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Tém tit

Bai bao trinh bay viéc xay dung mé hinh va phan tich dong luc hoc cum thiét bi nang lip trén tau bién phuc vu
khao sat moi trudng bién Gmg vai cac truong hop tai trong khi nng ha va kéo vat trong méi trudng nude bién
& d6 sau 1an can 2,5 km. Noi dung bai bao sir dung 1y thuyét hé nhiéu vat dé xay dung mé hinh dong luc hoc,
thiét 1ap hé phuong trinh vi phan va giai hé phuong trinh bang phuong phép so. Bai bao tap trung phan tich va
khao sat mo6 hinh dong luc hoc thiét bi nang tng vaéi cac trudng hop co hé chiu tai trong dién hinh c6 xét dén su
di chuyén cla tau bién. Két qua bai bao xac dinh dugc cac thong sb dong luc hoc cta co hé trong qua trinh lam
viée, 12 co s& dé danh gia vé dic tinh k¥ thuat va tinh nang st dung ctia cum thiét bi nang ché tao & Viét Nam.

Tuwr khoa: phan tich dong lyc hoc; tau nang; thiét bi nang; nang va kéo thiét bi quan tric bién; kéo vat dudi bién;
hé nhiéu vit.

DYNAMIC ANALYSIS OF LIFTING EQUIPMENT MANUFACTURED BY VIETNAM AND INSTALLED
ON A SHIP FOR SURVEYING THE SEA ENVIRONMENT

Abstract

The article presents the steps of establish and analyzing the dynamic model of lifting equipment mounted on a
ship for surveying the sea environment when lifting and pulling the monitoring device in the sea environment
at a depth of about 2.5 km. The content of the article uses the theory of multibody systems to build the dynamic
model and set up a system of differential equations. Solving the system of differential equations is done using
numerical methods. The article focuses on analyzing and surveying of dynamic models of lifting equipment
with different types of typical loads when pulling objects and moving the ship. The results of the paper will be
determined the dynamic parameters of the system including lifting equipment - ships in working process, this is
the basis for determining the technical characteristics and usability of the lifting equipment cluster manufactured
in Vietnam.

Keywords: dynamic analysis; crane ship; lifting equipment; lifting and pulling marine monitoring device; pulling
objects under the sea; multibody systems.
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1. Dit van de
Viét Nam c6 bd bién dai hon ba ngan km nén viéc nghién ctru va khao sat vé bién la nhiém vu
thuong xuyén va quan trong hang dau nham cung cap cac luan cir khoa hoc vé diéu kién ty nhién, moi
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truong, tai nguyén bién nhim phuc vu viéc hoach dinh chinh sach, chién lugc cling nhu quy hoach
khai thac nguén tai nguyén bién. Dé thuc hién duogc nhitng cong viéc néu trén, can c6 cac thiét bi
chuyén dung phuc vy tham do, khao sat méi truong bién [1]. C6 nhiéu loai trang thiét bi chuyén dung
phuc vu diéu tra, khao sat méi truong bién, trong d6 thiét bi nang lap trén tau bién (TBNTTB) la mot
thiét bi thiét yéu hd tro dic luc cho viée thim do dudi bién véi do sau 16n. Cum thiét bi nang nay trong
qua trinh lam viéc chiu tdc dong tir san tau bién, tai trong gid va ngoai luc kéo git thiét bi khao sat
chim sau trong nudc bién. Nhitng TBNTTB do nuéc ngoai ché tao c6 tinh nang hién dai, lam viéc an
toan, hiéu qua va ning suét cao, tuy nhién san pham c6 gia thanh cao va kho khan khi stra chita bao
dudng do phu thugc ngudn phu ting. Con dbi véi nhitng TBNTTB ché tao trong nudc thudong duoc
thuc hién theo kinh nghiém va chép méu, san pham khi sir dung ton tai nhiéu han ché nhu d6 cimg
viing cua két cau thép va pham vi hoat dong cta cAn truc bi han ché anh hudng dén @6 chinh x4c cta
thiét bi khao sat va hiéu qua cong viéc [2].

-

=

Hinh 1. Thiét bi nang I4p trén tau HQ888 dé nang ha thiét bi khao sat bién

Thiét bi nang lap trén tau HQ 888 (Hinh 1) 1 san phan cta dé tai [2], trong qua trinh lam viéc bi
rung lic nhiéu anh huéng dén tinh 6n dinh, sy an toan va do chinh xac quy dao cua thiét bi khao sat
va hiéu qua cong viéc. Dé hoan thién két cau nay can c6 céc nghién ctru chuyén sau vé dong luc hoc,
tap trung phan tich va khao sat dong luc hoc hé khung can truc trong cac diéu kién lam viéc dic thu.
T d6 1am co s& cho viée hoan thién thiét bi da co, phuc vu thiét ké thiét bj mai va nang cao hi¢u qua
khai thac thiét bi.

Viéc khao sat dong lyc hoc hé can truc - phao ndi khi nang ha vat dugc trinh bay kha k¥ trong céac
tai liéu [3-5], cac nghién ciru nay da khao sat dong luc hoc co hé khi coi phao ndi khong di chuyén
trén mat nude, can truc chi bi tic dong boi song hoac gio va tai trong cua vat nang, khi nang vat trén
mat nudc. Nam 2022, nhom tac gia [6] da x8y dung va khao sat mo6 hinh dong luc hoc cta thiét bi
nang lap trén tau bién HQS888 1a san phan cua dé tai [2] v6i gia thiét tau bién ding yén va can truc
kéo thiét bi khao sat & do sdu 1000 m dudi bién. Nghién ctru nay chua xét dén truong hop tau bién
di chuyén kéo va lai dat thiét bi khao sat dudi day bién, bo qua luc ddy cua chan vit va luc can cua
nudc 1€n tau. Noi dung chinh cua [6] 1a xay dung mo hinh dong luc hoc va khao sat so bo mot trang
thai 1am viéc dé danh gia mo hinh dong luc hoc, két qua khao sat chua di co s dé dé danh gia két
cAu cua cum thiét bi nang, do d6 can tap trung nghién ctru phat trién moé hinh mé ta dung va du trang
thai lam viéc thuc cta co hé thiét bi nang - tau bién. Sach chuyén khao [7] trinh bay k¥ vé& dong luc
hoc hé nhiéu vat, 1a co s& dé xay dung mo6 hinh dong luc hoc cua co hé nhiéu vat cling nhu khao sat
moé phong qua trinh 1am viée ciia mo hinh. Téc gia [8] trinh bay chi tiét mé hinh va khao sat tinh toan
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dong luc hoc tryuc tiép xylanh thity luc, trong d6 xylanh thuy luc 13 phan tir quan trong c6 vai trod lién
két va diéu khién cac khau trong hé thong thiét bi nang lip trén tau bién. Nhitng nghién ctru vé sirc
can ctia nudc 1én vat khi di chuyén trong nude duge cac tac gia [9, 10] trinh bay khé k¥, tiy thudc vao
kich thudc va tde do kéo (di chuyén) cua vat ma stc can cua nudc 1€n vat co gia tri thay ddi, duoc xéac
dinh theo ham thoi gian trong qua trinh kéo vat. Céc tac gia [11-17] d4 khao sat dong luc hoc va diéu
khién can truc ngoai khoi khi ning ha container nham dua ra thong sé hop 1y cua két cau khung nang
va thong sb 1am viéc cua can truc phao ndi. Nhiing tai liéu ndy méi chi xét khi can truc phao ndi nang
hang trén mat nude, phao duoc neo giir chiu tai trong gid va song, khong di chuyén.

Tir nhitng co s6 khoa hoc va cac cong bd néu trén, bai bao nay tap trung xay dung mé hinh dong
Iic hoc va phan tich dong luc hoc thiét bi nang do Viét Nam ché tao 1p trén tau bién HQ888 khi nang,
kéo vat dudi nudc bién va két hop di chuyén tau bién.
2. Xay dung mo hinh dong lwc hoc
2.1. Gid thiét xdy dwng mé hinh

Trén co s& két cdu va hoat dong cta thiét bi nang [2] va so dd két cAu cua thiét bi nang lép trén
tau bién (Hinh 2), dé xay dung mé hinh nghién ctru dong luc hoc phat trién trén mé hinh nghién ctru
[6] can bd sung mot sb gia thiét: Khi di chuyén, tau bién ludn giit van téc khong doi; Day cap nang
khong bi co gidn, bo qua luc can cia nude bién 1én day cap; Tau bién c6 két cau ddi xtng, c6 khoi
luong tap trung, ctng tuyét dbi va chiu tic dong cua song theo hai phuong x va y.

1- Tau bién; 2- Cum toi nang ha; 3- San tau bién; 4, 6- Xylanh thuy lyc;
5- Co cau binh hanh; 7- Co cau can; 8- Xa ngang git puly; 9- Cum mdc treo.

Hinh 2. So db két cdu cua thiét bi nang 13p trén tau bién [2]

2.2. Mo hinh dong luc hoc

Mo hinh déng luc hoc (Hinh 3) c¢6 4 khau gdm: Khau 1 1a tau bién (1), di chuyén, tinh tién 1én
xudng va xoay lic; khau 2 13 co ciu binh hanh (5), lic 1én xubng; khau 3 gdm cin (7) va xa ngang (8),
lac 1én xudng; khau 4 1a thiét bi khao sat dugc lién két voi cum moc treo (9), chuyén dong theo day
cap. Mo hinh dong lyc hoc duoc xay dung cho thiét bi nang tai moi vi tri lam viéc véi 7 toa do suy
rong, c6 xét luong cap quan vao tang toi (s). Do do, sd bac tu do ctia co hé 14 7 (y, @1, ©2, ©3, @4, 8, X1).

M5 hinh dao dong ciia can truc lap trén tau bién c6 khdi lugng va mé men quan tinh khdi dbi véi
khéi tim C;(m1; Jo1) dat trén nén dan hdi nude bién v6i hé sé dan hoi (ci;c2). Chon hé quy chiéu
Oxy 1a hé quy chiéu tuyét dbi, trong tam cua tau bién c6 toa do (x;¥) va nghiéng mot goc (¢1), tau
bién chju tac dong cua song bién c6 md men va luc quy dan (M,,; F,,). Khung nang can truc duoc gén
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Hinh 3. M6 hinh dong lyc hoc can truc l'flp trén tau bién khi di chuyén

trén tau c6 cac bo phan lién két véi nhau gdm co cdu hinh binh hanh c6 khéi lugng va mé men quan
tinh khéi d6i v6i khdi tam Ca(mo; Jca), can c6 khdi lwong va mé men quan tinh khbi ddi voi khdi tam
C3(m3; J¢3), cap nang c6 chiéu dai s(r) duoc dan dong boi tang toi ¢6 ban kinh va mé men tdi (ry; M),
cap nang dugc gia thiét khong bi bién dang khi lam vi¢c, hang nang c6 khdi luong (m4) dugc tang toi
kéo 1én va bi can boi nudce bién theo hai phuong (H,,; V) [9].
2.3. Thiét lp hé phwong trinh vi phan chuyén dong

Ttr m6 hinh dong luc hoc [6] ¢6 6 bac tu do, phat trién thanh mé hinh dong lyc hoc ¢6 7 bac tu do
(Hinh 3) gé)m ¢o dich chuyén va chuyén dong lic cua tau bién (X135 1), chuyén dong l4c cua khau
binh hanh va cin (¢2; ¢3), chuyén dong lic va kéo cuia cap nang hang (g4 s).

Tur d6 ta chon hé toa do suy rong: q = [y ©1 Y2 QY3 Q4 S x,]T.

Str dung dang thirc ma tran cta phuong trinh Lagrange loai 2, hé phuong trinh vi phéan chuyén
dong [7]:

M(@4+C(q.9q+Dq+g(q=Q (1)

Céc thanh phan ctia ma tran khéi lugng suy rong M(q), ma tran quan tinh ly tdm va Coriolis
C(q, q), ma tran can D, véc to lyc suy rong co thé g va véc to lyc suy rong cua cac lyc kich dong Q
dugc trinh bay chi tiét trong [6, 7].

Pbi voi ham hao tan cua cac phan tir dan nhét, ta co thé viét lai dudi dang toan phuong nhu sau:

\2
1 1 1 $
D= Ekl(y +e1g)’ + EkZ(y —e1¢1)* + Ekt(_)

Tt
_1 ) . . 2.2 1 kt ) (2)
_E(k1+k2)y + (k1 —kp) eypy + (k) + kp) e ¢1+§ = §
t
1.7
= LaTDé
L4 P4

Tur dang thirc toan phuong ciia ham hao tan, ma trén hé sbcan D = {d,- j} cO cac phﬁn tor bz"mg

0, ngoai tru:
diy=ki+ky, dip=dy = —k)er, dn=ki+k)el, deo=k/r? 3)
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bé xac dinh véc to luc suy rong cua cac lyc hoat dong con lai, ta tinh cong suét ctia cac luc do cac
xy lanh thuy Iyc s6 4 va 6 (Hinh 2), kich dong song, m6 men tac dung 1én toi va lyc can moi trudng

nudc.
k
X
=
E et ‘ [+
O-F - — -
., Bl :
7y !g‘ Moa - Yog * hoa o
Hinh 4. M6 hinh BDLH cua xylanh thay luc Hinh 5. M6 hinh tinh luc tdc dong 1én xylanh

trong khong gian

- Cong suét ctia cac luc xy lanh duoc trinh bay chi tiét trong [6], voi cong suat cua luc xy lanh thir

k (k = 4,6) theo tai li¢u [8]:

M. ( (k))T.

2\ _ k) o k) _
W(Fxl ) - Fxl |uk| - Fxl aq q= xl q

- Cong suit day tau:
Wie = (Fey — Fe)iy = Qgcq

voi .
Qu=[0000 00 (Fu-Fo) |
- Cong sudt cua cac luc kich dong song:
W = My = Fuy = QL4
voi

Q.=[0-F, M, 0000]

“

)

(6)

(M

®)

trong d6 cac lyc va md men gay ra dao dong cho tau bién, phuong trinh séng bién tac dong 1én than

tau co6 thé dugc mo ta dudi dang khai trién Fourier:

(o)
Ay . ..
F,, = % + Z Q,;i COS IwFpt + by Siniwpt
i=1
C (o)
0 ) ..
M, = % + Z Cyi COS it + dyyi SIn iwpyt

Il
—_

1

o day, wr, wyr 1a cac tan s6 co ban cua dao dong song bién.
- Cong suat ctia md men toi:

Wi = Myp; = Mtr— = Qqu
1
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voi .
Q=[0000 0 M/r 0] (11)
- Cong suét cta luc can nude bién 1én thiét bi khao sat my:
Wi =—five = —£Jr,4 = Qi4q (12)
voi
T T
Qi =J7 b, fu=[H, Vi 0 (13)

trong d6 H,,, V,, 1a luc can nudc bién 1én thiét bi khao sat my4 dugc xac dinh theo [9] v6i biéu thirc
H,, = 130|%x4], V}, = 286 [y4]. Cac thanh phan hinh chi€u vin tde ctia my duoce xéac dinh thong qua ma

~ . X . N A . , . N \ A ) A
tran Jacobi: v4 = [ =1 7,4, con ma tran Jacobi cua mydugc xac dinh tir cac thanh phan ctia ma trdn
Y4

khéi lugng. Két hop cac biéu thuc (4), (5), (7), (10), (12), ta thu dugc tong cong suat cua cac luc hoat
dong con lai:
W =W(FD)+ W (F)+ Wae + Wy + W+ Wa = Q74 (14)

Véc to luc suy rong cua cua cac Iyc hoat dong:
4 6
Q=QY+QY +Qu+Qu+Q +Qu (15)

2.4. Xay dung bé thong sé dau vao
Pé tinh toan sb, gia tri cac tham sb dong luc hoc dugc xac dinh theo tai li€u [2, 4] va cho trong
Bang 1.

Béng 1. Cac tham s6 cua can truc

Théng s6 Ky hi¢u Gia tri Pon vi Ghi cha
Heé s6 dan hoi nude bién cr=c 2000000 (N/m) Theo [4]
Hé sb can nude bién ki =k 140000 (Ns/m) Theo [4]
Khoang cach cia tim luc can nh6t dén tim quay tau bién e 13500 (mm) Theo [2, 4]
Khéi luong tau bién m 450000 (kg) Theo [2]
Mb men quén tinh khéi tim C, Joci 571875000  (kg.m?)  Theo [2]
Khoang cach hai tdm quay O; va O, aj 26500 (mm) Theo [2]
Chiéu cao giita tim O, va O, d; 5300 (mm) Theo [2]
Khoang cach ciia A; dén O, theo phuong x| h 13400 (mm) Theo [2]
Khéi lugng ciia co cau hinh binh hanh my 479,65 (kg) Theo [2]
Mb men quén tinh khéi tim C, J.c2 163,22 (kg.m?)  Theo [2]
Khoang cach cua C, dén O, theo phuong y, d, 390 (mm) Theo [2]
Khoang cach cua A, dén O, theo phuong y, hy 1279 (mm) Theo [2]
Khoang cach ciia O, dén O3 theo phwong x, a 1935 (mm) Theo [2]
Khodng cach ciia O, dén A, theo phuong y, e 568,11 (mm) Theo [2]
Khoang cach ciia B, dén O, theo phwong x, by 1279 (mm) Theo [2]
Khéi lugng ciia co cdu cin ms 2351,18 (kg) Theo [2]
Mb men quén tinh khéi tim C3 Joc3 7352 (kgm?)  Theo [2]
Khoang cach cua Cs dén O; theo phuong x3 e3 2126 (mm) Theo [2]
Khoang céch ciia D3 dén O3 theo phuong x3 as 4320 (mm) Theo [2]
Khodng cach ciia By dén O3 theo phuong x3 b3 2820,57 (mm) Theo [2]
Khéi lugng ciia vét ndng my 5000 (kg) Theo [2]
Bén kinh toi quan cap r, 450 (mm) Theo [2]
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3. Mo phéng sb véi cic truong hop tai trong
3.1. So do thudt gidi

P‘hum,lg trinh vi phan phi tuyé:n (1) duogc giai bang phuong phap Runge-Kutta-Nystrém theo [7].
So d6 khoi cac budc giai dugc thé hién trong Hinh 6.

Nhip tham s6

!

Tinh cac ma trdn quay va ma tran truyén

3

Tinh van toc goc cac khau va cac vi tri khoi tam

)

Tinh cac ma tran Jacobi tinh tién va quay

|

{ Tinh céc ma tran khéi lwong, ma tran Coriolis, J

vector trong trirdng va cac luc suy rong

.

Giai hé phuong trinh vi phan, xac dinh cac toa do
va van tbe suy rong

I

[ Xac dinh chuyén vi ctia khau ]

Hinh 6. So d6 khdi giai hé phuong trinh vi phan

3.2. Phan tich dong luc hoc
a. Trudong hop (TH1) tau di chuyén lai dat thiét bi khao sat & do sau 2,5 km
Céf: diéu kién dau dé giai bai toan theo phuong phap Runge-Kutta-Nystrom trong truong hop nay
duogc lay theo Bang 2.
Béng 2. Thong sb didu kién dau TH1

Thoéng s6 Ky hiéu Gia tri Pon vi Ghi chu
Gia tri ban dau ciia () Y0 0 (mm)
Gia tri ban dau cta q2(0) ®10 0 Do)
Gia tri ban dau ciia g3 ©20 45 (Do)
Gia trj ban dau ciia g4 ©30 159 (Do)
Gia tri ban dau ctia gs) P10 0 D9)
Gia trj ban dau ciia ge(0) 50 2500000 (mm)
Gia tri ban dau ciia g7 Vi0) = X1(0) 0,5 (m/s)

Luc can H,, va V,, 1a cac biéu thirc ¢ gia tri phu thudc d6 ngap sau cta thiét bi khao sat my dudi
day bién, dugc xac dinh theo [9].

Trong trudng hop ndy, tau khao sat di chuyén véi van tée khong ddi v, = 0,5 m/s, cb dinh tang
quin cap dé giir vat & do sau twong Gmg v6i chidu dai cap 1a 2,5 km, thoi gian khao sat mo hinh dong

149



Trﬁm, B. V., vacs. / Tap chi Khoa hoc Cong nghé¢ Xay dung

luc hoc trong 30 gidy. Véi bo s6 liéu néu trén, sau khi tinh toan ta dugc mot sb két qua mo phong dugc

thé hién & cac Hinh 7 dén Hinh 11.

0.5 T T T T T a T T T T
0.1 F ]
-2
0.05
3f
0 _af
= 005 g 1
-6 3
-1
]
0.15
&L ]
0.2 . . . . . 9 i i i i
0 5 10 15 20 P 30 0 5 10 5 20 25 0
t(s) t(s)
Hinh 7. D06 thi ¢ Hinh 8. D6 thi ¢,
49.5 159.08 T . . .
m ] 150.08
185 150.07
18 |] 154906
i 159.05
= 4 = 150.04
g i
A6.5 159.08
" 169.02
45,5 ] 159.01
45 ] 130
44.5 - L 1 i L 155.90 ! : L L
0 5 10 15 20 2 30 v 1o 15 2 '2:" a0
t(s)

tis)

Hinh 9. D4 thi ¢3

5 x10~#

Hinh 10. D thi g4

i i I

10 15 20

t(s)
Hinh 11. D6 thi gs
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Nhan xét két qua mo phong TH1:

- B6i v6i dao dong cua tau bién (Hinh 7) va (Hinh 8): Tau bién vira di chuyén véi van toc khong
d6i, vira dao dong theo phuong thing dung va lic quanh gdc toa d6 O1 véi gia tri 1an luot 13: 6, =~
0,22 m; 8¢> ~ 8,8°. Tuy nhién, dudi tac dong cua lyc quan tinh trong co hé dan téi dao dong bi nhiéu
dong trong khoang 10 gidy dau tién, sau d6 tau dao dong binh on.

- Béi v6i dao dong cua khung can truc (Hinh 9) va (Hinh 10): Can truc dao dong vé6i quy luat tat
dan, cha yéu 1a do tinh dan hdi cua dau thuy lyc trong cac xy lanh sb 4 va sb 6, v6i goc quay cia co
céu hinh binh hanh dao dong xung quanh toa d ban dau 46,15° va dam dimg dao dong xung quanh
toa d9 ban dau 159,007°. Trong d6, goc lac 1on nhat lan luot 13: @o max =~ 47,38%; @3max = 159,015°.
Do goc lic ¢s va @3 ¢b gia tri trong doi 16n nén can phai ting do cimg viing cia cac xy lanh s6 4 va
s0 6.

- Dbi véi day cap nang vat (Hlnh 11): Day cap lac quanh tam quay Oy tir —0,016° dén 0,003°
cho thy bién d6 lic 1a khong 16n. Piéu nay xay ra do tong hop su thay doi cua cic toa do suy rong
41,92, 43, g4 va lyc can ctia méi trudng nude bién khi tau di chuyén ca co hé.

b. Trudong hop (TH2) tau khong di chuyén, chi quin cap kéo vat 1én tir 2,5 km
Cac diéu kién dau dé giai bai toan theo phuong phap Runge—Kutta—Nystrom trong trudng hop nay
dugc lay theo Bang 3.
Bang 3. Thong s6 diéu kién dau TH2

Thong s6 Ky hiéu Gia tri Pon vi Ghi chti
Gi4 tri ban dau cia ¢ 1(0) Yo 0 (mm)
Gia tri ban dau ciia g ©10 0 (Do)
Gia trj ban dau ciia g3() ©20 45 (Do)
Gia tri ban dau ciia g4 ©30 159 Do)
Gia tri ban dau cia q5(0) ©40 0 (bo)
Gia tri ban dau cua gg(o) 50 2500000 (mm)
Gia tri ban dau cua 47(0) Vi0) = X1(0) 0 (m/s)
Gia tri mo men tang toi M; 2300 (N.m)

Trong trudong hop nay, tau khao sat & ché d6 neo & mot chd, v, = 0 m/s. Diéu khién tang qu:?in cap
dé nang vat Ién tir do sau 2,5 km, thoi gian khao sat moé hinh dong luc hoc trong 30 gidy. Vi bo sd
liéu néu trén, sau khi tinh toan ta duoc mot sd két qua mo phéng dugc thé hién & cac Hinh 12 dén
Hinh 17.

Nhan xét két qua mé phong TH2:

- P6i voi dao dong cua tau bién (Hinh 12) va (Hinh 13): Tau khéo sat chi dao dong theo phuong
théng dtng va lac quanh géc toa do O; voi gia tri lan luot 1a: 0q1 = 0,22 m; 6gp ~9,0° dao dong giéng
quy luat cia TH1. Tuy nhién, do c6 sy tham gia ctia md men toi nén cac duong do thi biéu dién g; va
q» tron hon so v&i TH1 & (Hinh 7) va (Hinh 8).

-Pbi voi dao dong ctia khung can truc (Hinh 14) va (Hinh 15): Can tryc ciing dao dong chii yéu la
do tinh dan hdi ctia dau thuy luc trong cac xy lanh sb 4 va sb 6. Trong khoang 5 gidy dau tién, hai co
cAu trén dao dong trong mot bién do giam dan véi goc l4c 16n nhét 14n lugt 1a: @rmax = 47,2°%; 03 max =
159,015°. Tir gidy thir 7 trd di hai co cdu dao dong c6 dang diéu hoa trong bién do nho véi goc lic
ctia co cAu hinh binh hanh va dam dimg 1an lugt 13: 6¢s =~ 0,1°; 6¢3 ~ 0,0005°. Diéu d6 cho thy do
¢6 su tham gia ciia mé men tdi nén goc lic o va 3 da giam di dang ké so voi dd thi trén (Hinh 9) va
(Hinh 10).
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- Béi véi dao dong cua day cap nang vat (Hinh 16): Dy cap lic quanh tdm quay Oy4 tir —0,015°
dén 0,003° cho thiy bién d6 dao dong 1a 16n hon so v&i trén d thi trén (Hinh 11). Diéu nay xay ra la
do ¢6 sy tham gia cia mé men ti quén cap dé kéo thiét bi dudi bién Ién.
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- P6i voi chiéu dai cap nang thiét bi khao sat (Hinh 17): Trong khoang 2 gidy dau tién, tbc do kéo
vat nang cham do can phai thang duogc Iyc quan tinh ctia vat nang gay ra. Thoi gian sau do, thiét bi
khao sat duoc kéo 1én 6n dinh véi toe do 1a 0,253 m/s.
¢. Trudng hop (TH3) tau vira di chuyén vira quin cap kéo thiét bi khao sat 1én tir d¢ sau 2,5 km

Céc diéu kién dau dé giai bai toan theo phuong phap Runge—Kutta—Nystrom trong truong hop nay
duogc lay theo Bang 4.

Béng 4. Thong sb diéu kién dau TH3

Thong sb Ky hiéu Gia tri Don vi Ghi chti
Gia trj ban dau ciia g Y0 0 (mm)
Gia tri ban dau ciia gx (o) @10 0 (Do)
Gia tri ban dau cua q3(0) ©20 45 Do)
Gia trj ban dau ciia g4 ©30 159 (Do)
Gia tri ban dau ciia g5 ©40 0 (Do)
Gia trj ban dau ciia ge(0) 50 2500000 (mm)
Gia tri ban dau ciia g7 Vi0) = Xi(0) 0,5 (m/s)
Gia tri m6 men tang toi M; 2300 (N.m)

Trong truong hop nay, tau khao sat di chuyén véi van toc khong ddi 1a 0,5 m/s, diéu khién tang
quén cap dé nang vét 1én tir d6 sau 2,5 km, thoi gian khao sat mo hinh dong luc hoc trong 30 gidy. Vi
b6 s6 lidu néu trén, sau khi tinh toan ta duge mot sd két qua md phong duogc thé hién & cac (Hinh 18
dén Hinh 23).

Nhan xét két qua mé phong TH3:

-Pbi voi dao dong cuia tau bién (Hinh 18) va (Hinh 19): Tau khao sét vira di chuyén vira dao dong
theo phuong thang ding va lac quanh gdc toa d6 O1 véi gia tri 1an lugt 13: g7 ~ 0,22 m; ¢ =~ 8,9,
dao dong giéng quy luat cia THI va TH2.

- Pbi véi dao dong cuia khung can truc (Hinh 20) va (Hinh 21): Can tryc dao dong chi yéu do tinh
dan hoi cua dau thuy lyc trong cac xy lanh (s6 4) va (s 6) véi qui lut va gia tri giéng nhu TH2. Tir
két qua thu duoc cia TH2 va TH3 nhan thiy dao dong cua can tryc sé bi dap tat nhanh hon khi ¢é sy
tham gia ctia m6 men toi quin cap.
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-Pbi voi dao dong ctia ddy cap nang vat (Hinh 22): Day cap lic quanh khép quay O tir —0,0005°
dén —0,016°. Piéu nay cho thiy khi tau vira di chuyén va két hop quan cap, goc lic cua day cap ludn
¢6 gia tri am va bién d6 dao dong nho hon so véi TH2 (Hinh 16).

-Pbi v6i chiéu dai cap nang thiét bi, trong trudng hop nay vat bi kéo cham lai véi toc do kéo trung
binh 1a 0,227 m/s.

4. Kétluan

Bai bao da khao sat va phan tich dong lyc hoc co hé thiét bi nang lép trén tau bién phuc vu khao
sat moi truong bién ¢ do sau 2,5 km trong cac trudng hop 1am viée dién hinh, tng véi cac trang thai
lam viéc cta thiét bi khao sat khi dugc lai dit dudi bién va luc duge kéo 1én. Két qua bai bao xac dinh
duoc cac thong ) dong luc hoc cta co hé trong qua trinh lam viéc, 1a co s¢ dé danh gia vé dic tinh
k§ thuat va tinh ning sir dung ctia cum thiét bi nang ché tao & Viét Nam lip rap 1én tau bién HQ88S.

Theo két qua khao sat cac truong hop tai trong dién hinh cho thdy két cau ctia cum thiét bi nang
dam bao cic yéu cau [18], riéng cac xylanh thity Iuc (4 va 6) can phai cimg viing hon (TH1). Tuy
nhién, bai bao mai chi khao sat mé hinh dong luc hoc xét trong mot mat phang nén chua thé danh
gia hét nhirng anh huong khi co hé chju tac dong cua t hop luc trong méi trudng 3D, ngoai ra can
nghién ctru khao sat kha ning bam quy dao chuyén dong cua thiét bi my, day 1a nhimg hudng nghién
ctru phat trién tiép theo ctia nhém tac gia.

154



Trﬁm, B. V., va cs./ Tap chi Khoa hoc Cong nghé Xay dung

Tai liéu tham khao

(1]

(2]
(3]
[4]
(3]
[6]

[7]
(8]

[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]

Thong tu s6 57/2017/TT-BTNMT ngay 08 thang 12 nam 2017 (2017). Quy dinh ky thudt diéu tra, khdo
sdt tong hop tdi nguyén, méi truong bién do sdu tir 20m nuée tré lén bang tau bién. Bo Tai nguyén va
Moi truong, Viét Nam.

TNMT.2022.03.11. Nghién ciru, thiét ké, ché tao khung cdu cthA linh hoat phuc vu kéo tha thiét bi nghién
cieu, diéu tra, khao sat tai nguyén moi trwo’ng blen Dé tai cap Bo Tai nguyén va Méi truong.

Cuong, H. M. (2019). Pong luc hoc can truc ndi trong qua trinh ning ha tai trong. Tap chi Khoa hoc
Cong nghé Hang hai, 4:58—60.

Triéu, P. V. (2020). Nghién ciru hé théng diéu khién phi tuyén bén viing cho can truc container ddt trén
phao néi. Luan an Tién si ky thuat, Truong Dai hoc Hang Hai Viét Nam.

Vinh, N. V., Chi, N. H. (2011). Nghién ctru ddng luc hoc va moé phdng hoat dong cia hé can truc - phao
ndi khi nang hang khong c6 do chung cap. Tap chi Khoa hoc Giao théng van tai, 3:96—104.

Tram, B. V., Quyén, N. V. Nghién ctru xdy dung mé hinh dong luc hoc thiét bi nang Iip trén tau bién phuc
vu khao sat méi truong bién. Tap chi Co khi Viét Nam, 296(1):366-373.

Khang, N. V. (2017). Péng liwc hoc hé nhiéu vdt. Nha xuét ban Khoa hoc va Ky thuat Ha Noi.

Tram, B. V. (2019). Nghién ciru dong hec hoc thiét bi khoan xoay dép ldp trén mdy dao phuc vu thi cong
ham khdu dj viea va nhé. Luan an Tién si k¥ thuat, Hoc vién Ky thuat Quén su.

Hoang, N. Q., Kreuzer, E. (2007). Adaptive PD-controller for positioning of a remotely operated vehicle
close to an underwater structure: Theory and experiments. Control Engineering Practice, 15(4):411-419.
Chima Clement (2015). Offshore Heavy Lift Design and Operations: Sling Tension in Heavy Lifts with
Quadruple Sling Arrangement. Auckland University of Technology.

Kiichler, S., Mahl, T., Neupert, J., Schneider, K., Sawodny, O. (2011). Active Control for an Offshore Crane
Using Prediction of the Vessel’s Motion. IEEE/ASME Transactions on Mechatronics, 16(2):297-3009.
Ngo, Q. H., Nguyen, N. P., Nguyen, C. N., Tran, T. H., Hong, K.-S. (2015). Fuzzy sliding mode control
of container cranes. International Journal of Control, Automation and Systems, 13(2):419-425.

Hong, K.-S., Ngo, Q. H. (2012). Dynamics of the container crane on a mobile harbor. Ocean Engineering,
53:16-24.

Ngo, Q. H., Hong, K.-S. (2012). Sliding-Mode Antisway Control of an Offshore Container Crane.
IEEE/ASME Transactions on Mechatronics, 17(2):201-209.

Le, T. A, Lee, S.-G., Moon, S.-C. (2013). Partial feedback linearization and sliding mode techniques for
2D crane control. Transactions of the Institute of Measurement and Control, 36(1):78-87.

Tuan, L. A, Lee, S.-G., Nho, L. C., Cuong, H. M. (2015). Robust controls for ship-mounted container
cranes with viscoelastic foundation and flexible hoisting cable. Proceedings of the Institution of Mechan-
ical Engineers, Part I: Journal of Systems and Control Engineering, 229(7):662—674.

Trieu, P. V. (2015). Combined controls of floating container cranes. 2015 International Conference on
Control, Automation and Information Sciences (ICCAIS), IEEE, 442-447.

QCVN 23:2016. Quy dinh vé thiét bi ning trén tau bién. Bo Giao thong vén tai, Viét Nam.

155


https://doi.org/10.1016/j.conengprac.2006.08.002
https://doi.org/10.1016/j.conengprac.2006.08.002
https://doi.org/10.13140/RG.2.1.4891.9286
https://doi.org/10.13140/RG.2.1.4891.9286
https://doi.org/10.1109/tmech.2010.2041933
https://doi.org/10.1109/tmech.2010.2041933
https://doi.org/10.1007/s12555-014-0150-0
https://doi.org/10.1007/s12555-014-0150-0
https://doi.org/10.1016/j.oceaneng.2012.06.013
https://doi.org/10.1109/tmech.2010.2093907
https://doi.org/10.1177/0142331213492369
https://doi.org/10.1177/0142331213492369
https://doi.org/10.1177/0959651815573903
https://doi.org/10.1177/0959651815573903

	1 Đặt vấn đề
	2 Xây dựng mô hình động lực học
	2.1 Giả thiết xây dựng mô hình 
	2.2 Mô hình động lực học
	2.3 Thiết lập hệ phương trình vi phân chuyển động
	2.4 Xây dựng bộ thông số đầu vào

	3 Mô phỏng số với các trường hợp tải trọng
	3.1 Sơ đồ thuật giải
	3.2 Phân tích động lực học
	a Trường hợp (TH1) tàu di chuyển lai dắt thiết bị khảo sát ở độ sâu 2,5 km
	b Trường hợp (TH2) tàu không di chuyển, chỉ quấn cáp kéo vật lên từ 2,5 km
	c Trường hợp (TH3) tàu vừa di chuyển vừa quấn cáp kéo thiết bị khảo sát lên từ độ sâu 2,5 km


	4 Kết luận

