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TOM TAT

Bai bao gioi thiéu phuwong phap xdy dung mé hinh toan dao dong cua tau thuy va moé hinh tdi
trong ciia song bién, phuc vu cho viéc tinh todn Iy thuyét dao dong cua tau trén co so ung dung hé
théng mé phong hang hai MSS (Marine Systems Simulator). Pong thoi, trong phan thir hai, bai
bdo dé xudt gidi phap xdy dung hé thong thiee nghiém do dao ddng ciia tau trén séng va sir dung
cam bién vi co dién tir quan tinh IMU (Inertion Measurement Unit) dé thuc hién phép do dao
dong. Két qua do dac phit hop véi két qua tinh todn bang 1y thuyét (vé bién d4, tan sé va pha dao
dong). Tir d6 c6 thé khang dinh rang, phirong phép do dwoc sir dung trong nghién ciru 1 tin cdy.
Tir khoa: Dao dong ciia tau; Chong chanh; Dao dong tinh tién; Dao dong ngang; Dao dong thing dimg; Dao dong
doc truc.

1. PAT VAN PE

Do anh hudng ctia séong, moi vi tri cla tau bién déu bi dao dong, ngay ca khi tau neo dau trong
cang ciing nhu khi chiing hoat dong trén bién. Piéu d6 anh hudng dén chat luong, hidu qua hoat
ddng clia cac thiét bi bd tri trén tau nhu anten vé tinh, rada, hang hoa va céc thiét bi khac,... [1].

Dé vii khi va cac khi tai trén tau hai quan co thé 6n dinh va hoat dong hiéu qua thi khi lap dat
trén tau, chung can dugc hiéu chinh dua trén viéc do dac cac dao dong cua tau thong qua thur
nghiém ¢ cac diéu kién khai thac khac nhau (khi tau chay ¢ cac cap song, cac tbc do va cac
phuong truyén song khac nhau,...). Tuy nhién, trén thuc té, khong thé tién hanh do dac dugc dao
dong cua tau & tit ca cac truong hop khai thac c6 thé c6 cua tau boi sb luong cac do dac nhu vay
1a rat 16n cling nhu chi phi cho mét 1an do dac 14 rat tén kém. Béi vy, ngudi ta thuong xdy dung
cac mo hinh vat 1y, mo hinh toan mé ta qua trinh chuyén dong, dao dong dé khao sat tinh toan,
diéu khién hé tau theo mong mudn, trén co sé mot sb gia thiét vat 1y va co hoc [2-5].

IHeave

Hinh 1. Cdc dao déng cia tau.

Theo cach tiép can d6, nguoi ta thuong coi tau 1a mot vat ran tuyét ddi tw do va s& dao dong
v6i day du 6 bac tu do khi chuyén dong trén mat nude (hinh 1), bao gdm: chong chanh tinh tién
doc (Surge) 1a dao dong tinh tién cua tau doc theo truc doc Ox;: chong chanh tinh tién ngang
(Sway) — dao dong tinh tién ctia tau doc theo truc ngang Oy; chong chanh thang ding (Heave) —
dao dong tinh tién cua tau doc theo truc thang ding Oz; chong chanh man (Roll) — dao dong ciia
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tau quay quanh truc doc Ox; chong chanh séng chinh (Pitch)— dao dong cta tau quay quanh truc
ngang Oy; chong chanh déo 14i — dao dong cua tiu quay quanh truc thing dung (Yaw) [6, 7].
M&i mot loai chong chanh cé thé quan sat dugc mot cach riéng biét hodc trong su twong tac déng
thoi voi nhau.

Noi dung bai bao niy s& gdm hai phan: phan thir nhat 14 xdy dung mé hinh toan dao dong cia
tau thuy va mo hinh tai trong cia song, phuc vu cho viéc tinh toan 1y thuyét dao dong cia tau
trén co sé tng dung hé théng mo phong hang hai MSS (Marine Systems Simulator); phan thir hai
1a giai phap x4y dung hé théng thuc nghiém do dao dong cua tau trén song, két qua thyc nghiém
s& dugce so sanh v6i két qua tinh toan 1y thuyét trén phan mém Matlab.

2. XAY DUNG MO HiNH TOAN MO PHONG DAO PONG CUA TAU

2.1. Md hinh co hgc hé tau bién

Véi cac cong trinh bién di dong noi chung va tau bién ndi riéng, khi chuyén dong trén bién
chung s& dao dong voi day du 06 bac tu do gdm ba chuyén dong quay va ba chuyén dong tinh
tién. Do vy, mudn dinh vi tau trén bién ta cin sir dung hé 6 toa do doc lap dé xac dinh vi tri va
huéng cuia ching. Ba toa d6 va dao ham theo thoi gian cua chiing duoc sir dung dé biéu dién vi tri
va chuyén dong tinh tién cua tau theo cac truc Ox, Oy va Oz. Ba toa do con lai va dao ham theo
thoi gian cua chiing duoc str dung dé mo ta hudng va chuyén dong quay cta tau. Bang 1 biéu dién
ky hiéu cac tham s6 dao dong, luc mo6 men tac dung 1én tau dudi tac dong cua song bién.

Bdng 1. Cdc ky hiéu dwoc sit dung trong tinh toan dao dong ciia tau trén song.

STT Tén cac dao dong cua tau L}r ¢ va Vé{l téf dﬁi, va | Vitriva cic goc
moO-men van toc géc Euler
1 | Tinh tién theo truc x (surge) X u X
2 | Tinh tién theo truc y (sway) Y v y
3 Tinh tién theo truc z (heave) Z W z
4 Quay quanh truc x (roll) K p ¢
5 Quay quanh truc y (pitch) M q 0
6 Quay quanh truc z (yaw) N r v

Dé xac dinh cac dao dong cia tau trén song, trong MSS sé str dung hé quy chiéu véi ba hé toa
d6 khac nhau gom: Hé toa do c6 dinh gan trén bo OX,YnZn (N-frame); hé toa do lién két gan cod
dinh trén tau GX,Y,z, chuyén dong cung vdi tau (b-frame); hé toa do di dong theo tau OX, Y,z
nhung ¢b dinh so véi trang thai cin bang cua tau (h-frame) chinh 12 hé OX,YnZn di chuyén theo
tau dugc mo ta trén hinh 2.

X, Hudng béc

¥y Huong dong

4‘ Quay quanh truc 0y

Zy 6 vy Tinh tién doc truc Oy

Huéng xubng
dudi

Zp w Tinh tién doc truc 0z

Iz
Hinh 2. M6 hinh co hoc hé tau bién.
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béi véi hé quy chiéu n-frame, vi tri cta tau, van toc dai, van tdc gdc cua tau duoc biéu dién
theo vector sau:
Vi tri tau:
T
p'=[n e d] (1)
O day, n, e, d tuong ung 1a toa d béc, toa do dong va toa do xudng dudi theo huéng OZ,
trong hé¢ quy chiéu OX.,Y, gan v6i Trai Dat.

Goc Euler:
=[¢ 0 v ¥y

Vi tri va goc Euler cua tau 1a vi tri va goc ctia hé toa d§ GXoYuZb so voi hé toa do OXnYnZn Va
duoc biéu dién dudi dang vector sau:

n=[(p“)T,®T ]T =[ned,$0,p] A3)

Doi v6i hé quy chiéu b-frame, van toc dai, van toc goc, luc tac dung Ién tau duoc biéu dién
duéi dang vector nhu sau:
- Van toc dai:

Vi =[u,v,w]' (4)
- Van toc goc:
of =[p.ar] (5)
- Luc tac dung 1én tau:
=[x v zJ (6)
- M6 men tac dung 1én tau:
=[K M NJ @
- Van tbc dai, van tbe gbc cia tau tuong tng véi vi tri G dugc biéu dién dudi dang vector sau:
v= [v ] =[u,v,w, pqr] (8)

Luc va md men tac dung 1én tau xét dudi hé quy chiéu h-frame, duoc biéu dién duéi dang
vector nhu sau:

tes =[12.m3 ] =[XY.ZKMN] 9

2.2. Phwong trinh vi phan chuyén déng ciia tau
Trong muc nay, chuyén dong va dao dong cta hé tau, dudi sy tac dong cta song bién dugc
md hinh hoa véi cac phwong trinh vi phan chuyén dong dugc viét & dang ma tran dai sd.

Pong lyc hoc phi tuyén mé ta chuyén dong tau duoc xac dinh theo phuong trinh sau [8]:
MggV+Cprg (V)V+M,V, +C,o(V)V, +D(V)V, +p+g(m)=7+1, (10)
Trong d6: Mg la ma trn quan tinh cua tau; Cgg(v) 1a ma trin hudng tdm cia tau; M, la
ma trdn quéan tinh khéi lwong nude kém; C,(v)1a ma tran huéng tim bo sung cta khdi lugng
nude kém; D(v) 1a ma tran dao dong tit dan; p 13 anh hudng bd sung ciia do nhot chat long;
g(n) 1a vec-to lyc va mé men ndi, T 1a vec-to diéu khién dau vao; 7, 1a vec-to nhidu méi truong
(giod, song va dong chay).
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Dao dong 1a mot phén cua Pong luc hoc, phuong trinh dao dong cia tau cod thé dugc biéu
dién dudi dang vector sau:

MggV +Crg (V)V="Tgg (11)
Trong do: v=[u,v,w,p,q, r]T la vec-to van tdc, gin trong hé quy chiéu b-frame;
Trg = [X Y, Z,K,M,N ]T la vec-to ngoai lyc va mo6 men tac dong vao tau.
Ma trén quan tinh cta tau Mg dugc xac dinh theo cong thirc:
Meg { e _mS(rg)] (12)
mS(ry) I,
Ma tran huéng tim Cpg (v) c6 thé dugce tinh toan tir Mg nhur sau:

03,3 = ( My v; + M;,v, ) }

13
=S(Myv, +Mp,v,) —S(Myv; +M,,v,) (13)

C(v)={
véi v, = [uvw] : vzz[p,q,r]T.

2.3. M6 hinh t&i trong song
Tai trong séng bac nhat tic dung 1én tau Gng véi hé quy chiéu h-frame
T [r;jl,r;fl,r;fl,rv*jl,r;fl,rWl] duge tinh toan tir ham chuyén lyc T'(;, ;) ddi véi bac tr do

thi i (i=1..6). Tong hop luc 13 tong ciia cac song thanh phan:

N
=24 ‘Tj' ‘cos(a)jt +, +arg(Tj')) (14)
j=1
Tai trong dat do song dugc xac dinh bdi cong thuec:
N N
Tw2 :Zzgjé/k-rjlkz COS((a)k —w))t+ @ —60,') (15)
j=1 k=1

Trong d6, ¢; la goc phava T;* =T,? =1(Tj‘j2 +Tkik2) .
2
Trong hé quy chiéu b-frame, lyc dat do séng duoc xac dinh theo cong thirc:

Tw2 _HT( 2)|: Tw2re :|T (16)

Cac md hinh toan vé dong luc hoc, dong hoc cua tau va md hinh tai trong song noi trén dugc
dua vao hé MSS d€ tinh dao dong cua tau trén song va dugc xem nhu két qua 1y thuyét d€ doi
sanh voi két qua thyc nghiém ¢ muc 3.

3. THU'C NGHIEM PO DAO PONG CUA TAU TREN SONG

Trén co s6 st dung bo cam bién do ludng quan tinh IMU dé do dao dong tau, phuong phap
do va hé thong do dao dong cua tau trén song cling nhu phuong phap xac dinh dao dong cho hé
thong vii khi dat trén tau duoc tién hanh nhu sau:

3.1. Phwong phap do va tinh toan dao dong

Nhu trén da dé cap, dao dong cua tau duoc qui vé trong tim G, do do6, vé nguyen tac, phai dat
thiét bi do tai trong tim G cua tau, song diéu nay la khong thé. Chinh vi thé can phai tim giai
phap dé c6 thé dat IMU do ¢ bat ky diém ndo trén tau ma van qui dugc két qua do vé dlern trong
tam G. Phép bién ddi toa do thuan nhét gitp thuc hién qua trinh chuyén ddi theo nguyén tic sau.
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Goi hé toa d¢ do 1a Dx,y,z,, trong lan do thr i hé nay co6 cac goc o le so voi hé toa do lién
két Gx,y,z, 12 B*, B, B va tam D cach tim G mot doan GD c6 cac hiéu toa do giita 2 diém 1a
(Xi, Yi, Zi), n6i cach khac (xi, i, zi) 14 toa d6 cua D trong hé lién két Gx,y, z, . Gia st lan do thir i
do dugc véc to 6 toa dO g = [n,, i, 6,6y, ]T thi két qua do nay duoc tinh qui doi vé tim G
theo cbng thuec:

i =T -ng =T, -y 17)

Trong d6, Ti 12 ma trdn chuyén d6i 1a tich ciia 4 ma tran thuan nhat, ma tran tinh tién M theo
3 toa d0 Bé-cac va 3 ma tran quay theo cac goc o le, tinh theo cong thirc (18).

T, =R, (A7) R, (8’) R (B)- M(x.%.2) (18)
voi

cospt singr 0 0 cosp’ 0 sing’ 0
R (ﬂz): -sing? cosp’ 0 0] R (ﬂ-y)z 0 1 0 0
S 0 0o 10| W sing? 0 cosp! 0

0 0 01 o 0o o0 1

10 0 0 100 x
R (5°) = 0 cosg* sing* 0] M(x.y.2)= 01 0 vy,
()= o « ol PIE) S0 0 1 g,

0 —sing® cosp’ O i

o0 o N 000 1

Pé tang tinh khach quan va do chinh xac cua phép do, ta thuc hién k phép do tai k vi tri khac
nhau trén tau. Khi do, tor 7, 7,, ..., 77, s€ tinh dugc 7 tai tdm G (gom 7 trung binh va phuong

sai phép do). Néu tai md vi tri do ta thuc hién n phép do thi s& c6 k.n phép do va theo Iy thuyét
xéc suat thong ké, s& tang thém do chinh xac két qua do.

Hinh 3 1a so d6 biéu kién hé toa d6 do va hé toa do vii khi trén tau.

Hinh 3. Toa do do va toa do vii khi dat trén tau.

Sau khi c6 sb liéu dao dong ciia tau #, ciing véi phép bién doi ma tran thuan nhat, ta s& tinh
duoc dao dong cua h¢ thong vii khi dat trén tau.

Gia sur vil khi tai diém V voi hé toa d0 lién Kkét VXyz ¢6 cac goc o le so vdi hé toa do Gx, Y, z,
la BB, B va (X, Y, zv) 1a toa do cua V trong GX,Y,z, thi twong tu nhu (17) va (18), ta cling

¢6 ma tran Ty va tinh duoc dao dong #v cta vii khi theo cdng thic:

n=T,-m=>n=T"1n (19)
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3.2. Céu tric hé théng do dao dong bang cam bién vi co dién tir quan tinh (IMU) va xiy
dung qui trinh do

Thiét bi do sir dung trong thuc nghiém do dao dong cua tau trén song la IMU 6 béc ty do, tich
hop trong d6 3 gia toc ké va 3 con quay hoi chuyén do véan tde goc ciia 3 truc. D6 1a cam bién do
dao dong IB6 cua hang Texense - Phap, chuyén st dung dé do dao dong cia hé chuyén dong dya
trén cam bién gia toc trén 3 truc va van tdc goc cua 3 tryc. Tur gia tri 6 tham s6 do dugc cia IMU
s tién hanh phan tich, tinh toan ra cac tham s6 dao dong cua tau gém: lic ngang (Roll), chong
chanh séng chinh (Pitch), chong chanh dao 1ai (Yaw), chuyén dong tinh tién theo cac truc 0x, Oy
va 0z (Surge, Sway, Heave).

Thanh phan ciia hé do dao dong bao gém: Cam bién IMU két ndi v6i may tinh, phan mém
thuc hién do, tinh toan va phan tich. Ngoai ra, con st dung thiét bi phan tich va thu thap dir liéu
DEWE3020 (cta hing DEWETRON - Ao) dé xir 1y tin hiéu do. Vi hé thng thiét bi trén, quy
trinh do duoc tién hanh theo 6 buoc: 1- Chuan bi trang thiét bi va vi tri lap dit trén tau; 2- Khoi
dong thiét bi va két ndi véi phan mém; 3- Hiéu chinh cén bang thlet bi do; 4- Thyc hién do dao
dong cua tau; 5- Phan tich dit liéu thu dugc trén mién thoi gian, mién tan sb; 6- Bo cdo gid tri da
phan tich dugc.

3.3. Thue nghiém do dao ddng ciia tau trén séng bién thue

Mau tau duoc tac gia lya chon phuc vu cho thuc nghiém la tau tuan tra ST-250 duoc thiét ké
hoat dong trén ving bién Viét Nam tuong duong vung hoat dong cép han ché II theo Quy pham
“Phén cap va dong tau cao toc” cua Pang kiém Viét Nam nim 1998. Céc thong s6 k¥ thuat cua
tau dugc trinh bay trén bang 2.

Qua trinh thgc nghiém do dac dao dong cua tau dudi tic dong cua song bién thuc duoc thuc
hién duéi cac diéu kién sau:

- Khu vuc dién ra thir nghiém: Cach bo 18 hai 1}'/, tai khu vuc bién Bach Long Vi.

- Piéu kién mdi truong: Trong diéu kién song cép 4 theo bang cip gi6 va song cua Viét Nam
(tbc d6 gio; chiéu cao song trung binh), tbe d6 dong chay thuc té.

- Phuong truyén song so véi phuong chuyén dong cua tau: Tau chay ngugc song (song t6i).

- Tau chay tai chidu chim T = 4,85 m, v6i d6 chiii bang khong, chay ¢ toc d6 V = 10 knots

Bdng 2. Cdc thong sé kj thudt ciia tau tudn tra ST-250 (theo tdi liéu khai thac tau).

Cic thong s6 hinh hoc Ky hiéu | Ponvi | Kich thwéc tau
Chiéu dai 16n nhat Lmax [m] 27,60
Chiéu dai thiét ké Ltk [m] 25,33
Chiéu rong 16n nhat Bmax [m] 6,50
Chiéu rong thiét ké Btk [m] 5,80
Luong chiém nudc day tai Amax [t] 84,7
Luong chiém nudc trung binh Atb [t] 78,00
Cong suat may chinh Ps [BHP] 02x1500
Téc d6 tau 16n nhéat & luong chiém nude trung binh \Y/ [knots] 25,00
Kha ning di bién cua tau: chiu duoc cip song 6 cip
gio 8 trong thang Beaufort
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3.4. Két qua thwe nghiém va tinh toan

Trén hinh 4 13 hinh 4anh két qua do dac cac dao dong cua tau trén song tré

——

n tau tuln tra ST-250.
= 1y

ek

Ay

Hinh 4. Hinh anh két qua do dac cdc dao ddng ciia tau trén séng trén tau tuan tra ST-250.
Két qua do dac thuc nghiém cac dao dong cua tau so véi két qua mo phong tinh toan (mg voi
diéu kién thir nghiém duoc trinh bay trén cac hinh 5 <+ hinh 13.

% I I ] i —— Két qui do !
b -~ Tinh todn
20 |
= 10 1
g j i
& ‘ J
g | |
< i
° il f i
ar ¥ 1
{
30}
40 L 1 1 L 1
0 10 20 40 50

Thoi gian [gidy] G

Hinh 5. Két qud do dac va mé phéng dao déng ldc ngang ciia tau trén séng chéo B, =45°.

4 T T T T T
—— Kbt qui do

3 ~=~Tinh todn 8

2 1
g v )
E 1 [ Y \ H"n"‘
3 0 4! L
3 | b 1“ :
%.1 ! | i |“ ,
e 11 |

-3 i i

-4

s I 1 I I I

0 10 40 50

30
Thi gian [gidy]

Hinh 6. Két qud do dac va mé phéng dao déng ldc doc ciia tau trén séng chéo B, =45°.

4 T T T U T
{ —— Két qui do|
] -~ Tinh todn
3 !
I
j
E
£
3
&
£
3
=
S -
24
3 L

20 30
Thoi gian [gidy]

Hinh 7. Két qua do dac va mé phéng dao déng thang dimng ciia tau trén séng chéo B, =45°.
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40—

Dao ding lic ngang [d§]

e 1 20 This gian [giay]

Hinh 8. Két qud do dac va mé phéng dao déng ldc ngang ciia tau trén séng chéo B, =90°.

3

2

[

<
T

Dao djng Lic doc |dd]

~

b9
T

'S

T

=T
—Két qui do
==-Tinh toan

3 .

10

Hinh 9. Két qua do dac va mé phéng dao déng ldic doc cia tau trén song chéo f3, =90°.

Dao djng thing dimg [m|
LA & % & © = N W a »n o
—T T

20 L. . 30
Thoi gian [gidy]

T
~—Két qua do
---- Tinh toin

o
S
o
e

Thoi gian |gidy]

30

Hinh 10. Két qua do dac va mé phong dao dong thang dimg ciia tau trén séng chéo B, =90°.

30 T T

Dao djng liic ngang [a§]
o
el

20 30
Thai gian|gidy]

Hinh 11. Két qua do dac va mé phong dao dong ldc ngang ciia tau trén séng chéo B, =135°.
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=
— Két qui do |

--Tink todn |

Dao djng e doc [dd]

40 50

0 10 20 X 30
Thivi gian [gidy]

Hinh 12. Két qua do dac va mé phong dao dong lac doc ciia tau trén séng chéo B, =135°.

3

Dao djng thiing dirng [m]

0 30
Thai gian [gidy]

Hinh 13. Két qua do dac va mé phong dao dong thing dimg ciia tau trén séng chéo B, =135°.

Ttr cac két qua thu duogc ta co6 thé dua ra mot s6 nhan xét sau:

- Bién d6 dao dong lic ngang (roll motion) ciia tau dat gia tri nhat khi tau chay trén song chéo
B, =90°. Pay la truong hop dic biét nguy hiém c6 thé dan dén 1t tau va trong thuc té khai thac
nguoi ta khong chay tau theo phuong séng cdp man;

- Dao ddng thing ding (heave motion) cuia tau 16n nhat khi tau chay trén song theo va nho
nhat khi chay trén séng cap man;

- Dao dong chong chanh sdng chinh (pitch motion) ciia tau dat gia tri 16n nhat khi tau chay
trén séng chéo f3, =45°va 3, =135° va dat gia trj cuc tiéu khi no chay trén séng cap man.

Céc két qua tinh toan va do thu dwoc nay hoan toan phu hop véi quy luat thue té dao dong
cua tau trén song tai cadc phuong truyén song khac nhau. Tuy nhién, két qua tinh toan va két qua
do c6 su khac nhau vé bién dg, pha do trong tinh toan khong thé b6 sung cac yéu to anh hudng
nhu gid, dong hai luu. Tuy nhién, sy chénh léch giita két qua do va tinh toan nam trong gidi han
cho phép. Cu thé, cac pha dao dong trong cac truong hop cé su sai 1€ch khoang 0,5 gidy.

Tir cac phan tich & trén ta c6 thé két luan rang, phuong phép do dao dong tau thyc té ngoai
bién ma tac gia d€ xuat la tin cdy va co thé sir dung dé do cac dao dong trén tau. Két qua do dao
dong co6 thé sir dung trong viéc tinh toan, bo tri khi tai lap dat trén tau dam bao diéu kién lam
viéc tot.

4. KET LUAN

Bai bao da xay dung duoc quy trinh do, tién hanh do va so sanh két qua do dac duogc véi két
qua tinh toan dao dong cuia tau trén séng bang phuong phap ly thuyét. Két qua do dac va ket qua
tinh toan bang 1y thuyé€t rat sat nhau (v€ bién d9, tan so6 va pha dao dong), tur d6, khang dinh
phuong phép do ma tac gia xay dung la tin cay.

176 V. T. Tii, N. Q. Hiing, C. A. My, “Xdc dinh cdc tham sé dao dpng ... dwéi tic dong ciia séng.”
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ABSTRACT
Determination of vibration parameters of the ship under the action of waves

This paper presents a method to determine the mathematical model of ship's vibration
and load model of ocean waves, serving the theoretical calculation of ship's vibration by
using an application of the Marine Simulation System - MSS. Simultaneously, in the
second part, the article proposes a solution to carry out an experimental system for
measuring the ship's vibrations on waves and using an inertial mechatronic sensor (IMU)
to perform the measurement. The measurement results are consistent with the theoretical
calculation results (about amplitude, frequency, and phase of oscillation), from which it
can be confirmed that the measurement method used in the study is reliable.

Keywords: Vibration of ship; Yaw; Pitch; Heave; Roll; Surge; Wave; Sway.
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