vis (Lead angle):
y=arcig| 22| ) ©
Trong do

P : Budc vis (mm)
n1 - hiéu suat. (%)
Tong hop cac thong so kich thuoc bo
truyén vis me bi cho trong bang 5.
Bdng 5. Thong so bg truyén vis me bi

Pn|di| y |np | N| E, | T P
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10 | 10| 10,8 | 95 | 60|1720 | 2,79 | 17,5

M6-men trén truc dau ra hop giam toc:
_ 2T =2.2,79=558Nm (10)

Chon dong co RE — max 24¢mm,
Graphite Brushes, 11W (Part number
222055) véi cac thong sb: U = 15V, hiéu suit
n = 83%, MO men cuc dai Tmax=73Nm,
N=6500 vong/phut.

Chon hop s Planetary Gearhead GP 32
A ¢32mm, 0,75 - 45 Nm, Metal
Version.Véi cac thdng sb trong bang 5, ta
chon 6 bi d& 1 day véi céc thdng sb sau:
duong kinh trong d=10mm, duong Kinh
ngoai D=30mm, chiéu rong b=9mm, kha
nang tai dong 5400N, kha nang tai tinh
2360N.

Chon bac truot cho cum dan hudng
piston: bac truot tu boi tron MPBZ (H7/f7-
8) co kich thudc:

T

hgt

buong kinh  trong d =8H7 =

3 {+0,015
0

buong kinh  ngoai D =12f7 =

—0,016
1040034

Bé day t = 2mm

2.3.2. Pdi trong

i trugt

fongcg
Vis Me

“Ehy

06 fron_g_:"!

Hinh 19. M6 hinh 3D hé doi trong
Péi trong dugc dan dong qua bo truyén
vis me bi, dugc dan hudng trén 2 ti trugt voi
4 6 trugt. Tai trong doc truc vis me:

F, =#P,=01540=6N  (11)

Str dung cac cong thac (7), (8), (9) va
chon theo tiéu chuan, thu dugc cac thong sb
vis me cho ddi trong trong bang 6.

Bdng 6. Thong sé b truyén vis me bi hé ddi trong

Pn|di| y |n| N |E T P

4 110|725|95| 150 | 6 | 4.10° | 0,063

Str dung cung loai dong co vai hé piston
— xy lanh cho hé dbi trong. V&i cac thdng sb
trong bang 6, ta chon 6 bi d& 1 day véi céc
thong s6 sau: duong kinh trong d=10mm,
duong kinh ngoai D=30mm, chiéu rong
b=9mm, kha nang tai dong 5400N, kha nang
tai tinh 2360N.

Cum piston

Thiét bi do vn toc
1

Thiét bi diy

Cum didukhidn  \
canh viy Cum pin
Cum doi trong
Hinh 20. M6 hinh 3D AUV hoan chinh
2.4. Thiét ké thiét bj day
Thiét bj day duoc thiét ké nhu hinh 21
Vi cac thong so ky thuat [7]:
- Cong suat: 300W
- Téc @6 quay: 1200 rpm
- Do sau hoat dong: 100m
- Luc day: 6 kgf
- S6 canh chan vit: 6 canh
- Kich thuéc:
- Chiéu dai: 360 mm
- Dbuong kinh than: 86 mm
- Ngudn vao thiét bi: 48V
- Chéng tham nudc bang khép nbi tir

Chin vit

Néi bng
dao lun

b

Thiin vo
.\'ip chup

3. Hé théng diéu khién AUV
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Robot duoc két ndi véi trung tdm diéu
khién dat trén mat nude (trén bo, trén tau
me...) thong qua hé théng khong day RF va
Sonar, ¢6 nhiém vu truyén lénh diéu khién
ti robot, truyén dit liéu thu duoc tir robot vé
tram trung tdm dé quan Ii va ra lénh diéu
khién.

Két cau hé thong diéu khién cua AUV
duogc biéu dién nhu hinh 22. Bo xtt ly trung
tdm cua AUV sir dung may tinh PC104 cé
kha nang xir ly téc d6 cao cac thong tin dugc
truyén vé, tao tién dé cho AUV ap dung céc
giai thuat cdp cao vé dan hudng (Guidance)
va diéu khién (Control) d¢ phuc vu ting yéu
cau van hanh cu thé. Hé thong thu thap dix
liu tir cam bién va diéu khién cac co ciu
chap hanh duoc thiét ké sir dung cac vi diéu
khién 16i ARM toc d6 cao (STM32Fx) va
duoc két ndi véi nhau theo chuan truyén
thong CAN c6 téc do truyén tin 1én dén
1Mbit. Ngoai ra, AUV con duogc trang bi hé
théng cac cam bién manh mé, gidp robot thu
thap chinh xac céc thdng tin vé trang thai
dang hoat dong va mdi truong xung quanh dé
tir 6 hd tro cho viéc robot dua ra quyét dinh
diéu khién. Hé thong cam bién bao gom: cam
bién g6c nghiéng (sai s6 < 2 dd), cam bién
GPS (sai s6 < Im theo phuong ngang), cam
bién van téc DVL (sai s6 1% + 1mm/s), cam
bién d6 cao day bién (Alimeter) va cam bién
d6 sau mat nudc (Pressure sensor).

W= | g
B P
&8~ il —m ”

3] -\D‘?- ;;"’C\,

Master
STMAT

Hinh 22. M6 hinh 3D AUV

4. Két luan

Bai bao da phan tich va lya chon phuong
an thiet ke hoan chinh cho robot Ian khong
ngudi lai AUV, c6 kha nang 1an/n6i ¢ d6 sau
20m bang co cau két hop gitra xy lanh va doi

trong. Thong qua md phong ung suét, sir
dung phuong phap phan tich phan tir hitu
han, dé chon vat liéu va bé day vo pha hop,
dam bao robot c6 thé hoat dong 6n dinh & d6
sau thiét ké. Ngoai ra, viéc thiét ké hé thdng
diéu khién cho robot ciing duoc d& cap va
lam rd thdng qua lua chon thiét bi cam bién,
co cau chip hanh va thiét ké phan cung dé
dam bao kha niang hoat dong 6n dinh cho
robot lan.

Loi cam on:

Cong trinh nghién ctu nay dugc thuc
hién tai Phong thi nghiém trong diém Québc
gia Piéu khién s6 va Ky thuat Hé thong va
duoc tai trg boi PHQG TP.HCM trong dé tai
ma s6 B2018-20b-01.0
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