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TOM TAT

Nghién citu ndy dé xudt mét cum vay mém cho robot boi phong sinh hoc sir dung co ché
van dong MPF. Mbéi chi vay dwoc xdc dinh can ba béc tr do dé tdi hién chuyén dong uon song tyw
nhién. Cum vay duwoc diéu khién béi mét truc cam duy nhat véi 9 cdp cam léch pha tao song lan
truyén. Hé thong tich hop co cau diéu chinh géc trung vi tir —90° dén +90°, givip diéu hurdng robot
trong khéng gian 3D. Mé phéng cho thdy moment truyén dong trén truc cam dao dong trong khodng
1000-4200Nmm va moment xoay khung cé thé dat 57000Nmm. Thiét ké nay givip giam s6 nguon dan
déng, dong bé héa chuyén ddng va phit hop véi cac hé robot boi nhé gon, tiét kiém nang lirong.

Tir khéa: Robot boi phong sinh hoc; Mang vay mém; Chuyén déng MPF.
ABSTRACT

This study proposes a soft fin module for a bio-inspired swimming robot using MPF (Median
and Paired Fin) locomotion. Each fin ray is designed with three degrees of freedom to replicate
natural wave-like motion. A single camshaft drives 9 out-of-phase cams to generate traveling
waves. The system also includes a mechanism to adjust the median plane angle from —90° to +90°
for 3D orientation. Simulations show camshaft torque varies from 1000 to 4200 Nemm, and torque
for median angle control reaches up to 57000 Nemm. The design reduces actuators, ensures smooth
coordination, and suits compact, energy-efficient robotic systems.

Keywords: Bio-inspired swimming robot, Soft fin membrane; MPF locomotion.
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1. GIOI THIEU

Trong cac ing dung khao sat, quan tric
va bao tri méi trudng bién, robot boi ngay cang
duoc quan tdm. Tuy nhién, cac hé truyén dong
str dung chan vit truyén théng thuong gy nhidu
dong, hiéu suét thap khi di chuyén chim, va
khong phu hop vo1 moéi truong chat hep hoac
can do yén tinh cao [1]. Do d6, robot boi phong
sinh hoc — mé phong co ché van dong cua ca —
dang ndi 1én nhu mot hudng tiép can hiéu qua
hon [2].

Trong tu nhién, ca thuong boi theo hai
co ché chinh: BCF (Body-Caudal Fin) va MPF
(Median and Paired Fin) [3]. Co ché MPF dic
biét pht hop cho robot hoat dong cham, 6n dinh
va dinh hudng chinh xac, nho str dung chuyén
dong mém déo cua cac vay nguc, vay lung va
hau mén. Dya trén dac diém do, nhiéu thiét ké
robot MPF da duoc phat trién, nhu: kiéu rajiform
& ca dudi, balistiform & triggerfish, labriform &
c4 thia, va diodontiform & c4 noc — mdi kiéu co
dic trung truyén dong riéng (Hinh 1).
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Hinh 1. Phan loai chuyén dong MPF

Tuy nhién, hau hét cic nghién ctu
hién tai hodc st dung nhiéu dong co doc lap
gdy phtc tap, hodc thiéu sy dong bd trong méd
hinh hoa dong hoc ctia mang vay. Dé giai quyét
diéu nay, nghién ctru ndy huéng toi phat trién
mot cum mang vy mém st dung co ciu truyén
dong cam—con lan duy nhit, c6 thé tao séng lan
truyén va diéu khién huéng chuyén dong 3D,
tir d6 tao nén tang cho cac robot boi phong sinh

hoc nhd gon, tiét kiém nang lugng va hi¢u qua
cao.

2. CO SO LY THUYET VA PHAN TICH
MO HINH

2.1. M6 hinh h6a mang vay lién tuc

Pé mo phong chuyén dong ubn song
clia ca theo co ché MPF, nghién ciru xdy dung
mo hinh toan cho mang vay lién tuc dya trén
co s& roi rac hoa thanh céc tia vay (fin rays).
Méi tia vay dong vai tro 1a mot vector dao dong
trong mit phang, két ndi bién trong va bién

ngoai cia mang vay dan hoi.

- Bac ty do 1: M6 ta su dao dong gbc
cua tung chi vay (tia vay) theo dang song lan
truyén. Mang vay duoc roi rac hoa thanh n chi
vay déu nhau, mdi chi vay c6 goc dao dong
duoc dinh nghia boi:

(1

) 2nNk
8,.(t) = Asin (2n'ft + )

Véi: A — Bién do dao dong; f — Tan s6
song; n — SO budc song trén chiéu dai vay; N —
Sé tia vay; k — Chi sb tia vay, k=10,1, ..., N-1.

Pé dam bao dao dong nhip nhang va
khong 1am rach mang vay, cac tia can dao
dong d@)ng bo theo bién dang cong, tao ra sy
lan truyén séng muot ma tir dau dén cudi vay.
Ngoai goc dao dong, mdi tia vay can thém hai
bac tu do nira.
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]

Hinh 2. M6 hinh roi rac hoa mang vay thanh cdc
tia vay dao dong co dinh huong

- Bac tu do 2: Piéu chinh hudng tiép
tuyén tai diém gdc tia vy dé phu hop véi do
cong ttrc thoi ciia mang. Goc nay dugc xac dinh
boi goc gitra vector tiép tuyén tai bién trong va
mit phang chuan (Oxy):

T
vE(t) = arccos( n ) )
1T |11

- Béc ty do 3: Bam bao d¢ dai cong
gilta cac tia vay khong thay doi theo thoi gian
(duy tri dang séng 6n dinh), dwgc mo ta bang
rang budc dao ham toan phﬁn:

koF(n, t)
dt on

Tu ba phuong trinh (1)-(3), ta xac lap
rﬁng mdi tia vay can 3 bac tu do dé tai hién
chuyén dong sinh hoc chinh xac ctia mang vay
mém: dao dong, dinh hudng tiép tuyén, va duy
tri d6 cong lan truyén.

=0 3)

Mb hinh nay 1a nén tang dé xac dlnh
yéu cau thiét ké cho cum chi vay va co ciu
truyén dong twong tmg trinh bay ¢ cac muyc sau.

2.2. M0 hinh dong hoc cum chi vay

* Cdu triic khung d& va dinh nghia vector chi
vay

Trong cum mang vay, moi chi vay (fin

ray) dugc dinh nghia 1a mot vector 7k ndi tur
diém gdc trén bién trong b. dén diém ngon trén
bién ngoai b cua mang vay (xem Hinh 2). Méi
vector ndy nam trén mit phang riéng (xX, z¥)
g voi tia vay thir k, co gbe tai O% va tao voi
truc tham chiéu mot goc dao dong tirc thoi 6, .

A aas 2k 2. 1%
Chiéu dai vector ¥ 1a khong do6i, bang
hiu so0 ban kinh gitra hai duong tron co sé:

17l =7 —;

Heé théng khung d& duoc t6 chire sao cho
chc tia vay dugc bd tri déu theo mot goc tong
cong 0, véi truc Oy lém tam xoay cl}inh, tao
nén dang hinh quat trai déu theo mat phang Oxz.

* Moi quan hé gitta dao dong va cau truc hinh
hoc

Pé dam bao chuyén dong lién tuc va
dong bo cia mang vay, cc tia vdy can dao
dong theo mot bién do va pha nhét dinh, nhu da
mo ta trong phuong trinh (1). Goc 0, diéu khién
huéng lac cia tia vay thir k, dong vai tro 14 bac
tu do d4u tién trong mo hinh.

Pong thoi, sy thay doi vector tiép tuyén
tai diém géc A¥ cho biét muc do cong cuc bd
clia mang vAy - thé hién bac tu do thtr hai (goc
tiép tuyén ¢,). Bac tu do thir ba duoc dam bao
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boi diéu kién giit nguyén do cong tong thé giita
cac tia vay — tire 1a cac tia khong dugc lam rach,
cang hodc trung mang vay — nhu da trinh bay
trong phuong trinh (3).

Nhu vay, mdi cum chi vay hoat dong
vira dam bao cau trac hinh hoc 6n dinh, vira tai
hién dugc dang song udn lan truyén doc theo
chiéu dai mang, dong vai tro thiét yéu trong
hiéu qua day cua robot boi.

3. THIET KE CO CAU TRUYEN PONG
CAM - CON LAN

3.1. Nguyén ly hoat dong

xdy dung dya trén ham diéu khién dang
harmonic, vi loai ndy dam bao gia téc va van
tdc bién thién lién tuc, giup hé théng van hanh
tron tru trong mdi truong nude. Biéu thirc dao
dong goc cua can lic ¢ dang:

o(t) = Gr;a.x (1 — Cos (Z:t)) 4)

V6i: 0 — Bién do dao dong cuc dai;
T — Chu ky chuyén dong.

3.2. M6 hinh dong luc hoc

- -
I Ciam bl vy dau (e
ELCpm cha vy doc thiin

¥ Mang viiy

Hinh 3. So dé nguyén Iy cum chi vdy véi 3 bdc tw
do diéu khién

Pé tao dao dong tuan hoan cho mdi tia
vay, nghién ctru dé xuét sir dung co cau cam -
con lan - can lic, trong d6 mot cam dia quay
déu tac déng 1én con lan gan vao dau can lic,
tao ra chuyén dong goc dao dong 0, cua chi vay.
Dé dam béo sy tiép xtic lién tuc trong sudt chu
ky hoat dong - ddc biét ¢ cac pha hdi chuyén
- ¢o céu sir dung cdp cam lién hop (conjugate
cams). Hai cam nay duoc thiét ké c6 bién dang
d6i ximg va 1éch pha, gitip giir con lan luén tiép
xtc ma khong can 10 xo hay ép co khi, tir d6
giam rung dong va lyc phan hoi khong mong
mubn.

Trong thiét ké, duong bién cam duoc

1: Couni Bén by Vi g cdn cam
Lo cam 4: hllaag vy

Hinh 4. So d6 nguyén Iy hé cam-con lan-can ldic 2
bdc tu do

Co cau cam-can-con lan duoc mé hinh
héa dong luc hoc dua trén dinh luat II Newton
cho chuyén dong quay. Goi Jo 1 lan luot 1a
mo men quan tinh ctia cam va can lic, T, 7T la
moment tac dong tuong ung, ta co:

_F,R )

fc 6(: = Tmata'r
J-6r = Fl, (6)

Vé6i: F, — Luc tiép tuyén giita cam, con
lan; R — Ban kinh tac dung luc trén cam; 1 —
Khoang céach tir truc quay dén diém tiép xuc
trén can.
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Cam déng vai tro truyén dong chinh, tao
ra luc F lam cér} lic dao dong va dan dong chi
vay. Khi c6 nhiéu cum chi vay (vi du 9 cum),
cac cam s€ dugc dat 1éch pha trén cung mot
tryc cam trung tim, tao ra dang song lan truyén
doc theo chiéu dai mang vay.

3.3. Co céu diéu chinh géc trung vi

Ngoai chuyén dong dao dong, nghién
ctru con tich hop khung quay trung vi — cho
phép toan by cum mang vay xoay quanh truc
Oy mot goc 0 € [-90, +90]. Viée diéu chinh
goc nay mo phong chuyén dong pitch/yaw cia
ca, cho phép robot dinh hudng khong gian 3D.
Viéc thay doi 0_ s& lam thay d6i mat phang dao
dong cua tit ca chi vay, anh hudng truc tiép dén
huéng day cuta robot.

4. THIET KE MODULE MANG VAY MPF
4.1. Céu triic tong thé

Module mang vay MPF dugc thiét ké
gdm ba thanh phan chinh:

- Cum chi vay (fin rays): Gom nhiéu tia
vay mém bd tri doc theo chidu dai mang vay,
mdi tia duge dan dong bing mot co ciu cam-
con lin-can lic riéng biét.

- Truc cam trung tim: Mang nhiéu cip
cam lién hop, mdi cap léch pha voi nhau dé tao
dang séng lan truyén.

- Khung quay trung vi: Gia d& c6 kha
nang xoay toan by cum chi vay quanh truc Oy
dé thay doi hudng day cua robot trong khong
gian 3D.

4.2. Tao chuyén dong séng lan truyén

bé mo6 phong chuyén dong udn song
cua cé, cac cam trén truc duoc bo tri 1éch pha

déu nhau. Vi du, v6i 9 chi vay, d6 1éch pha giira
hai cam lién tiép la:

o 2mn o
TN
Vé6i: n — S6 bude séng can tai hién trén
chiéu dai mang vay; N — So luong chi vay.

Viéc phan pha chinh x4c nay dam bao song
lan truyén lién tuc tir dau dén cudi mang vay, ting
hi¢u qua day va tinh 6n dinh cta robot khi boi.

4.3. M hinh 3D va b tri thue té

Mo hinh 3D cua module dugc xay dung
trén phan mém CAD (vi du SolidWorks), voi
cum chi vay lap vao truc cam thong qua co cau
can lic. Cac khung d& va truc quay duoc b tri
sao cho:

- Pam bao goc trung vi tiry bién (£90°);

- Giam khéng gian lip dat nhd co cau
déng truc;

- Pdng bo hoa chuyén dong giita cac
chi vay nho truyén dong co hoc tap trung;

- Toan bd module c6 thé dugc tich hop
vao than robot boi va diéu khién béi mot hodc
hai dong co trung tAm, tiy theo céu hinh ddi
xung trai-phai.

4.4. Uu diém thiét ké

- Tiét kiém nang luong: Chi can 1 ngudn
truyén dong cho nhiéu chi vay;

- Dé diéu khién: Bién do va pha song
duoc xac dinh co hoc, khong can diéu khién
dién tir riéng cho tung tia vay;

- Kha ning mé rong: Co thé ting sd
chi vay dé mo phong cac kiéu boi khac nhau
(rajiform, balistiform, v.v.);

- Tinh module cao: D& ché tao, lip rap
va thay thé tirng cum chi vay.
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5.MO PHONG VA KET QUA
5.1. Mo phéng dao dong chi vay

M6 hinh mé phong duoc thiét 1ap dé
danh gia chuyén dong cua cac chi vdy trong
module khi truc cam quay déu ¢ tdc do 60
vong/phiit. Vi 9 chi vay bd tri doc theo mang
vay va c6 cam léch pha, két qua cho thay:

Cac chi vay dao dong ddi xtng theo
bién d¢ khoang +30°;

- Chu ky dao dong cua tung chi vay la
déng bo theo thiét ké cam harmonic;

- Pha dao dong gitra cac chi vay tao
thanh song lan truyén déu tir dau dén cudi mang
vay.

Hinh 5. Quan hé giita goc quay truc cam va goc
dao dong chi vdy

Piéu nay chung minh hiéu qua cua
phuong phap truyén dong cam-con lin trong
viéc mo phong chuyén dong MPF dang song tu
nhién.

5.2. Moment tac dong lén truc cam

Moment can thiét dé duy tri quay truc
cam dugc tinh toan tor mé hinh dong luc hoc.
Vi mdi chi vay chiu tai trong 60N tai khoang
cach 70mm tir truc xoay, tong moment bién
thién tuan hoan véi bién do dao dong 1000 +
4200Nmm.

Moment dat dinh tai cac thoi diém
nhiéu chi vay dong thoi di qua pha déo chiéu.
Chu ky dao dong moment cling trung véi chu
ky quay cua truc cam. Két qua nay cho thiy hé
théng hoat dong on dinh, khong xuét hién qua
tai dot ngdt, va hoan toan co thé dan dong bai
mot dong co cong suét vira phai.

5.3. Moment diéu chinh géc trung vi

Viéc xoay khung trung vi trong khoang
+90° duoc md phong bang ham sin dé dai dién
cho thay doi tu thé ctia robot. Khi tit ca cac chi
vy dang dao dong va mang tai, moment can dé
quay khung gia trj 16n dang ké ~57000Nmm.

Nguyén nhén 1a do quan tinh tong hop
ctia cic cum cam — can — chi vay, dac biét ¢ vi
tri xa tAm xoay. Biéu do moment theo thoi gian
cho thdy dao dong 16n va c6 bién do siéu cao
tan — hé qua cua hién tugng cong hudng pha
gilta cac chi vay.

Két qua nay chi ra rang: Hé truyén dong
gbc trung vi can mot dong co manh doc lap,
dong thoi can kiém soét toc do thay doi goc
dé tranh vuot qua ngudng tai trong co hoc cho
phép.

N 7N /]
NS\

Hinh 6. Moment can thiét d@é thay doi goc trung vi
trong chu ky hinh sin

5.4. M6 hinh 3D tong thé robot

Toan by module mang vay dugc tich
hop thanh hai diy d6i xtg hai bén than robot
(trai va phai), két ndi véi truc cam thong qua
banh ring hodc dy dai. Hé thong c6 thé van
hanh bang:
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- Mgt dong co trung tdm cho cd hai
cum, hodc:

- Hai dong co riéng biét néu mudn diéu
khién hudng doc lap timg bén.

M6 hinh CAD cho thiy céu tric nho
gon, dé lap rap, va tiém ning tich hop véi vo
robot thuc té.

- 1].‘-.1- T 5|
! ;:‘-'-\."
\ P g,
o= | - ¥ |'II ;
BRLL S 7l
-’ AR LU,
oy __J,\Ir*. {#3'_ 5
-:";?ﬁ""‘ﬁi'* %
3,

Hinh 7. M6 hinh 3D robot boi tich hop hai cum
mang vay hai bén than

6. KET LUAN

Nghién ctru d dé& xuat phuong phap
thiét ké cum mang vdy mém cho robot boi
MPF, dua trén mo hinh hoéa lién tuc va roi rac.
MBbi tia vay dugc xac dinh can 3 bac tu do dé tai
hién chinh x4c chuyén dong séng mém déo. Hé
truyén dong st dung co cdu cam-con lan lién
hop dé diéu khién ddng bd nhiu chi vy bang
mot truc cam duy nhét, két hop v6i khung quay
trung vi gitp dinh hudng 3D.

Mo phong cho thdy hé thdng van hanh 6n
dinh v61 moment truc cam 1000-4200 Nemm,
va moment xoay trung vi lén téi 57000 Nemm.
Thiét ké CAD hoan chinh sin sang ché tao, phu
hop véi céc robot boi nho gon hoat dong trong
moi truong nude thuc té.

Loi cam on:

Nghién ctu nay duoc tai tro bdi Bo
Khoa hoc va Cong nghé trong khudn kho dé tai
mi s6 DPTPL.CN-41/22. Chiing toi xin cam on
Phong Thi nghiém trong diém Diéu khién sb va
K§ thuat Hé théng, Trudng Pai hoc Bach khoa,
DHQG-HCM di hd trg thdi gian, phuong tién
va co s6 vat chat cho nghién ciru nay.
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