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TOM TAT

Bai bdo trinh bdy két qua nghién ciru xdy diung mé hinh tdi tao lai dao déng ciia tau bién trén
co so robot song song 6 bdc tw do dang Gough — Stewart. Dit liéu dao dong tai trong tam tau bién
dwoc tinh todn boi phan mém mé phong sé lam ddu vdo ciia mé hinh. Hé diéu khién tdi tao sir
dung bg diéu khién PID don gian dé diéu khién bam theo quy dao dau vao. Két qua mé phong
trén phdn mém Matlab/Simulink da thé hién viéc tdi tao lai dao dong tau bién véi sai s6 cho phép.

Tir khoa: Robot song song; Pong hoc; Téi tao dao dong tau bién; M6 phong dao dong
1. PAT VAN PE

Dao dong tau bién dudi tac dong séng bién 1a mot trong nhing loai dao dong phirc tap. Viée
nghién ctru dao dong tau [5, 13, 15] dong vai tro quan trong trong thiét ké tau, lap dat, diéu khién
on dinh cac h¢ thong trén tau cling nhu mo6 phong lai tau [16, 17]. Do dao dong cua tau la loai
dao dong phuc tap, néu thue hién do thuc té s& dan dén t6n kém ca tién cua va thoi glan ma kho
¢6 thé bao phu duoc hét cac loai tau va cac dang cip song khac nhau. Chinh vi vy, viéc nghién
ctru tai tao lai dao dong tau trén moé hinh moé phéng hodc mo hinh ban ty nhién cé y nghia 16n
trong cac bai toan mo phong lai, dic biét trong cic bai toan nghién ciru hé théng diéu khién on
dinh thiét bi dat 1én tau.

Robot song song 6 bac ty do dang Gough — Stewart c¢6 cu triic gdbm mot khiu cong tac (dé
chuyén dong) lién két v6i dé cb dinh théng qua sau chan béi cac khép cau hodc khop cac ding.
Robot ¢6 6 chan, cac chan dugce dan dong bé"mg cac dong co dién hodc xi lanh thuy lyc. Céu trac
ctia robot cho phép tao ra cac chuyén dong theo 6 bac tw do cho khau cong tac bang cach thay
ddi chidu dai cua timg chan robot. Nho vy, robot song song c6 thé tao ra dao dong nhu cac dao
dong thuc t& cua cac phuong tién di chuyén nhu tau bién, 6 t6, may bay.... Vi vdy, robot song
song 6 bac tu do dang Gough — Stewart thuong dugc img dung trong cac h¢ mo phong bay, mo
phoéng lai tau thuy [16].

Trong thuc té hién nay, nhiing bai toan tinh toan va tai tao dao dong tau bién chii yéu dugc
tinh toan dya trén m6 hinh 2D [13], hoac m6 hinh 3D [5, 15, 17] va da phan st dung trong céc
md phong chuyén dong cta tau bién phuc vu cho qua trinh huin luyén l4i tau [15, 17]. Cac dao
dong duoc tai tao trong cac hé théng mo phong 14i thuong 1a cac dao dong cho ¢ dang ham didu
hoa, cac phan mém m6 phong cho phép thay doi bién do va chu ky dao dong. Do dao dong cua
song bién trén thuc té rat phirc tap, nén viéc mo hinh héa ¢ dang dao dong diéu hoa 1a khong phu
hop, ma cin mé hinh hoa dia trén phd ning luong va phuong truyén song. T dit liéu dao dong
cua song ¢ dang s6, tinh duoc dit liéu dao dong cua tau cling ¢ dang $6 1 dAu vao dé dua vao hé
tai tao dao dong cua tau. Noi dung chinh ma bai bao s€ trinh bay xay dung mo6 hinh moé phong hé
tai tao dao dong cua tau sir dung mo hinh robot song song 6 bac tu do dang Gough — Stewart.

Céc noi dung trinh bay tiép theo cua bai bao gém: mo hinh séng bién, mo6 hinh chuyén dong
clia tau bién, xdy dung hé tai tao dao dong tau bién, nghién ciru mé phong va cudi cing 1a nhan
xét, danh gia két qua mo phong.
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2. DAO PONG CUA TAU TREN SONG BIEN
2.1. M6 hinh séng bién
~Song bién duogc hinh thanh do su tac dong cua gio, luc héip dan thién vin va cac phuong tién
n6i nhu tau. Ching thuong dugc md ta bang chiéu cao, chiéu dai va chu ky song [2]. Chiéu cao
song dugc xac dinh bang d6 chénh Iéch thang ding gitra cao dg cua dinh va day lan can. Trong
pham vi bai bao nay gioi thi€u song bién hinh thanh do su hién dién cta gio.

Song bién co thé dwoc hicu 1a chong chat clia nhiu song diéu hoa, mdi song 6 bién do, tan s6
va pha riéng [4], nhu c6 the thay trong hinh 1. C6 hai mo hinh chinh d€ mo ta séng bién [2]: song
mot chi€u (long-crested sea) hinh 2 va song da chicu (Short-crested sea) hinh 3. Theo vén toc gio,
song bién duoc chia thanh 10 cap song tir 0+9, tuong tng véi bién do dao dong cuia song [2].

Z (m)
Z (m)

X ([)]LSO 210 2 4

Po c?’\l:i:nlzfg%iz:hién 240
Hinh 1. S xép chong ciia séng Hinh 2. Séng mét chiéu Hinh 3. Séng da chiéu
va pho song. (Long-crested sea). (Short-crested sea).

C6 nhiéu md hinh toan hoc mé ta dao dong clia song bién khac nhau nhu mé hinh séng dua trén
céc 1y thuyét song, md hinh song dya trén phd ning luong va phuong truyén song. Cac phuong trinh
dao dong cua séng bién dua trén cac 1y thuyét song nhu 1y thuyét song tuyén tinh dwoc Airy, 1y
thuyét song Stokes, 1y thuyét song Cnoidal dugc trinh bay trong cac tai liéu [3, 10]. Md hinh s6ng
gan véi song thyuc té 1a mo hinh song duya trén phd ning luong va phuong truyén song. Céc loai phd
ning lugng song théng dung nhu phd ning lwong Neumann, phd ning lugng Bretschneider, phd
ning luong Pierson-Moskowitz, phd ning luong JONSWAP, phé ning luong Torsethaugen.

Trong khudn khd bai bao nay, sir dung mé hinh dao dong séng mét chiéu dé nghién ctru dao
dong tau va tai tao dao dong d6. Phuong trinh md hinh song bién [7, 9] dugc trinh bay trong (1)
duéi day:

N
Sy t) = Z VS(wi)dw cos(k;(x; cos(p) +yi sin(p) — w;t +¢)) 1)
i=1

Trong do:

- k;: S6 séng (bang 2n/A voi bién d6 sau hiru han va w2/g v6i bién sau vo han);

- A;: Chiéu dai séng ctia thanh phan song thi i;

- w: Tén sb dao dong;

- &;: Pha ngiu nhién ctia thanh phan séng thi i;

- Ao: Su sai léch khong dbi giira cac tin sb song;

- w: Goc hudng song.

- S(®): Phé ning lugng ciia song. Trong bai bao nay st dung phd ning luong Bretschneider
[2] ¢6 cong thirc nhu sau:

1.25 wg

= HZ exp[—1.25(wo/w)*] 2)

S =
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Vi wo 12 tan so tai dinh ciia phod niang lwong séng va Hs 1a chidu cao song trung binh (trung
binh ctia mgt phan ba chiéu cao cac song cao nhat).
2.2. M hinh chuyén dng tau bién

Xét tau bién co khéi lugng m, c6 kich thude dai, rong cao dwoc ki higu lan luot 12 L, B, H. Hé
toa do Go (OXYZ) co dinh dugc gan voi trai dat. Hé toa d6 G1 (Onvw) gan véi tau, co goc toa do
tai vi tri trong tdm, truc OX doc theo than tau hudng vé phia miii tau, truc OZ vudng goc voi mat
san tau (hinh 4).

Cic  bién trang thai khi nghién ctu chuyén dong coa tau  gom
[%, Y, Z, V, Vy, Vs 6, 0,0, 0, v, W]

Trong do:

- [x,v,2]": Vi tri cia trong tAm tau dugc md ta trong hé toa do gén voi trai dat;

- [V, v, 1y ]T: Van tdc cua trong tdm tau dugc mo ta trong hé toa do gén Vol tau;

- [¢,8,9]T: Cac goc Euler md ta chuyén dong quay cua cac truc hé toa do gin véi tau theo
cac tryc hé toa do gan vdi trai dat;

- [w, v, w]": Van téc quay trong hé toa d6 gan vdi tau.

Mbi quan h¢ va xac dinh cac bién trang thai dugc xac dinh nhu sau:

X Uy
y[=R|%W 3)
VA Vw

Trong d6 R 13 ma tran quay, dugc x4c dinh theo biéu thire duéi day:

C)CO) CASO)S(@P) — C(P)SW) SH)S(P) + C(P)C(Y)S(6)
R=(COSH) CWIC(@) + SW)SO)S(P) C(P)SA)SO) — CW)S(P) 4)
—5(6) C(6)S(¢) C(6)C(¢)
V6i: C 2 cos, S 2 sin
Van toc cta trong tdm tau duoc xac dinh nhu sau [2]:

[ Cd, A P 1 )
4P 4 —F,
1'7u _ C'Ud'v u Uy
1'71] = 1 —|V|IX v‘u (5)
1.]W mu Flv w vW
CarwAwp 1
e

Trong do:

- Cq: Hé“mg s6 tit dan cua van tdc;

- [Au, Ay, Aw]: Cac mat cit ngang doc theo cac truc u, v, W [mz];

- p: Mt d6 cuia nudc, bang 998 [kg/m?];

- m: Khéi luong cua tau.

- Fu, Fy, Fu Téng luc ndi va trong lyc trong hé toa do gén Vo1 tau.

) u
Q = T[v] (6)
W w
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Hé toa d6
gdn voi trai dat
(GO)

Hé toa do
gan voi tau

roll, ¢

|~
surge

\j
heave w

Hinh 4. Mé hinh tau va cdc hé toa dé.
Ma tran chuyén T duoc xac dinh nhu sau:
1 sin(¢)tan(8) cos(¢)tan(8)
T=|0 cos( ) —sin(¢) @)
0 cos(¢p)sec(8) cos(¢p)sec(8)
Gia tdc quay trong h¢ toa do ge"ln véi tau duogce xac dinh nhu sau [2]:
T By, 1

u+-—t
Iy L,

u B, 1
VIS LT
B, 1

——u+-—1
L1, Ly "

O day:

- By, By, Bw: Hé s6 ma s&t nhét xodn [N.s/m];

- Iy, Iy, lw: MO men quan tinh cua tau theo céac truc Ou, Ov, Ow ciia hé toa do gan voi tau;

- 7y, T, Tw: TONg MO men ngoai luc tac dung 1én than tau.

Trong bai bao nay, dé don gian chiing ta gia sir tdu ¢ vi tri tha neo, chan vit khong chuyén
dong, bé qua khoi lugng thém vao tau, lyc ctua gio, cac lyc taic dong 1én tau gom luc day cua
nude (luc thuy tinh), trong luc, luc Coriolis va lyc quan tinh hudng tdm. Do do, phuong trinh
chuyén dong cua tau trong [2] ¢6 thé duoc viét dudi dang don gian nhu sau:

MRBfI + (CRB + Dv)v =7 (8)

Trong do:

-v=[x y z ¢ 6 P]": Vécto vantdc ciia h¢ toa dd G1 so vdi hé toa do GO;

- Mzp: Ma tran khéi luong va ten xo quén tinh cta tau; I, 13 ten xo quan tinh cta tau déi véi
hé truc toa d6 G1.

mlzx3 0343

Mpp = (9)

03,3 Igy
- M ,: Ma tran khoi lugng thém do tau chuyén dong trong nudc;
- Crp: Ma tran c6 cac thanh phan do luc quéan tinh Coriolis [18] va luc quan tinh huéng tdm
cua tau; Trong (10), ma tran S 1a toan tir song ctiia mot véc to dai so ¢ 3 thanh phan.
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0 —-mz my
Crs = [_:fsx(il) —_;?Ii (1"1/12)) S = [ m: 0 i (10)
6x6 -my mx 0
- D,,: Ma tran giam chan ma sat nhét tuyén tinh;
- G: Phan lyc tr nude bién;
- T: Vécto lyc va m6é men ngoai luc do luc déy chan vi va song tac dong 1€n tau.
Ngoai lyc gom lyc tir ap suét thity tinh [2, 11] va luc chéan vit duogc Xac dinh:
0 F,
= ZpgAihiﬁi +1 0 [+]0 (11)
i —mg 0

O day: Ai - Dién tich tam giac; hi - P9 cao tuong dbi cuia nudc & vi tri gitra tam giac; n; -
Hudng phéap tuyén cua tam giac tha i (hinh 5); Fc - Ngoai luc tic dong dé tau chuyén dong vé
phia trudc.

Mirc nudc bién
Hinh 5.CAac tam giac chia lwdi trén vo tau va cdc vecto phdp tuyén ciia né.
Do mbi mét luc tac dung 1én than tau déu tao ra md men twong ddi so véi tam trong lyc cla

tau [12]. Do d6, cho mét luc F; va canh tay don d; trong hé toa do gfm vO1 tau, s€ sinh ra mdt mo
men dugce xac dinh nhu sau:

7, = (RTd;) X (RTF) (12)
Do d6, m6 men ngoai luc dugc xac dinh nhu sau:
Ty 0
T, | = Z 7 +|0 (13)
Tw i T¢

Trong d6, 7, sinh ra béi luc dé tao ra goc yaw.

Mo hinh séng va mé hinh chuyén dong cua tau dugc trinh bay trong myc nay da dugc su
dung trong bd cong cu md phong song bién va md phong tau cua trung tim LINK-SIC thudc Dai
hoc Linkoping [8]. Qua trinh va két qua mo phong st dung cong cu nay dugc trinh bay trong
muc 4 dudi day cua bai bao nay.

3. XAY DUNG HE TAI TAO DAO PONG TAU BIEN
3.1. So d0 khéi hé tai tao dao dong tau bién

Trén hinh 6 trinh by so do khoi cia HE ti tao tin hiéu dao dong tau bién. HE nay gom hai
thanh phén chinh: co cau chap hanh tao dao dong tau bi€n va bg di€u khién. H¢ tai tao dao dong
tau bién c6 nguyén 1y 1am viéc nhu sau: Khi trén déu vao ctia hé ¢6 cac tin hiéu dao dong tau, bd

diéu khlen cta hé s& dua trén tin hiéu diu vao va tin hiéu phan hdi dé tao ra cac tin hiéu diéu
khién co ciu chap hanh thuc hién dao dong bam theo cac tin hiéu dau vao.
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Dao dong
Dao dong £ R tau duogc
tau du vao ,‘ > Co cau chap tai tao
B6 dicu khién P hanh tao dao . >
dong tau bién
* Phan hoi

Hinh 6.So do khoi hé tdi tao dao dong tau.

Trong bai bao nay, ching toi str dung cac tin hi¢u dao dong cua tau tir bd cong cu mo6 phong
cua trung tm LINK-SIC véi cac thong tin dau vao la vi tri va cac goc Euler; Co cau chap hanh
st dung m6 hinh robot song song 6 bac tu do dang Gough — Stewart [1]; B di€u khién sir dung
bcf)‘ diéu lghién PID. Viéc giai cé§ bai toan dong hoc ctia robot song song va tinh toan, thiét ké bo
diéu khién duogc trinh bay chi tiét dudi day.

3.2. M6 hinh dong hoc ngwgc robot song song

So d6 dong hoc cua robot dwogc the hign trén hinh 7. Bé cd dinh, khau cang tac cua robot
dugc ki hi¢u lan luot 1a {B1},{P1}. Tam cac khop trén de {Bi}va tam cac khop trén khau {P.} ki
hiéu lan luot 1a Baj, Pai (|=16) Hé toa df) ¢o dinh OoXngZo gan tai tm cia dé {Bl}, truc OoZo
huéng 1én trén, truc OoXo di qua trung diém cua duong noi gilra hai khop Bix va Bus. HE toa d6
O:X1Y1Z: gan vao tam tai khau {P1}, c6 truc O:1Z, hudng Ién trén, truc O1X1 di qua trung diém
cua duong noi gitra P11 va Pas.

Hinh 7. So do déng hoc robot song song
Robot song song dang Stewart-Gough c6 cac khép ndi nam trén dé ¢6 dinh hodc khau cong
tac {B1} duoc bo tri thanh ting cap doi xung nhau va cung nam trén mot vong tron. Goc giita O-
oBu1 va OoB13 bang 120°, goc gitra O1P11 va O1P1s bang 120° Goi ban kinh vong tron tao béi cac
khop noi trén mat {B1}va ban kinh vong tron tao baoi cac khop noi trén mat {P1} lan luot 1a ry,
rp. Goc B,0, By, 1a oy5. GOCPy10, Py, 1a 01, GOC gitta truc OoXo va véc to aui la &1, goc gitra

truc O1X; va véc to by 12 ¢;;. Khoang cach tir tim dé {B;}va khau {P:} dén cac tim khép thudc
n6 twong Gng 1an luot 13 ay, byi. Do dai cac chan 1an luot 1a 1, i = 1,..,6.

01, o1 01, o1 .
u=Zi-—ilu=5i-— ;1=.1'3;5
$1i = $1i-1 T 011; 10 = $1im1 + 015 1=2,4,6

Vi tri tam céc khop trong cac hé toa do tuong Gng gan véi dé va khau cong tic duoc xac dinh
nhu sau:

1 ——

(14)
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Oali = [r1p cos(&y;) ripsin(éy) 0] (15)
1b1i = ["p cos (1) T1p sin({y;) O]T

Toa dd suy rong cua robot trong khdng gian khép gdm cac bién chiéu dai cua 6 chan:

qr =11 Lz Lz La Ls Lel"= [l1i]T (16)
Vi tri va hudng cua khau cong tac dugc xac dinh boi vée to:
pi=[x1 y1 zn a B vil" (17)

Ma tran quay tir hé toa do O vé hé toa do O ing Véi cac goc roll, pitch, yaw y, 8, a 1a:
[C(r)C(B)  C(r)S(B)S(a) - C()S(r1)  S(7)S(e) + C(,)C(7,)S(B,)

Ro=| C(B)S(1) C(1)C(a) +S(7)S(B)S(ar)  C(e)S(1)S(B) - C(71)S(ex,)

_S(ﬂl) C(ﬂl)-s(al) C(ﬂl)c(al)

- (18)
mll m12 m13
é m21 m22 m23
_m31 m;, Mg
V6i: C £ cos, S £ sin.
Vector chiéu dai caa mét chan robot duoc tinh nhu sau:
Iy, =pi+by, —ay, (19)
Chiéu cac dang thuc véc to xudng hé toa dd Oo:
°L; = °py — ay; + by = °py— %ay; + Ry 'by; (20)
Hay:
Liix my1 Miz My3][Piix X1 — byix
0 = byl = [m21 maa m23] [pliy + |¥1 — biyy
Liz Mgzq1 M3z Mgz3][P1iz Z1 — by, (21)
M11D1ix + M12P1iy X1 — byix
= |M21P1ix + Ma2P1iy | + | V1 — b1y
M31P1ix + M32D1iy Z; — byiy
O trén chu ¥ rang, pii; bang 0. PO dai mot chan ciia robot dwgc tinh nhu sau:
15y =xf +yf + 27 + rip + rfp + 2(My1byiy + Mypbyiy) (X1 — Ay 22)

+2(Ma1byix + Maabyiy) (X1 — @uiy) + 2(M31b1ix + Mazbyiy) 21 — 2(X1 Q14 + Y10aiy)
Dua vao cac phuong trinh (21), (22) s& tinh duoc d6 dai cac chan theo cac bién trong khdng
gian cbng tac.
3.3. Thiét ké bj diéu khién
Muyc ti€u co ban cua bd dleu khién cho hé tii tao dao dong tau 1a dua trén quy dao mong
mudn cta khau cong tic {P1} gdm vi tri va hudng s€ tinh toan thanh quj dao mong mudn tuong
g & chan bang cach sir dung dong hoc nguogc. Cubi cung, sir dung mot bd diéu khién cho mdi
chan dé diéu khién cho timg chan bam theo quy dao mong mudn do. Bang cach nay, dao dong
nhan duoc cua khau cong tac bam theo dao dong dit, dao dong cua tau bién trén song.
Str dung mé hinh ddng luc hoc robot song song trong [6] va dugc thé hién trong biéu thirc
(23) nhu sau:
MX)X + h(X,X) =J"F (23)
_ Trong d6: M(X) la ma tran quan tinh; h(X, X) 1a ma tran bao gom céc thanh phan phi tuyén
gom luc Coriolis [18], luc huéng tdm va luc trong; F = [F1, F>, ...,Fs]" vecto luc cac chan tuong
ung; J la ma tran Jacobian.
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Trong bai bao nay, thiét ké b diéu khién PID don gidn véi dau vao 1a sai s6 vi tri va vén tdc
sai s0, dau ra la vecto luc trén cac chan. So do dicu khién cta h¢ thong dugc trinh bay trén hinh 8.

uy dao -
Qm}cl)ngj Quy dao
mubn e F M0 hinh dong | daura
» luc hoc robot 1
+ song song

Hinh 8. So do diéu khién ciia hé tdi tao dao dong tau.
4. KET QUA MO PHONG VA DANH GIA

Tron phan ndy s& trinh bay cac ndi dung md phong gdm mo phong song bién, md phong dao
dong tau. Cac tin hi€u mo6 phong dao dong tau bién sé duoc dua vao H¢ tai tao dao dong. Trinh
tu cac budc thyc hién sé dugc minh hoa trén hinh 9 dudi day.

I o a.
| Bu6c 1 Budc 2 : Bude 3:
|

| ~ A
I v Dao d . Dao d
Il Tao dao , . M6 phong : a0 (:)ng H¢ tai tao a0 ,(:)ng
o ‘ Songbien [ "5 2 | clia tau . duoc tai tao
|| dong song P tau trén nén - » daodong ——»
: bién song bién || cla tau

|
|

|

Hinh 9. Trinh tw cac budc moé phong.
4.1. Md phéng séng bién
Trong md phong song bién, dé khong mat tinh téng quat ciing nhu khdi lugng mo phong,
trong bai bao nay tién hanh 02 mé phong song cip 6 loai séng mot chiéu v6i mé hinh song (1) va
phé (2) theo 2 hudng so véi tau gom: song di vao hudng mai tau (180°) va song vudng goc voi
man tau (90°). Sir dung phin mém mo phéng séng cua trung tim LINK-SIC [8]. Cac két qua mo
phong song dugc trinh bay trén hinh 10 dudi day.

100

x [m] SDX\\/& 50

100
y(m] 100

a) Séng dén tir miii tau b) Séng dén tir man tau
Hinh 10. Két qud mé phong song cdp 6 va tau trén séng theo 02 phwong.
4.2. M6 phong dao déng tau bién

~ Sau khi nhan dugc két qua mo phong séng, tién hanh mé phong dao dong cua tau. Cac thong
s0 tau dugc stir dung trong bai bao nay dugc trinh bay trong bang 1 dudi day.
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Bing 1. Cdc thong s6 ciia tau bién.

TT | Tén thdng s6 Ky hiéu Giéa tri DPon vi
1 | Chiéu dai tau L 137 m
2 | Luong chiém nudc D 25x10° N
3 | Chiéu rong tau B 15 m
4 | Chiéu cao tau H 16 m
5 | Chiéu cao trong tAm tau Zs 2,5 m

_ Str dung chuong trinh m6 phong tau ciia LINK-SIC [8] voi diéu kién mo phong 1a tau tha neo,
két qua moé phong trén hinh 11 1a nhitng dao dong ctia trong tim tau twong (mg vdi cac hudng song.
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Hinh 11. Két qua mé phong dao ddng tau trén séng cap 6 dén tir miii tu.

Tir két qua m6 phong dao dong tau trén hinh 11 ching ta c6 thé nhan thay mot s diém nhu
sau: (1) Ddi v6i cac théng sé X, Y cta trong tm tau thay ddi nho va co ban gan theo dang tuyén
tinh ding v6i phan tng khi c6 song tac dong; (2) Dao dong thong s6 Z 1a dang ké véi bién do 1én
dén 4 m (cap song 6 co6 bién do song 1én dén 6 m); (3) Cac goc Euler phan ing ding véi bién do
nho hon 10 d¢.

Tu nhiing nhan xét nay, khi ap dung cho hé tai tao dao dong tau, ching ta can phai xu 1y tin
hiéu nay do thong s6 hanh trinh theo truc Z cua robot song song kho c6 thé dam bao 1én dén 6 m
va cac thong so ve toa do X, Y c6 thé cho xap xi bang khong. Do do, v€ co ban dau vao hé tao
dao dong tau tap trung vao thong so theo truc Z va cac géc Euler.

4.3. Mo phéng hé tii tao dao dong

Mé hinh robot song song 6 bac ty do dang Gough-Stewart trong bai bao nay su dung cac
thong so cua robot song song eMotion-1500/2700-6DOF-650-MK1 cua hang Bosch Rexroth.
Cac thong s6 co ban cua robot song song eMotion-1500 dugc trinh bay trong bang 2 va bang 3
dudi day.

Tir thong s6 clia robot song song eMotion-1500, tién hanh xay dyng mé hinh mé phong bang
cong cy Simechanics cua Matlab [14]. Dau vao cia m6 hinh 1a dao dong tai vi tri trong tdm tau.
Céc dao dong nay da duoc xu ly dé phu hop véi chuyén dong cta robot eMotion-1500. Tin hiéu
vao nay da dugce duge xu Iy 6 chi so ref trén cac hinh 12 dén hinh 15 dudi day. Thong so bo
diéu khién PID cho hé téi tao dao dong Kp = 5x10*%, K; = 2x10*%, Kp = 4x10°.

Bing 2. Cdc théng s6 dong hoc ciia robot eMotion-1500.

. r;(m) h;(m) 0; (d9) 0; (d9)
bé co dinh 1.28 0.172 120 8.6
Khau cbng tac 0.931 0.1532 120 20.86
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Bing 3. Céc théng so khdc ciia robot eMotion-1500.

Khéi lugng robot phan di chuyén chua tinh tai 1753 kg
Tai trong 16n nhat 1500 kg
Khéi lugng 1 chan 140 kg
Hanh trinh cia mot chan 0,65m
D6 cao mit phang khiu cong tac & vi tri thip nhat 1,255 m

Tién hanh md phong hé tai tao dao dong véi cac truong hop sau:
Truwong hop 1: Dao dong cla tau voi song mot chidu cap 6 di tir mii tau (hinh 10a).

Vi tri Sai léch vi tri
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Hinh 12. D6 thi tdi tao dao déng vi tri tdm tau va sai s6 khi séng di vao mii tu.

Tin hiéu dau vao cta Hé tai tao dao dc”)ng tau trén hinh 11la da dugc xur ly tin hiéu kénh X, Y
thanh dao dong nho, con kénh Z duoc qui chuin vé kha ning chuyén dong 16n nhit cua khéu
cdng tac robot song soéng eMotion-1500. Két qua mé phong vi tri, goc Euler cung sai sd twong
ung cta treong hop nay dugc trinh bay trén hinh 12 va hinh 13.

Cac goc Euler Sai léch cua cac goéc Euler
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Hinh 13. D6 thi tdi tao dao déng cdc goc Euler tam tau va sai s6 khi song di vao miii tau.

Truong hop 2: Dao dong clia tau voi song mot chidu cip 6 di tir man tau (hinh 10b).

Tin hiéu dau vao cta Hé tai tao dao dong tau trén hinh 11b, tuong tu ciling dugc xur 1y tin hiéu
kénh X, Y thanh dao dong nho, con kénh Z dugc qui chuan v€ kha néng chuyén dong 16n nhat
cua khau cong tac robot song séng eMotion-1500. K&t qua mo phong cta truong hgp nay dugce
trinh bay trén hinh 14 va hinh 15.
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Vi tri Sai léch vi tri
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Hinh 14. Do thi tdi tao dao dong vi tri tam tau va sai so khi song di vao man tau.
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Hinh 15. P6 thi tdi tao dao dong cac goc Euler tam tau va sai 56 khi song di vao man tau.

Pdnh gid: Tir két qua cta hai trudng hgp md phong trén, c¢d thé nhan xét va danh gia sau: (1)
Hé tai tao dao dong tau duoc thiét ké véi bo didu khién PID don gian va co cdu chap hanh robot
song song 6 bac ty do dang Gough-Stewart da thuc hién dung chic ning thiét ké 12 tai tao tin
hiéu dau vao dao dong cua tau sau khi da dugc xu ly ty 1€ cho phu hop, diéu nay 1am co sé cho
viéc phat trién cho hé tai tao dao dong ban tu nhién; (2) Cac tin hi¢u dau ra theo cac kénh da bam
theo cac dao dong dau vao vai sai s6 nho ca Ve Vi tri va hu'ong Cu the dbi vai vi tri, sai s6 cuc
dai nho hon 5 cm (khoang 10%) va sai s trung binh <1%, con sai sé cuc dai cua cac goc Euler
nho hon 1 d6 (khoang 10%), sai s6 trung binh ciing <1%. Ddi véi nhitng bai toan nghién ciu trén
nén dao dong tai tao nhu md phong i tau, cac hé thong diéu khién 6n dinh thi nhitng sai s6 nay
¢6 thé chap nhan dugc khi nghién ciiu trong phong thi nghiém.

5. KET LUAN

Bai bdo da trinh bay viéc nghién ctru v& md hinh séng bién mot chidu (long-crested), md hinh
chuyén dong cua tau va dao dong cua tau bién trén nén séng bién cho trudce v6i hai truong hop
song di to miii tau (180 dd) va song danh vao man tau (90 do) khi tau dung tha neo, nhiing
nghién ctru nay da sir dung bd chuong trinh m6 phong soéng va tau cua trung tam LINK-SIC
thuoc Pai hoc Linkoping. Phan nghién ctru mé hinh séng va dao dong dong vai tro quan trong
trong viéc xay dung m6 hinh mé phong H¢ tai tao dao dong véi robot song song 6 bac tu do
dang Gough — Stewart. M6 hinh H¢ tdi tao dao dong cua tau nhan dugc trén phan mém
Matlab/Simulink thong qua cong cu Simechanics. Tién hanh xir Iy tin hiéu dau vao cho phu
hop véi hé va md phong hé thong. Céc két qua mé phong dam bao do chinh xac cia viée tai
tao cac dao dong tau bién. Tir nhiing két qua nay, bai bao da g1a1 quyét bai toan tai tao dao dong
trong tm tau bién, lam co s¢ dé tao ra cac dao dong & bat ky vi tri ndo cua tau blen phuc vu cho
cac nghién ctru cac bai toan khac nhau vi du nhu hé thong on dinh v khi, hé ngam quang dién
tir,... duoc lap dat trén tau. Két qua nghién ctru nay 1am tién dé cho nghién ciru téi tao dao dong
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phuong tién co dong néi chung va tau bién noi riéng trén hé thong ban ty nhién véi robot song
song eMotion-1500 thuc té.

Loi cam on: Nhom tac gia cam on sw cho phép sir dung cac dir liéu cua robot song song eMotion-
1500 ciia Phong thi nghiém Nghién ciku va phdt trién robot qudn su/Bé mén Robot ddc biét va Co dién tit,
Khoa Hang khong vii tru, Hoc vién Ky thudt qudn su. Pong thoi cam on su‘phoz hop nghién cuu ciing nhuw
sir dung mot s6 két qua tir dé tai cap Bo Quoc phong “Nghién ciru thiét ké, ché tao hé chuyén dong 6 bdc
tir do ttng dung trong mé phéng hudn luyén san sang chién dau”.
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ABSTRACT
Simulation of vessel oscillation using parallel robot

This paper presents the research results of building a model of reproducing the vessel's
oscillations based on a Gough - Stewart parallel robot with 6 degrees. Oscillation data at
the vessel's center of gravity calculated by simulation software will be input to the model.
The control system uses a simple PID controller to track the input trajectory. The
simulation results on Matlab/Simulink software have shown the reproducing of vessel
oscillations with the allowed error.

Keywords: Parallel robots; Kinematics; Reproducing the ship's oscillations; Oscillation simulation.
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