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U'ng dung con quay hai bactw do dé ché tao thiét bi ho
tro'giam lac cho tau kich thuwécnho

Lé Cong Danh’ va Lwu Tuan Anh
Trwong ST quan Ky thudt Qudn sw

TOMTAT

Bai bdo gidi thiéu phwong phdp st dung hiéu trng con quay chi déng dé gidm Idc ngang cho tau kich
thwdc nhé cd chiéu dai tir 7m dén 25m va lwong gidn nwdec khéng qud 100 tén neo ddu trén mdt nude cé
bién d@é dao déng nhdé. Mdc du viéc trng dung hiéu trng con quay dd duwoc biét dén tir IGu, tuy nhién
phwong phdp diéu khién né la mét van dé khé. Pham vinghién ctru cia baibdo nay la dwa ra cdu tao cla
thiét bj giadm Idc st dung hiéu trng con quay chi déng va phuong phdp diéu khién hiéu qud dé dé dang st
dung hiéu trng d6. Noi dung bai bdo mé déu béng viéc phdn tich nguyén nhdn géy Idc va nguyén ly chung
dégidmldc, trén co'sé dé baibdo chira nguyén ly chéng ldc cia thiét bi st dung hiéu trng con quay. Tiép
theo, bai bdo trinh bay thiét k€ va thudt todn diéu khién clia bo phén diéu khién cho thiét bj, ddy la phén
nghién cittu cé tinh mdéi va ciing la néi dung chinh cua bai bdo. Két qud thwe nghiém cda thiét bj vdi
nguyén ly va thiét ké nhu trén cho tau mé hinh trong diéu kién gdy Idc nhén tao, cho thdy hiéu sudt gidm
Idc tétlam co'sé dé hwdng nghién ciru tiép theo.

Ttrkhoa: Lic ngang, hiéu trng con quay, tdm néi, don vido qudn tinh

1. DAT VAN DE

Tau thuyén lam viéc trén mat nudc ludn co xu
huéng bi mat 6n dinh (I1ac ngang, 1ac doc, nhoi)
b&inhiéutacnhan vidunhu gid, séng nuwdc, su xé
dich khéi tdm (xé dich hang héa, ngudi di lai trén
tau), swva cham...Cactac nhan nay gay ramomen
cudng birc 18n tau, k&t qua 1a tau bi mat 6n dinh.
Tau cangnhd thikhd ndng bi mat 6ndinh cang 16n.
D6 vdi cac tau bé thye hién nhiém vu kiém tra do
dac, khao sat tai cdc vung bién nhiét déi hodc cac
vung bién cé nhiéu d4d ngdm, san hé thikich thuéc
clachuing bigidi han vdichiéu daitlr 7m dén 25m
va do gidn nuwdc khéng qua 100 tan. Dic diém
chung cta nhitng phuong tién nay 13 cé rat nhiéu
trang thiét bi, vat tu va cac thiét bj do ludn doi hoi
swondinh, tranh xdo tron.

Nhitng phwong phép gidm I&c phé bién hién nay
(dung két dan linh hoat chéng lac ngang, bién déi
vd tau, 6n dinh 13c ngang bang vay,...) cé thé dung
cho tat ca cac tau. Phwong phap st dung thiét bi
con quay chu dong (flywheel) nhé gon dé dang
I3p d&t, chi phi san xuat hop ly, c6 kha nang van
hanh ty dong, phu hop cho tau bé kich thudc
nhd. Pay la phwong phap khéng méinhuwng it phé
bién trwdc day do han ché trong phuong phap
diéu khién. Mat khdc, hién nay trong nwdc chua
c6 don vi nao nghién clru ché tao san xuat, vi vay
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néu muén st dung phuong phap giam lac nay doi
hoi phai nhap khau véi gid thanh rat cao (vi du
thiét bi giam |ac bang con quay hdi chuyén cla
cong ty Seakeeper). N6i dung bai bao trinh bay
nguyén ly hoat dong chia con quay chi déng cung
vdi phuong phap diéu khién twong &ng nham
giam rung l&c cho tau cé kich thudc nho trong
diéu kién phong thi nghiém, nham phuc vu cho
hudng nghién cirutiép theo clia dé tai.

Hinh 1. Anh huéng cla Iic ngang Ién tau
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2.D0I TUQNG VA PHUONG PHAP NGHIEN CU'U
2.1.Pditwong nghién ciru

D6 twgng nghién ctru 1a cdu tao va phuong phap
diéu khién cla thiét bj chdng lac ngang cho tau bé
kich thwdc nhoé bang viéc st dung hiéu ¢ng con
quaychudong.

Thiét bi gdbm phan co khiva hop diéu khién. Phan
co cé cau tao nhu Hinh 2. Gid treo c6 nhiém vu
chéng d& toan bd trong lwgng cha thiét bi va
dwoc gan clrng vao boong tau sao cho mit phang

gia treo vuodng goc vaéi truc Gx. Khung gimbal
dwocgdnvao &2 6 dd D, D, cla gid treo dé né cd
thé xoay quanh truc DD, song song vdi truc Gy.
Van téc géc m, cta khung gimbal quay quanh DD,
cé tri sd va chiéu quay thay déi theo tin hiéu diéu
khién cha dong co diéu tiét. Banh da 13 chi tiét
dang tru tron hodc tdm tron cé trong lwong 1dn,
truc banh da dugc gadn vao 2 6 d& A, A, c6 dinh
trén khung gimbal, trong dé truc AA, cé phuong
vudnggocvaiDd,.

Banh da

Péng co diéu tiét

Khung Gimbal

Gia treo thiét bi

Hinh 2. C3u tao phan co khi thiét bj gidm lac ngang

Hop diéu khién cla thiét bi gdm céc khéi sau: vi x{
ly, cdm bién gdc quay IMU (Inertial Measurement
Unit), dong co dién mat chiéu véi mo men xodn
cao cung chuong trinh diéu khién déng co (driver)
(Hinh 10).

Bén canh d6, phuwong phap diéu khién cda thiét bj
duwaoc trinh bay trong bai bao nay la sir dung cam
bi€n géc dé xac dinh s mat can bang cla tau be,
trén co s& dua ra luwu d6 thuat todn diéu khién cho
thiét bj.

2.2.Phuong phap nghién ctru

2.2.1. Phén tich nguyén nhén va nguyén ly giam
ldcngang

Dé khao sat chuyén déng cla tau ndi trén mat
nuwdc, ta st dung hé truc vudng géc nhu sau: Khi
tau dang dirng yén trén nudc tinh, khéng chuyén
ddng, chontrongtdm G clataulamgdctoa dé. Hé
truc toa do thiét 1ap theo nguyén tic tam dién
thuan (Hinh 3), trong dé truc Gz hudng Ién trén,
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ngugc chiéu lyc hat truong trdi dat; truc Gx
huwdng vé phia trwdc mii tau.

Hinh 3. Cac chuyén déng cla tau
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Tau bé neo dau trén mat nuwdec s& c6 3 chuyén déng
thang: doc truc Gx (Surge); doc truc Gy (Sway); doc
truc Gz (Heave — nhdi) va 3 chuyén déng quay:
quanh truc Gx (Roll — Ic ngang); quanh truc Gy
(Pitch—13ac doc); quanh truc Gz (Yaw).

Theo ly thuyét tau thay [2], d6i v&i tau bé c6 thé
tich lwgng chi€ém nudc khong dbi, cac tdc nhan
gady moémen cudng birc (goi la mémen nghiéng
M,)lam nghiéng quanh Gx trong gi¢ihanantoan
chualat (<o, . ). Dongthoitronglicnaythitrén
tau ciing xudt hién mémen phuc héi (M,,) tang
dan. Ban dau M,> M,,, tau sé nghiéng theo

huwdng M, tac dung, dén khi M, suy yéu hodc mat
dithi M, s& dua tau vé vi tri can bang, két qua |a
gay ra hién twvong chong chanh (1ac ngang). Vidu
don gidn nhat 13 khi tau neo dau trén mat nuéc
tinh bi gi6 thdi (Hinh 4), hop luc cla lyc phan bé
mat sinh ra b&i gid tdc dung 1én bé mat hirng gid
clatau, tao vditrong tdm G clia tau mét mémen
lam nghiéng tau, khi€n cho vi tri tdm ndi B thay
déi, tir dé lam sinh rangau luc (5,FB) déngvaitro
momen phuc ho6ivéditriso M, =D.GZ, trong dé6 D
la trong lwgng cla tau, I?Blé lwc ndi va GZ |a tay
dondéndinh.

B —
—_—
— 0
—
—_—

Hinh 4. Tau nghiéng trén mat nuwdc tinh dudi tac ddng cia mdémen nghiéng

Thoidiém dau khitaumdibigiétacdéng, GZ bé
nén mdémen phuc hdi mang trisé chuwaldn. Cung
véi sy gia tdng gdc nghiéng j, mémen phuc hoi
cling tdng|én. D&n mot thoi diém nhat dinh, khi
tri s6 momen phuc hoi bang tri s6 mémen
nghiénggayrabdigidotacdéngléntauthivantdc
nghiéng cling dat vé diém dirng. Sau d6 mdmen
phuc hodi xoay tau trd lai tai vi tri cAn bang ban
dau.

Nhu vay, dé gidm bién do Iac can phai tao ra mét
modmen chong lac nguoc chidu va cd tri s6 gan vai
tri s6 cia mdmen nghiéng M, ngay tlr thoi diém
daukhind bat dautacdung.

Thucté, tdcnhangayldcthuong cé tinh chuky va
taubé céthé cunglicchijutdcdungbdinhiéutac
nhan khac nhau. Tuy nhién hién twong lac cla
tauchldyéuladosongvagiotrén matnudc. Hién
twong xuat hién song do cac nguyén nhan nhu
gid, thay triéu, su lvuthéng cha cdc phuongtién
thay va cac hoat déng dia chat cla trai dat (dong
dat). Chuyén ddng séng nudc trong tredng hop
don gian c6 thé xem |a diéu hoa khong réi, tirc la
séng bién do nhd véi do dang song nhd hon
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nhiéulansovdichiéudaisong.

Chuyén ddng cua tau dudi tac dong cla song
diéu hoa cling la chuyén déng mang tinh chu ky,
hay con goi la dao dong (Iac tau). Trong trwdng
hop truc Gx cla tau vudng gbc v&i phuong
truyén soéng, khi dé tau s& cé chuyén dong lac
ngangdiéuhoa.

Nguyén nhan gay lac ngang & day la do sy thay déi
vi tri tdm ndi B theo sy thay d6i d6 dang nudc lén
man tau. N&u ky hiéu géc séng bang a=a, sin(st),
con géc nghiéng tirc thoi cla tau so véi mat nudc
tai thoi diém d6 dugcky hiéu bang F, géc nghiéng
cUatausovdimitnuwdcchudntinhj=F-a (Hinh5).
Ta c6 phuong trinh lac ngang cla tau trén séng
[2]nhusau:

(J, +m,)®+N, ®+D.GMD=D.GM.a,sin(ot) (1)

Trong d6, a, la géc séng I&n nhat; o la tan sé dao
dong ctia séng; (J.+m,,) la mémen quan tinh cla
tau doi vdi truc di qua M song song v&i Gx; Ny la
hé s6 can; @ I3 van téc géc nghiéng clia tau; @ 13
giatdc gdc nghiéng clatau.
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Bang phuwong trinh Ic ngang cla tau cé thé mo t3
gan dung chuyén ddng nay.

Néu ban dau tau dang & vi tri sé 1 nhu Hinh 6, khi
nudc dang [én bén man trdi Iam tdm ndi B dich
chuyén sang tréi. Cip ngau luc (D,F,) bat ddu gayra
mdmen nghiéng cudng birc diéu hdoa M lam tau
nghiéng clng chiéu déng hé. Cling lic nay trén tau
cling chiu tdc ddng bdi lyc can thuy tinh khién cho
tau nghiéng cham pha so véichu ky séng, hé s6 luc
can thay tinh Njj nay phu thudc vao kich thudc va
tai trong cta tau. & v tri s6 2 tau s& nghiéng nhanh

O

sang vi tri s& 3 khi GZ dat gia tri I&n nhat. Dén gitra
chu ky séng, cling v&i su chuyén dich dinh sdng,
tdm néi B dich chuyén qua phai nhu vi tri sé 4, khi
nay ngau lyc (D,F,) lai déng vai trdo mémen hoi
phuc dua tau v vj tri can bang s6 5. & % chu ky,
phan nwdc bén man trai ha xuéng lam tdm ndi B
dich chuyén qua phai nhu vi tri sé 6, dong thoi
ngau luc (E,EB) lam nghiéng tau sang vitrisé 7. O
cudi chu ky séng, tdm néi B dich chuyén qua tréi
nhuw vi tri s6 8, lic nay ngau lyc (B,FB) déngvaitro
momen hdiphucdwatauvévitrisd 1.

M

' o
o

Hinh 5. GAc nghiéng cla tau trén song

PHU'ONG TRUYEN SONG

CHU KY SONG

Hinh 6. Chuyén dong lac ngang trong mot chu ky séng

Ta thay & trwdng hop nay, néu cé thé ludn tao ra
mot mémen chdng ldc M, .., ngwoc chidu va cé tri
s6 twong duong vdi M, thi s& giam duogc bién do
lac ngang (Hinh 7). Va day ciing |a nguyén tac gidm
lac chung dé gidm lac.

Tuy nhién viéc xac dinh M _la khéng don gianvi M,
luén thay d6i, dac biét khi tau bj nhiéu tdc nhan
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gay lac cing mot luc. Cac phuong phap gidm lac
nhu sir dung vay hdng cé dinh, dung két chéng lac
ngang, bién d6ivo tau, 8n dinh 13c ngang bang vay,
giam lac ngang bang banh lai va s dung con quay
chd déng (flywheel) déu c¢6 chung nhau muc dich
la tao ra mdmen chdng |3c, tuy nhién mdi phuong
phap déu cé cach thirckhac.
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PHUONG TRUYVEN SONG >

antiroll (:)

CHU KY SONG

Hinh 7. Nguyén tic giam lac ngang

2.2.2. Phén tich nguyén ly gigm ldc cua thiét bj
con quay chu déng

Theo ly thuyét gan dung vé hiéu &rng con quay chu
déng [3] thi khi banh da quay vdi van téc géc o, va
khung gimbal cé v§nj6c gbc m, thi banh da sé sinh
ra mot ngau luc (N,N') tdc dong 1én 6 d& D va D,
(Hinh 8). Ngiu luc (N,N’) duoc goi 1a ngau
gyroscope, ky hiéu M, , c6 vécto ngrZJEolchZ. voi
triso M, =Jo,0,.

yr!

Gia st khi tau di trén sdng bi mémen cudng birc

M, dugc biéu dién bang ngau lyc (Q,Q’) (Hinh 8)
lam nghiéng nguoc chiéu déng ho, thi khi dé
thiét bj con quay 1ap tirc dwockich hoat détaora
M., cung chiéu d6éng ho. K&t qua la xuat hién
moémenchénglac:M, ., = M., cos O tacdunglén
gid treo (gdn clng vdi tau) dé lam gidm do
nghiéng cta tau. Khi mémen cudng birc M, d6i
chi@u, thi thiét bi con quay ciling chd dong déi
chiéu M,, nguoc lai tuong &ng. D6 chinh la
nguyén ly hoat ddng clathiét bigiaml3c sirdung
hiéu &rng con quay chd dong.

Hinh 8. Ngau lyc gyroscope va mémen cudng birc

2.2.3. Phén tich phuong phdp diéu khién cda thiét bi
DE gidm l3c, thiét bi phai thuc hién duorc cac yéu cau
sau: Nhan biét chiéu ca M, dé diéu chinh chiéu cla
moémen chéng lac M, .; Hiéu chinh théng s6 cla
déng co diéu diéu tiét (o,) va déng co banh da (o,)
dé tris6 clia M, ., ludn tién sat tri s6 M,

antiroll
DE thay déi chiéu ciia mémen chéng lac, thiét bi
chi can d6i chiéu M, cu thé la d6i chiéu 1 trong 2
théng s6 m, hodc o,. R rang, phai cd tri sé nhd
(lien quan dén géc 0 va chu ky 13c) cho nén dé tai
wu tri s, thiét bi con quay co tri s6 rat Ién do d6
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viéc d6i chitu o, tire thoi va lién tuc 13 khong kha
thi. Vivay, thiét bi sé chithay ddi chiéu quay o,.
Bén canh doé, dé thiét bj nhan biét khi nao phai doi
chiéu M, va khi nao bat/tat dong co diéu tiét Ia van
dé khéng don gian. Ta biét nguyén tac la M,, phai
nguoc vdi M,, nhung d6i véi nhitng chuyén dong
lac ngang phtrc tap khi cé nhiéu tac nhan gay lac
cung tac dung sé& kho cho viéc xac dinh chiéu ctia M,.
O bai bao nay dua ra cach gidi quyét twong duong,
d06 la chd dong dai chiéu M,, theo goc nghiéng cua
boong tau thay vi theo chiéu ctia M, (Hinh 9).
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=0 <0

Hinh 9. Diéu khién dong co diéu tiét theo géc nghiéng boong tau

Métkhac, dé chénglachiéuquathitrisdclaM, ..,
can phai tién sat nhuwng khéng duoc vuot qua tri
s6 M. Nhu d3 n6i & trén viéc xac dinh tri sé va quy
ludt M &truong hop dao dong phirc tap la rat kho.
Trong khi d6 thi mdmen chéng I&c M_ ., chi hiéu
qua & thdi diém 0 =0°va giam dan va 0 khi| 0= 90°.

Dédongianhdabaitodn diéukhiéntachon M
= My, trong dé Mph'= D.(GZ,_)la tri s6é mémen
phuc héi I&n nhat cha tau trén mat nudc chuan
tinh; GZ__ 13 tay don 6n dinh I&n nhat ma tau van
chua bi tran nudc vao, né phu thudc vao hinh
dang, kich thwdc riéng cla tau. Cha vy, vdi cach
diéu khién nay chi cé thé gidm l3c ch&r khong thé

triéttiéu hoantoan.

Mach diéu
khién
BLDC

‘ 24vDC ‘
T s

Khoi bién déi

T cac phan tich trén thiét bi diéu khién clda hé
théng ngoai bd ngudn nudi va déng co chinh diéu
khién banh da duwoc diéu khién tryc ti€p qua
driver va chiét 4p thi viéc kiém soét géc quay o,
goém céac khdi sau: vi xtr ly, cdm bién gbc IMU, déng
co DC véi momen xodn cao cung driver diéu khién
dong co (Hinh 10). Vi x& ly 8 bit Atmega 328p st
dung két hop vdi cam bién géc IMU MPU6050 dé
xac dinh géc ¢ (roll) gitta mat boong tau va mat
nuwdc tinh. Viéc xir ly sai s& gdc quay dugc thuc
hién bang cach s&r dung b loc bu véi hé s6 bu lan
lwotla 0.9 va0.1chohaigdcroll va pitch [4] v&itan
s& xt ly 18y mau 1a 250Hz tuong thich véi chuan
giaotiép 12Cdang duwgc st dung véivixer ly [5].

BLDC
motor

dién ap ngudn

5VDC 5VDC

PWM

Hé thong giam lac
(phan co khi)

12VDC \

Vi xt ly
ATmega 328

IMU 12C
MPU6050

DIR BTS 7960

p

Hinh 10. So d6 kh&i nguyén ly hép diéu khién cua thiét bj

Ban dau mat nwdc tinh thi @ = 0. Khi chju tdc dong
b&i mémen cudng birc clia séng thi ¢ =0 déng nghia
véi viéc tau lac ngang trai hodc ngang phai. Ta thiét
1ap cho cam bién géc nhan ¢ > 0 (¢ < 0) khi nhin tir
mdi tau thay tau lac nguoc chiéu kim déng ho (cung
chiéu déng hd). Ta lya chon vécto o, déng co banh
da ludén cling chiéu vdi truc Gz. Dua vao théng tin tir
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cadm bién 1a hdp diéu khién s& truyén tin hiéu diéu
khién déng co diéu tiét quay khung gimbal sao cho
vecto @, cung chiéu (nguoc chiéu) vdi truc Gy cua
tau. N&u ¢ =0 thi ngat dong co diéu tiét va m, =0.

Viéc nay duoc thyc hién nho sy hd tro clia ddng co
DC vdi bd gidam t6c va mach diéu khién BTS7960
(Hinh 10). Ngoai ra, dé tang tinh lién tuc cda hé
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théng diéu khién d6 thi phu thudcvan téc quay cla
dong co DC vao gdc sai léch ¢ da dwoc xay dung
nham tang tinh dap &ng clia hé théng. Pac tinh cla
ham phu thudc nay phu thudc vao tinh chat cdia hé
théng. Trong qua trinh th& nghiém hién dang st
dung do thi tuyén tinh tir 0° dé&n 35°. Lwu d6 thuat
todn va bd phan diéu khién hoan chinh dugc thé
hién nhutrén Hinh 11.

BAT PAU

Thiét 1ap van téc BLDC
+Xac lap vi tri can
bang ban dau

Xac dinh goc
Iéchthan tau roll st
dung IMU

Dirng chwong

Tau can bang

Diéu khién chiéu quay
va van toc quay cua

dong cooDC ‘

KET THUC

Hinh 11. Lru d6 thuat todn cla hé théng diéu khién
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3.KET QUA VA BAN LUAN

3.1. Phwong phap danh gia hiéu qua cha thiét bj
tréntau mo hinh

Dé danh giad hiéu qua giam lac clia thiét bj con quay
diéu khién theo géc nghiéng cia boong tau, nhém
tac gia da ché& tao mot nguyén mau thiét bj dwoc
|3p trén tau md hinh va ghinhan kha nang gidm lac
vdicacdiéukiéngay lacnhantaonhusau:

+ Séng diéu hoa, cd bién dd thay d6i nhung chiéu
caoséng khdng déi.
+So6ng diéu hoa, cé bién d6 khong ddi nhung chiéu
cao séng thay déi.
BE nuwdc dung lam thi nghiém cé kich thudc
500x300x150cm. P& taoséngnhantao cénhiéu
phuong phap, trong thuc nghiém nay sir dung
phuong phdp tay quay con truwot. Con truwot cé
hinh dang nhuv Hinh 12. khi con trugt chuyén
dong tinh tién Ién xudng s& lam cho thé tich
nwdc co gidn lién tuc sinh ra séng. D& thay déi
chiducaosdng, tathay déiquang dudngchuyén
dong cla con truot va dé thay ddi budc séng
(tAns6song)tathaydditécddcontruot.

con truot

Hinh 12. Co ciu tay quay con trwot dung dé tao
séng nhan tao

Ngoai ra, dé triét tiéu sdng phan xa tir thanh bé, ta

thiét k& bé thir sao cho phan ddy bé 13i dan vé phia

cudi bé, nhu vay khi séng truyén dén cudi bé s& bj

tan matdan.
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Tachontaumo hinh co:
+Kich thudc chinh:
daixréngxcao=80x20x15cm.
+Luwgnggian nwdc D =10kg.
+ Canh tay don &n dinh do thuc nghiém GZ = 0.05m.
Nhu vdy mémen héi phuc cla tau:
M =D.GZ™ = 5Kg.m

Hinh 13. B& nudc thir nghi

1

Can c&r vao mémen phuc héi ta ché tao thiét bjcon

quay co:

+Banh da lam bang thép C45 cé khdi lvong riéng
r =37850 kg/m’, dang dia tron véi duong kinh
12cm va day 1.35¢cm, ¢cé mémen quan tinh J =
2,16.10°kg/m

+Slrdung dong co khdng chéithan 3 phalam déng
cobdnh dacétéc dd n=5600vong/pht.

+S{rdung ddong co budclam dong co diéu tiét.

ém

Hinh 14. Phan co khi cGa thiét bi con quay |3p trén tau md hinh

Hop diéu khién gdbm cac linh kién: Vi xir ly 8 bit
Atmega 328p st dung két hgp véi cam bién géc IMU
MPU6050 dé xac dinh gdoc j (roll) gitta mat boong
tau va mat nudc tinh. Viéc x{r ly sai s& gdc quay
duwoc thye hién bang cach sir dung bo loc bu véi hé
s6 bu [an luot 1a 0.9 va 0.1 cho hai gdc roll va pitch
[4] v&i tan s xtr ly 1ay mau 1a 250Hz tuong thich véi
chuan giao tiép 12C dang duoc sty dung vai vi x{r Iy.

ISSN: 2615 - 9686

Ngoai ra, dé ting tinh lién tuc cia hép diéu khién,
dd thi phu thudc van téc quay cta ddng co DCvao
géc sai léch j d3 dwoc xay dwng nham tang tinh
dap ng cua hé théng. Pac tinh cla ham phu
thudc nay phu thudc vao tinh chat cha hé théng.
Trong qué trinh thi&r nghiém hién dang s&r dung d6
thi tuyén tinh tir 0° dén 35°. HOp diéu khién hoan
chinh duwocthé hién nhw trén Hinh 15.

Hinh 15. Hop diéu khién hoan chinh
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3.2. Két qua phan tich

Tién hanh |13p rap thiét bi 1én tau mé hinh, thyc
hién tao cac dot song nhan tao véi bién do séng
khac nhau. Do kiém tra gdc nghiéng cua tau khi

Khi gir nguyén chiéu cao séng 2{, = 0.05m, thay
doi buwdc séngtang dan tir A = 0.4m dén gidi han
A = 0.8m. K&t qua phan tich cho thay hiéu suat

batvatatthiétbjcon quay. gidamlaclakhatottheoBang 1.

Bang 1. Thuc nghiém hiéu suat gidm lac véi cac budc séng khac nhau

. Géc nghiéng cha tau ! )
Bwdc séng Chiéu cao song (dd) Hiéu suat giam lac
STT ? .
(m) (m) — — (%)
Chwa bat thiét bi Pa bat thiét bi

1 0.4 5 0.22 95.6
2 0.5 7 0.3 95
3 0.6 0.05 10 0.7 93
4 0.7 15 1.25 91
5 0.8 20 2 90

Két qua phan tich cho thay hiéu suat giam I3c [ khdng cao
nhu truong hop trude, tuy nhién van khd tét theo Bang 2.

Khi gitt nguyén budc song A = 0.8m, thay d6i chiéu cao
song tang dan tlr 2C = 0.01m dén gi6i han 2¢ = 0.05m.

Bang 2. Thyc nghiém hiéu suat gidm I3c véi chiéu cao séng khac nhau

STT Budc song Chiéu cao séng Goc ngh;grg? cta tau Hiéu suat gidm lac
(m) (m) Chwa bat thiét bj | DA bat thiét bj %)
1 0.01 13 1.84 85.8
2 0.02 19 3.2 83
3 0.8 0.03 28 4.89 82.5
4 0.04 34 6.21 81.7
5 0.05 40 7.78 80.5

Ghi chu: Két qua trén méi diéu kién Idc la két qué trung binh cda 03 Ian thir nghiém.

4.KETLUAN

Bai bdo d3 dua ra phuong phdp diéu khién thiét
bi con quay dé gidm lac ngang cho tau kich thudc
nho theo gdéc nghiéng cla tau dé lam don gian
hda bai todn diéu khién. Trén co sé& thuc nghiém,
tac gid thay rang thiét bj con quay nay ¢ thé lam
giam tac dong 1ac ngang, tuy nhién khong dap lac
hoantoanduoc.

Mt khdc, hiéu qua gidm lac cla thiét bi phu thudc
vao dd chinh xac cta cdm bién vi trong qud trinh

thuwe nghiém xdy ra hién tuwgng mat én dinh do
cam bién duwa thdng tin khéng chinh xdc.

Do thyc nghiém dugc thyc hién trén tau mo hinh
va trong diéu kién dao déng ly twdng cho nén két
qua thuc nghiém chi cé tinh tham khao dé minh
chirtng kha ndng gidm l3c ngang theo phuong
phdp bai bdo duwa ra. Hwdng nghién clru tiép theo
1 dwa trén két qud thuwc nghiém mé hinh dé ché
tao thiét bjchotaukich thudcnhodvathycnghiém
trén séng nudc that dé cainhin khach quan.
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Application of gyroscope on reducing rolling movement

for small boat
Le Cong Danh” and Luu Tuan Anh

ABSTRACT

The article presents the method to utilize active effect of gyroscope instrument for decreasing rolling
movement on small ships, with size of 7 to 25 meters in range and water expansion about 100 tons,
moorings on the low oscillated amplitude water. Despite the application of gyroscopic effect that was
known as well, it is found out difficult to control. The scope of this article claims to give design of
equipment and effective control method for better using with this effect. The content of this article
begins with depicting the reasons of rolling movement and common principle to cut it off. Based on that,
article draw the way to decrease rolling movement by using active effect of gyroscope instrument. The
next part of article, illustrating design and algorithmic control for that equipment, considered the main
point and related to newly achievement. The experimental results, obtained by testing equipment with
above principle on a modelship in artificial conditions, demonstrate the ability to forward research.

Keywords: Horizontal shake, gyro effect, floating center, Inertial Measurement Unit (IMU)
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