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GIAI PHAP LOAI BO HIEN TWUQONG CHONG CHANH CHO CA NO
NEO DAU TREN MAT NU'O'C DAO PONG

THE SOLUTION TO ELIMINATE THE PHENOMENON OF INSTABILITY FOR
MOORED BOATS ON FLUCTUATING WATER SURFACES
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TOM TAT

Bai bdo nghién ciru phdn tich giai phdp kj thudt cia thiét bi con quay chong ldc dang dwoc
dp dung dé giam thiéu toi da hién twong chong chanh khi ca né vira va nhé neo ddu trén mdt nuée
dao dong. Phwong phép nghién ciru di tir phdn tich co sé 1y thuyét dén nguyén Iy hoat déng, sau do
ché tao thiét bi ldp mé hinh tau thu nhé dé thue nghiém. Két qua thu dwoe cho thdy nguyén Iy hoat
déng dwa ra la diing ddn voi kha nang giam chong chanh tir 80 dén 96%, tuy nhién dé dat dwoc do
on dinh lién tuc doi hoi phai sur dung cam bién va mach diéu khién cé dé tin cdy cao. Giai phap dwoc
dira ra trong bai bdo ndy khéng nhitng cé gid tri vé mdt hoc thudt ma con lam co sé dé nghién civu

néi dia héa thiét bi con quay cho”hg lic cho Viét Nam.
Tir khéa: Ca né; Lic ngang; Con quay chéng ldc.
ABSTRACT

The research article analyzes the technical solutions of anti-roll gyroscopic devices currently
being applied to minimize the phenomenon of capsizing when small and medium-sized boats are
moored on fluctuating water surfaces. The research method starts with analyzing theoretical
foundations and principles of operation, then proceeds to manufacture and test devices installed on
scaled-down ship models. The results obtained show that the operational principles are accurate
in reducing capsizing by 80 to 96%. However, achieving continuous stability requires the use of
reliable sensors and control circuits. The solution proposed in this article is not only valuable in
terms of academic research but also serves as a basis for localizing anti-roll gyroscopic devices for

Vietnam.
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1. PAT VAN PE

Céc hoat dong bang dudng thuy da gin
lién voi doi séng con ngudi Viét Nam trong
budn bén, giao thong, van tai, danh bét, nudi
trong thiy hai san va gan day 1 hoat dong du
lich duong thuy.

Hinh 1. Ca né cho khach

Chon trong tdm G cua tau lam géc toa
do, thiét 1ap hé truc vudng goc nhu Hinh 2. Néu
chuyén dong doc truc Gz va chuyén dong quay
quanh Gx, Gy c6 tinh diéu hoa thi s& gay ra hién
tugng 1an luot 1a lic dimg (nhdi), lic ngang va
lac doc.
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Hinh 2. Hé truc chuyén dong

Chong chanh 1a mét t6 hop cac dang
chuyén dong dao dong khac nhau cta tiu, ma
n6 c6 thé thuc hién trén song bién va trén nudc
tinh. Cuong d6 cta cac dao dong nay khong chi
phu thudc vao cuong do cua song, ma con phu
thudc vao céc tinh nang cua ban than tau.

Trong cac chuyén dong trén, chuyén

dong lic ngang cua tau khién cho thuyén vién
va hanh khach bi say song, dong thoi c6 thé gay
hu hong hang hoa va tham chi néu lic ngang
qua manh hang hoa chang budc khong can than
gdy x0 ngd, truong hop nghiém trong c6 thé
gdy mat 6n dinh cho tau va lam 14t tau (Hinh
3). Tau cang nho thi kha ning bi mat 6n dinh
cang 16n. Trong khi d6 anh hudng cua lic dimg
va lac doc 1a khong nguy hiém, cho nén chi can
triét tiéu hién tugng chong chanh do lic ngang.

Hinh 3. Ca né bi chong chanh

Cac phuong phap chong lac hién nay
dang dugc sir dung phd bién nhu: Dung vay
héng c¢b dinh (Bilge Keels); str dung két chdng
lic (Anti-rolling Tanks); Bién d6i hinh dang
vo tau; st dung vay chu dong (Fin stabilizers);
Piéu chinh lic ngang bang banh lai (Rudder
Roll Stabilisation — RRS) va st dung hi¢u ting
con quay (Flywheel). Trong cac phuong phap
trén thi phuong phap sir dung con quay chong
lic phu hop véi tau bé nho nodi chung va ca nd
no6i riéng. Mat khéac né ¢ kich thude nho gon,
linh hoat khi c6 thé thao roi, lap 1an trén cac
mAu tiu twong ddng vé tai trong ma lai khong
can thay d6i ciu tric cua than tau. Tuy nhién,
san pham nay hién nay chua c6 nhiéu tai liéu
nghién ctru va chua dugc san xuét tai Viét Nam,
vi vy bai bao huéng dén phan tich nguyén ly
hoat dong cua thiét bi dé lam co sé nghién ciru
phat trién san pham tuong ty trong nudc.
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2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén tic chéng lic ngang

Tau thuyén khi neo ddu trén mat nudc
co ban s€ chiu tdc dung boi hai lyc, mot 1a trong
tam G ciia tau va hai tim ndi B ctia tau la diém
dit cta véc-to luc ndi tic dung 1én tau hay do
chinh 14 trong tdm ctia khdi nudc ma tau chiém
chd [2]. Khi tau ndi & trang thai can bang thi
luc ndi Fg va trong luc P cua tau tac dung
cung trén mot dudng thang dimg, bang nhau vé
tri s6 va nguoc chiéu nhau. Khi tau bi mét tac
nhan nao d6 co tinh chu ky nhu truong hop tau
bé neo dau trén viing nude c6 song diéu hoa véi
phuong truyén song trang véi truc Gx thi phan
nude chiém chd cua tau thay doi co tinh chu
ky, dong thoi vi tri tam ndi B thay doi theo lam
xuat hién ngdu lyc (P,Fg) két hop véi quan
tinh budc tau phai dao dong lac ngang di€u hoa
(Hinh 4).
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Hinh 4. Léic ngang cia tau trong mét chu ky

Tir co so 1ap luan trén, ta thiy rang
nguyén tic dé triét tiéu hién tuong lic ngang
thi phai chii dong tao ra mot ngau lyc ludn can
bang va ngugc chiéu véi ngau luc (P, Fy).

Nguyén nhan va nguyén tic giam chong
chanh do lic doc giy ra ciing twong dong nhu
truong hop lac ngang chi khac 14 khi d6 phuong
tac dung cia tac nhan bén ngoai trung voi truc Gy.

2.2. Cau tao chung cia thiét bi chdng lic
bang con quay

Thiét bi gdm cac bd phan nhu hinh 5,
trong d6 banh da quay quanh truc AA , khung
gimbal quanh truc DD,.
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Hinh 5. Cdu tao chung ciia thiét bi chéng lac bang
con quay

2.3. Nguyén Iy 1am viéc ciia thiét bi chdng lic
bang con quay

Theo 1y thuyét gan ding vé hiéu tng
con quay hai bac ty do [3], banh da c6 mo-men
quén tinh J quay véi Vé}n toc goc ®,, khi khung
gimbal quay voi van toc goc o, thi banh da s&
sinh ra mot ngau lyc Mg, =Ja x@, tuong
duong v6i cdp ngau lyc (N,N") tac dong 1én 6
dd D va D, (Hinh 6).

Hinh 6. Con quay hai bdc tw do
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Can cu Vao co s ly thuyet nay, tai thoi
diém trén tau xuét hién ngiu luc (P FB) thi
ngay lap tuc ta chu dong tao ra ngau luc M
dbi trong s& triét tiéu dugc ngudn dao dong lac
ngang, hay nodi cach khéac 1a tau s€ khong bi

chong chanh.
M:w

Hinh 7. Nguyén Iy lam viéc khi tac nhan gay ldc cé
tinh chu ky

®

2.4. Phuong phap diéu khién thiét bi

Thuc té, véc-to ngiu luc (P FB) trung
véi tryc Gx, trong khi do véc-to ngau luc ngr
tao voi truc Gx mot goc 0. Do d6, moé-men
chéng lac s& 1a M., = M, cos 6.

Dé thiét bj con quay lam viéc doi hoi
phai c6 mot bo phan diéu khién véi cac nhiém
vu: Thay d6i chiéu cia mo-men chdng lic
M, ol nguoc v6i ngau luc (f’ FB) Hi¢u
chinh thong sb cua dong co dleu tiét khung
glmbal vadong co banh da dé trj s6 ctia Mantlroll
luén tién sat tri s6 ngdu luc (P, F ). bay la van
dé khong don gian. Giai phap dé g1a1 quyet kho
khan trén d6 1a chu dong ddi chiéu M
theo géc nghiéng ¢ cua san tau (Hinh 8).

antiroll

Hinh 8. Nguyén 1y diéu khién

2.5. Ché tao thiét bi con quay cho ca né mé
hinh thu nhé

a) Thiét ké phan co khi
Ta chon ca n6 mo6 hinh co:

- Kich thuéc chinh: dai x rdng x cao =
80x20x15cm.

- b6 gian nudc D = 10kg.

- Cénh tay don 6n dinh [3] do thuc
nghlém GZmax = O, 05m .

Nhu vay, mé-men hoi phuc cia tau [3]:
h = D(GZmax) S5kg-m

Céan cir vao mo-men phuc hdi, ta ché tao
bd phén co khi gom c6 (Hinh 9):

- Banh da 1am bang thép C45 c6 khbi
lugng riéng p = 7850kg/m’, dang dia tron voi
duong kinh 12cm va day 1,35cm, c6 mo-men
quan tinh J =2,16.103 kg.m;

- Str dung dong co khong chéi than ba
pha lam dong co banh da c6 toc do n = 5600
vong/phut;

- Str dung dong co budc lam dong co
diéu tiét;

- Pong co diéu tiét truyén dong cho
khung gimbal bang truyén dong banh rang;

- Khung gimbal lam bang nhom;

- Gié treo thiét bi 1am bang thép C45
gan cung vao than tau.
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Hinh 9. Phan co khi cua thiét bi

b) Thiét ké b phan diéu khién

Tur phan tich nguyén 1y diéu khién néu
trén, b phan diéu khién s& gdm co6: bo ngudn
nudi va dong co chinh diéu khién banh da duoc
diéu khién truc tiép qua driver va chiét ap.
Ngoai ra, viéc kiém soat goc quay o, gdm cac
khdi sau: vi xtr 1y, cam bién goc IMU, dong
co DC v6i mo-men xodn cao cung driver diéu
khién dong co (Hinh 10). Vi xir Iy 8 bit Atmega
328p sir dung két hop voi cam bién goc IMU
MPU6050 dé xac dinh goc 0 (roll) giita mat
san tau va mat nude tinh. Viée xtr 1y sai sb goc
quay dugc thuc hién bz"mg cach stir dung bo loc
bu, voi hé s6 bu 1an lugt 12 0,9 va 0,1 cho hai
goc roll va pitch [5], v6i tan s xir Iy ldy miu
1a 250Hz, twong thich v&i chuan giao tiép 12C
dang dugc sur dung véi vi xur ly.

1 théng giam ldc
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Hinh 10. So do khéi nguyén Iy hé thong dién —
diéu khién cua thiét bi

Trong qué trinh thir nghiém sir dung dd
thi tuyén tinh tir 0 dén 35°. Luu d6 thuat toan
va bo phan diéu khién hoan chinh dugc thé hién
nhu trén Hinh 11 va 12.

Thidit 1§p vin tic BLDC /
+ Xae 199 vi tri cin
bing ban d83u

Nic dinh goc
Iech thin thu roll sir
dyng IMU

Hinh 12. Bé phén diéu khién hoan chinh

3. KET QUA VA THAO LUAN

Lip rap bo phan diéu khién va phan
co khi cua thiét bi 1én tau, sau d6 dat tau vao
bé nudc, thue hién tao cac dot song nhan tao
v6i bién do song khac nhau. Do kiém tra goc
nghiéng clia tau trudc vao sau khi bat thiét b
con quay.
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Hinh 13. Thuc nghiém trén bé nude

Bé nudc dung lam thi nghiém c6 kich
thudce 2x6x1,5m. Dé tao song nhan tao c6 nhiéu
phuong phép, trong thuc nghiém nay st dung
phuong phép tay quay con truot.
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Hinh 14. Co cdu tao song
Khi giit nguyén chiéu cao séng 2(a =
0,05m, thay d6i budc song ting dan tir L= 0,4m
dén gidi han A = 0,8m, ta thu dugc bang s6 liéu:

Bdng 1. Hiéu sudt chéng ldc khi giit nguyén chiéu
cao song 0,05m va thay doi budc song tang dan tir
A =0,4m den gioi han A = 0,8m

.| Goc nghiéng cia tau (d0) | Hiéu
Budéc X
TT song | Chwabit = Dibit c::})fg
(m) | thitbi | thibthi |20
1 0,4 5 0,22 95,6
2 0,5 7 0,3 95
3 0,6 10 0,7 93
407 15 1,25 91
5 0,8 20 2 90

Khi gilt nguyén budc song A = 0,8m,
thay doi chiéu cao song tang dan tir 2{a =0,01m
dén gi6i han 2¢a = 0,05m, ta thu duoc bang sb
liu:

Bdng 2. Hiéu sudt ch(fng ldc khi giit nguyén buéc
song A = 0,8m va thay doi chiéu cao song tang dan
ttr 0,01m dén giGi han 0,05m

Chidu | Goc nghiéng ciia tau (d9) | Hjgy
TT | “® | Chwabat | Dabat | 5
song Aops .z +. | chong
(m) thiét bi thiét bi 15c(%)
1 0,01 13 1,84 85,8
2 0,02 19 3,2 83
3 0,03 28 4,89 82,5
4 0,04 34 6,21 81,7
5 0,05 40 7,78 80,5

Trong qua trinh thyc nghiém, ghi nhan
hién tugng céc s6 lidu tang hoac giam bat
thuong dbi v6i cing mot diéu kién bién twong
ung voi cac gia tri géc nghiéng ¢ di thuong.
Nguyén nhan c6 thé do cam bién goc IMU
MPU6050 mat 6n dinh tam thoi.

Dbi voi mbi didu kién bién, thuc nghiém
03 lan va lay gié tri trung binh (khong tinh thi
nghiém co gid tri bat thuong).

Ngoai ra, khi kiém tra kha ning chong
nghiéng ctia mo6 hinh tau khi tdc nhan gay
nghiéng la gi6 nhe toc do 3 m/s:

- Pbi vé6i thoi gian tac dung cua gio 1a
tire thoi, két qua thuc nghiém ghi nhan 1a tau
khong bi nghiéng.

- Pbi v6i thoi gian tac dung cia gi6 lién
tuc kéo dai, két qua thuc nghiém ghi nhan la
sau khoang thoi gian hon 10 gidy thi tau bt dau
nghiéng.
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Két qua trén phu hop voi nguyén Iy
lam viéc va nguyén 1y diéu khién cua thiét bi
con quay, tic khi c¢6 tac nhan gy lic thi bo
phan diéu khién khoi dong dong co diéu tiét
khung gimbal. Nhu ta di biét, tr muc 2.4 thu
duge M, o = ngr cosO, noi cach khac,
kha ning hoat dong hiéu qua cua thiét bi khi
0 <0 <90° Vi vay, khi tac nhan kéo dai va
lién tyc s€ 1am goc 6 tang dan dén gi6i han 90°
va két qua la Mamlron 0, sau do tau bat dau
nghiéng. Goc 0 tang dan den 2161 han 90° trong
thoi gian ngan néu mé-men cudng buc cua tac

nhan khong c¢6 tinh chu ky 16n.
4. KET LUAN

Bai bao da phan tich dugc nguyén nhan
lam gay ra hién tuong chong chanh cua tau,
qua d6 dua ra nguyén tic dé triét tiéu tic dong
nay, dac bi¢t di sdu nghién ctru phuong phap str
dung thiét bi con quay chéng lc.

Két qua thyc nghiém cho thiy nguyén
ly chong lic va diéu khién thiét bi con quay
theo goc nghiéng cia tau 1a dung din va lam
don gian hoa bai toan diéu khién. Trén co s
thuc nghiém, tac gia thiy rang thiét bi con quay
chi co thé triét tiéu hién tuong chong chanh voi
tac nhan gay lic co tinh chu ky.

Mit khac, hiéu qua 1am viéc cua thiét
bi phu thudc vao do chinh xac cua cam bién, vi
trong qua trinh thyc nghiém xdy ra hién tuong
mat on dinh do cam bién dua thong tin khong
chinh xac.

Do thuc nghiém dugc thuce hién trén tau
md hinh va trong diéu kién dao dong 1y tuong,
cho nén két qua thuc nghiém chi c6 tinh tham
khao dé minh chimg kha ning giam lic ngang
theo phuong phap bai bao dua ra.

Trong truong hgp mot thiét bi con quay
khong tao di moé-men chdng lac thi co thé lip
thém nhiéu thiét bi con quay doc theo truc Gx.
Ngoai ra, trudng hop tau c6 ca chuyén dong lac
ngang va lic doc thi ta b tri 2 cum thiét bi con
quay v6i phuong dit gia treo lan lugt theo truc
Gx va Gy.

Thiét bj con quay nhé gon, hoan toan c6
thé thao ldp d& dang va c6 thé lap 1an trén cac
tau khac nhau véi cung tai trong.

Két qua bai bao 1a co sé quan trong cho
cac nghién ctru tiép theo dé co thé hoan thién
hon nguyén 1y diéu khién thiét bi phuc vu muc
tiéu noi dia hoa san pham nay.
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