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TOM TAT: Gian khoan tw nang la mot hé théng diéu
khién phtrc tap, trong dé hé théng truyén dong duwoc
thiét ké hoat ddong dam bao 6n dinh trong cac diéu
kién lam viéc khéc nghiét nhat. Bai bao phan tich dac
tinh dong hoc, khdo sat anh huwdng clda yéu t6 moi
trwong va hiéu &ng thay déng hoc anh hwéng Ién
qua trinh diéu khién 6n dinh nang ha gian khoan. Hé
phuong trinh déng hoc dwoc thiét 1ap trwéc khi thiét
ké co khi va thi cong md hinh phuc vu qua trinh diéu
khién 6n dinh nang ha gian khoan. Cac két qua cua
bai bao chitng té réng viéc phan tich hé théng thanh
rang - banh rang rat quan trong vi hinh dang hinh hoc
va vi tri ti€p xdac thay dai lién tuc theo chuyén dong
quay cla banh rang trong qua trinh diéu khién.

TU KHOA: Cong trinh ngoai khoi, gian khoan ty nang,
hé thanh rang - banh rang, phan tich &ng suat.

ABSTRACT: The jack-up rig is a complex control
system in which the drive system is designed to
operate consistently under the most difficult working
conditions. The paper investigates the dynamic
properties, studies the influence of environmental
factors and the hydrodynamic effects concerning the
lifting control process of the rig. Kinetic equations
were set up before the mechanical design and
construction of the model for the stable control
process of lifting and lowering the jack-up rig. The
results show that the rack-pinion system analysis is
a very important process because the geometry and
the contact position change continuously with the
rotation of the gear during control.

KEYWORDS: Offshore constructions, jack-up rig,
rack-pinion, stiffness analysis.

DATVANDE

Gian khoan ty nang lan dau tién duwoc gi6i thiéu vao
cudi nhirng ndm 1950, hé théng truyén déng ki€éu thanh
ring - banh rang dung dé nang ha gian da dugc dwa ngay
sau doé [1] va gian khoan tr¢ thanh co s& ha tdng rit phd
bién dé tham do dau khi [2] cht yéu do dé I&p dat, bao
dudng, stta chita, khd nang thich rng tuyét voi véi doé sau
nuéc (Hinh 1.1).

Hinh 1.1: Gian khoan HAKURYU-II

Téng quan cac cong trinh gan day [1-7] cho thdy viéc
nghién ctu vé hé théng thanh rang - banh rang clia gian
khoan ty nang con tén tai mot s6 nhwoc diém vé ky thuat
nhu&ng suat téi han va gi¢i han mai, khd nang sirdung ctia
hé théng thanh rang - banh riang cidn duoc phat trién toan
dién hon nhdm dat dwoc hiéu suét téi wu trong thiét k& Bén
canh do, tac déng clla mdi trvong c6 thé dugc chia thanh
tai trong tinh bao gém dd sau cta nuwdc, dia chit day bién,
nhiét dé khéng khi, nwéc, d6 &m va cac tai trong dong nhw
gio, séng, dong chdy. Trong danh gia dd bén két ciu cla
chan gian cht yéu xét dén cac &nh hudng cla gid, séng va
dong chay [4,8-10],

Do vay, nhdm phan tich dic tinh déng hoc cda hé
thdng tw nang gian khoan, trién khai cac thiét ké dé khao
sat &nh huédng cla cac yéu té mdi trwong, hiéu ¢ng thay
dong hoc anh hudng Ién qué trinh diéu khién 6n dinh nang
ha gian khoan, bai bao khai quat va phan tich tac ddéng mai
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truong & phan 2, mé hinh toan hoc gi¢i thiéu tai phan 3.
Trén co s& md hinh toan hoc, ti€én hanh trién khai thiét ké,
moé phéng va ché tao mé hinh th& nghiém, cac két qua
duoc dua ra trong phan 4. CAc nhan xét, danh gia va két
luan dwa ra trong phan 5.

2. PHAN TiCH CAC TAC BDONG LEN KET CAU GIAN

2.1. Tac dong cuia séng, gié va dong chay

Tai trong gi6 anh hudng dén do 6n dinh ciia dd bén
két cdu, do 6n dinh ndi chia gian va n6é phu thudc vao van
téc, dién tich chan gi6, chiéu cao va hinh dang két cdu. Hién
nay, c6 4 phuwong phéap tinh tai trong gié: thir nghiém hién
trrong, dwdng ham gié, mé phéng sé va st dung cong thirc
duva téng hep tir thuc nghiém [4,8-10].

Tai trong séng c6 thé gay thiét hai xdu cho cac cong
trinh ngoai khei, hién nay c6 hai phuvong phap dé thiét lap
mo hinh séng, phuong phap séng thiét ké va phwong phap
théng ké song [11-13]. Cong cu k¥ thuat t6t nhat hién cé dé
tinh toan la st dung phuwong trinh Morison [14]:

~cddulu|

+ Cm7T—1u ids

Trong do6: p - Trong lvgng riéng chat 1dng;

Cd - Hé sO can;

Cm - Hé s6 quan tinh;

D - Budng kinh chan gian.

u, U -Van toc, gia téc clia nuéc theo phrong ngang tac
dung Ién chan gian.

Van t6c dong chay thay déi theo dd sau, thoi gian,
khéng gian va rung déng do xoay dugc bé qua trong qua
trinh tinh toan cho cdng trinh ngoai khoi. Théng thudng,
dong chay duoc coi 1a 6n dinh, ta can tinh toan van téc va
bién dang van téc clia dong chay trén mat nwéc [15,16], Luc
tac dung clia dong chay 1én chan c6 thé duoc tinh riéng
theo phuong trinh sau[14]:

Fc =-pDCdu\u\ 2

2.2. Hiéu &*ng khuéch dai thay déng hoc va sai léch
hinh hoc banh rang

Hoat déng dinh ky clia s6ng va dong chay sé gay ra
rung dong cho két cau cla gian cung céc lién két clia chan
gian [17,18], P& phan tich rung déng clia cac cong trinh
bién, ta c6 cac phuvong phap thich hop nhw khuéch dai hé
s6 déng, phan tich mién tan s hodc phan tich mién thoi
gian [11,12], Strdung phuong phap khuéch dai hé s6 déng,
trong do6 tai trong quan tinh duoc sitdung dé biéu dién cho
tai trong dong thi ty s gitta khuéch dai dap &rng ddng va
khuéch dai dap rng tinh duoc tinh bang phwong phap DAF
(Dynamic Amplification Factor) [14],

3

Trong d6: TN - T4n s6 tw nhién cda gian; T - Tan s6 kich
thich clla séng; E - Ty 1é gidm chéan.

Bén canh d6, toan bo (rng suat truyén tir banh rang dén
thanh rang lién quan dén cac théng s6 hinh hoc quan trong
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nhu s6 rdng clia banh rang, buéc rang, goéc ap suat, vi tri ti€p
xUc va db cao rang cla thanh rang [10]. Hinh dang hinh hoc
clia hé thanh rang - banh rang quyét dinh viéc thuc hién
chinh xac cac hoat dong nang hoac ha chan gian khoan...
mot 16i nhd v& hinh dang clia rang cé thé lam gidm hiéu
suat hoat ddng mong mudn clia hé thanh rang - banh rang.

Truyé&n dong thanh rang - banh rang c6 nhiéu loai sai s6
(nhusai léch bién dang rang, buéc rang, hwéng tam, hvéng
truc va mot s6 16i khdéng xac dinh..). Sai s6 hinh dang va
vi tri clla bé mat ti€p xuc sé &nh hudng dén sai s truyén
dong, sai s6 tich Ity ciia bé mat I&p ghép nhu banh rang,
truc va vong dém. Khi dé, hé truyén ddng sé bi anh huéng
b&i cac sai s6 hinh hoc khac nhau, téng cac sai s6 thanh
phan sé dwoc xEp chdng 1én nhau theo [6], cu thé la:

(Axoi, Ayai, Azoj, Aoj, Al?oi, Ayoi)
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Trong dé: dx.., dy, dz.., xi( 6yil 0Z.. |an luot 1a sai s6 thirj
clia chi tiét tha i. Ax0j, Ayoi, Az0i, AGOi, AOOi, Ayw 1an Iwot la 3 sai
s6 dich chuyén theo va 3 sai s6 quay ctia cung 1 chi tiét duoi
s chéng chat céac sai s6 hinh hoc khac nhau.

3. MO HINH TOAN HOC

Hinh 3.1: Thdéng s6chinh ctia moét rang
Hinh dang hinh hoc va lyc tac dung 1én mot rang dugc
thé hién nhu Hinh 3.1. (’ng suét udn rang do hoat déng cua
banh rang suy ra theo phuong trinh Lewis [19,20] ¢ thé
duogc trinh bay nhu sau:

och ~ W (§|

Trong dé: F' - Tai trong truyén; b - Bé rbng mat rang; m -
MO6-dun banh rang;

Q=n/p

Y - Hé s6 Lewis, hé s6 nay c6 thé dugc tinh nhuw sau [19]:

Y =2~ (6)

X - Kich thuwéc duogc trinh bay trong hinh hoc (Hinh 3.1)
va X ¢6 thé tinh nhu sau [19]:



h2
X = 4L 7)
Luc tvong dwong véi md-men xodn cuc dai tadc dung
(tmax) c6 thé duwoc do tir phurong trinh sau:
pt = )
r
rng sudt udn (ob) clia banh rang co6 thé ldy tir hwéng
dan cloa Hiép hdi cac nha san xuit banh rang Hoa Ky
(AGMA) [21]

ob = kokvkskhkb (5)

Trong do: Ft - Tai trong;

Ko - Hé sb qua tai;

Kv- Hé s6 dbng;

Ks- Hé so kich thuoc;

Kh - Hé s6 phan phoi tai trong;

Kb - Hé sb do day rang;

b - Chiéu rdng mat cta chiéu dai chiu tai.

Gia tri cla kich thuéc, do day, toc dé hoat ddng va cach
str dung c6 duoc bing cach st dung bidu dé va dé thi cta
cubn sach do Childs viét (2013) [19] theo khuyén nghi cla
AGMA dugc trinh bay trong cong thirc so (9).

4. THIET KE VA MO PHONG

Trong qua trinh thiét ké va mé phéng mo hinh 3D, rang
déau tién clia banh rang duwoc tao thanh bdng cach st dung
cac toa do tir dwdng cong than khai va sau dé cho quay 360
do dé tao ra cac rang con lai. Twong tw, hinh dang hinh hoc
clia thanh rang duoc phat trién & dang lién tuc bai s 13p lai
cla rang trén thanh riang don. Sau khi 18p rap thanh rang va
banh rang, mé hinh mé phéng clta hé théng thanh rang -
banh rang duwoc trinh bay nhw Hinh 4.1.

Hinh 4.1: M6 phong thanh rang 1 banh rang

Trong nghién clru nay, ching tdéi da moé hinh hoéa toan
bé hé théng thanh rang - banh rang bang phdn mém
Autodesk Inventor Professional 2021, thay vi khdo sat moét
chiéc rang duy nhat da dugc thuc hién béi Cao va cac cong
su. (2013) [2], Trong qua trinh thiét k&, cac thdng s6 duoc
Iva chon va tinh toan (Hinh 4.2) trén Bang 4.1 da duwoc tuan
th chinh xac véi dung sai 0,1 mm dé phat trién moé hinh
thanh rang - banh rang cho mé hinh chan dé gian khoan.
P06 day banh rang duoc dé xuat la 10 mm va dé day thanh
rang la 5 mm.

Hinh 4.2: Hinh dang hinh hoc banh rang
Bang 4.1. Théng sOthanh rang - banh rang

Thong s6 Gia tri
Goc ap luc 20°

Ban kinh vong lan 30 mm
Buéc rang 4,71

Ban kinh dinh rang 33 mm
Ban kinh chan rang 26,25 mm
M6-dun 15 mm
S6 rang 20

Chiéu cao rang thanh rang 3,38 mm

5. KET LUAN

Trong bai b&o nay, cac phan tich dwoc thuc hién dé
khao sat (rng suat, do clrng va tinh nang maoi ctia hé théng
thanh ring - banh riang bang cach sir dung hinh dang
hinh hoc theo tiéu chuin quy dinh va cac thong tin thiét
ké khac. Thong qua viéc phan tich hé, co s& md hinh toan
haoc, trién khai thiét k&, chang t6i da mé phong va ché tao
thanh cong mé hinh th&r nghiém thanh rang - banh rang
cho chan dé gian khoan.Tuy nhién, do thu thap céc sé liéu
clia gian khoan ty nang twvong ddi khoé khan nén cé thé
két qua chuwa phan anh chinh xac voi diéu kién thuc té. Két
qua bai bao l1a co s& dé ti€p tuc ma rong nghién clru, rng
dung céc giai thuat didu khién can bing trén mé hinh gian
khoan ty nang.
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