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Tém tit

Can chinh hé truc chan vit tau thuy la mot bai toan
phuee tap, doi hoi do chinh xdac cao. Mot trong
nhitng nhiém vu quan trong khi can chinh hé truc
la xdc dinh tdi trong goi do. Phwong phdp xdc
dinh tdi trong goi do bang kich nang cho két qua
chinh xdc véi chi phi thdp. Bai bdo tdp trung
nghién ciru 1y thuyét ciia phwong phdp xdc dinh
tdi trong goi d& bang kich ndng, xdy dung quy
trinh do va ap dung tinh todn cho tau Fortune
Navigator. Két qua tinh todn tdi trong thiee té cho
cho thdy tdi trong thuec té tac dung én cdc goi d&
nhé hon gid tri cho phép, dap vmg yéu cau dat ra.
Tir khéa: Tai trong goi d, truc trung gian, kich
nang, can chinh hé truc.

Abstract

Propeller shaft system alignment of ship is a
complex problem that requires high precision.
One of the important tasks when aligning the shaft
system is determining the bearing load. The
method of determining the supporting load by
lifting jacks gives accurate results at low cost. The
article focuses on studying the theory of the
method for determining the bearing load using
lifting jacks, developing a measurement process
and applying calculations to the Fortune
Navigator ship. The results of calculating the
actual load showed that the actual load acting on
the bearings is less than the allowable value,
meeting the set of requirements.

Keywords: Load bearing, intermediate shaft,
Jjack-up test, shaft alignment.

1. Pit van dé

Can chinh hé truc chan vit la mot van dé quan
trong trén tau thuy, dac biét 1a trén cac tau 16n nhu tau
chd hang roi, tau ché dau, tau container va tau ché khi
hod 16ng. Khi cin chinh khong diing hé truc c6 thé dan
dén nhitng rung dong khong mong mudn va ting chi
phi van hanh [1, 2].

Hién nay, c6 mot sé phuong phéap di duoc sir dung
dé danh gia sy déng tam hé truc chan vit tau thuy [3]
nhu: Kich néng, thiét bi do bién dang, do d¢ giy khuc
va d6 léch tam, va cac phuong phap quang hoc.
Phuong phap kich nang 1a mot ky thuat phd bién duoc
sir dung dé do phan luc cua gdi d& truc. Phuong phap
do bién dang 1a mot k¥ thuat mang tinh phén tich cao
hon ding dé do phan lyc gbi d& truc bang cach sir
dung cac thiét bj do bién dang duogc gén tai céc vi tri
xéc dinh trude doc theo truc, déng thoi st dung céc
phuong trinh toan hoc dé tinh todan momen uén doc
theo truc tir bién dang do duoc, sau do co thé str dung
cac phuong trinh nay dé tinh toan phan luc gdi d truc
cho hé théng truc bang phdn mém. Phuong phap do
léch tAm va do gay khiic van duoc str dung dé xac dinh
d6 ddng tam ban dau, nhung phuong phéap nay chi c¢6
thé duoc sir dung dé can chinh hé truc nho, cac hé truc
16n can két hop véi phuong phap khac dé cho két qua
can chinh chinh xac hon [2]. Can chinh bang phuong
phap quang hoc chi yéu dugc sir dung dé phan tich va
diéu chinh vi tri cua cac gbi d& truc khi tau ¢ duéi
nude hodc bén trong u tau va dé xac dinh vi tri ban
dau ciia may chinh. N6 thuong duoc st dung trude khi
le“ip hé truc 1an dau vi n6 chi c¢6 thé duoc sur dung khi
thiéu mot phﬁn cua truc.

Céc tham sd co ban trong qua trinh cin chinh hé
truc bao gdm: Chiéu dai, duong kinh va phan bd tai
trong gbi d& truc. Ngoai ra con co cac yéu t6 khac
phai dugc dinh luong va tinh dén khi can chinh hé
tryc trong cac diéu kién khai thac thuc t& nhu trang
thai tai, nudc dan, didu kién song gi6, nhiét do va luc
déy chan vit [3].

Tai trong gdi d 1a théng sd quan trong trong viée
danh gia muc d6 lam viéc tin cdy, an toan cua hé truc
chan vit tau thuy [4]. N6 duoc hiéu 1a muc do tai
trong ma géi d0o chiu khi hé truc ¢ trang thai tinh.
Bén canh viéc can chinh hé truc chan vit dam bao d6
gay khtc, léch tdm, d¢ co bop truc co trong giéi han
cho phép, thi viéc xac dinh va can chinh dé dam bao
tai trong chia déu cho cac gbi d& va dam bao trong
gidi han cho phép cua nha ché tao 13 v6 cing quan
trong, dac biét 1a ddi véi cac hé truc 1on.
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Tai trong géi dd c6 thé duoc x4c dinh truc tiép
hodc gian tiép [5-7]. Po gian tiép thuong sir dung
phuong phéap do do gy khuc, 1éch tim hodc do bién
dang. Trong khi d6, do tryc tiép thudng dugc tién hanh
bang kich nang. Xac dinh tai trong tic dung 1én gbi d
hé truc chan vit tau thuy bang phuong phap kich ning
¢6 chi phi thdp va do chinh x4c cao hon.

Bai bao nghién ciru co s¢ 1y thuyét phuong phap
xéc dinh tai trong gbi d& bang kich nang. Trén co s&
ly thuyét, bai bao xdy dung quy trinh xac dinh tai
trong géi do bé’mg kich nang, lya chon mdt tau sau khi
sira chira 16n va xac dinh tai trong gbi d& theo quy
trinh da xay dyng dugc.

2. Nghién ctru co sé Iy thuyét cia phwong
phap xac dinh tai trong goi do bang kich nang

2.1. Phwong phdp thwc hién

Dé xéc dinh tai trong gbi d& bang phuong phap
dung kich ning can ¢6 céc thiét bi sau: Kich nang thiy
luc, ddng hd so ¢6 d chinh xac 0,01mm va dé nam
cham, bom tay thuy lyc, dong hd do 4p suit
Obar + 500bar, bd gia d& cho kich va b¢ thur tai. Trén
Hinh 1 trinh bay thiét bi va bd tri ciia cac thiét bi khi
do bang phuong phéap dung kich nang.

Thuc hién bom déy kich 1én tir tir va ghi lai céc tri
s6 dong ho so cung véi ap sut bom, gia tri ap suat
bom tir 10bar + 50bar tuong tmg gia tri ddng hd so tir
0,02mm + 0,05mm. Thong thuong mdi lin do can
nang ap suét khoang 20bar [8].

Déng hé so
Kich
Ap ké
> . Bom
)2 v ~/ thiy lwc
Van diéu chinh

Hinh 1. Cdc thiét bi va dung cu xdc dinh tdi trong goi dé

Bom diy kich dén khi khe ho giita truc va gbi d
bang 0 (truc ty vao phia trén cta gbi d&). Khi d6, néu
tiép tuc bom thi 4p suét s& ting trong khi d6 do dich
chuyén gan nhu khong thay doi.

Ghi lai cac gid tri 6 ca chiéu 1én va xuéng cua truc
khoang 15 gia tri.

Lap bang két qua do va v& do thi quan hé ap sut
bom - d6 dich dong ho so (do thi jack-up).

Cac diém do dugc chdm va két ndi trén d6 thi. Cac
diém khi ap suit tang 1én thi d6 dich dong ho so nhay

bac goi 1a diém gy (break point) (Hinh 2). MJi break
point chi ra mot diém nang do cua mot géi trén hé truc
khi tai trong 1én gbi d& bang 0 va tai trong truyén hét
cho kich nang.

Puong sb 4

Piém gay 3
f Chiéu tang

~Puwong sd 3

D6 dich chuyén, mm

Piém gay 2

T pwéng s6 2
—BDiém gay 1

Puing sd 1 Ap suét, bar

" Piém gdy 0

Hinh 2. Do thi quan hé dp sudt kich néng va gid tri
dong ho so

Po dich chuyén

Ap suat
Hinh 3. D6 thi thé hién géi d6 khéng chiu tdi trong

Trén Hinh 2 thé hién cac diém break point va
duong quan hé gitra ap suat va do dich chuyén.

Diém “0” 1a diém bét dau, khi bit ddu bom ning
kich, chua c6 tai trong 1én kich.

Diém “1” 1a diém tai trong da hoan toan chuyén tir
gbi d& gan nhét sang cho kich.

Piém “2” 1a diém tai trong chuyén hoan toan tir
gbi d& gan tiép sau cho kich.

Diém “3” 4p suat ting vot, chi ra rang khe hé trén
cuia gbi do da bang 0 (truc cham vao nap trén gbi dd).

Puong sb “1” 1a dwoc thé hién qua trinh chuyén
tai trong tir gdi d& gan vi tri do nhét sang kich.

DPuong s6 “2” 1a duong thé hién qua trinh chuyén
tai trong tir gdi d& gan tiép theo sang kich.

Puong s6 “3” thé hién qua trinh chuyén tai trong
tir gbi d& gan tiép sau nita sang kich.

Puong s6 “4” thé hién 4p suét ting vot, truc khong
thé nang 1én vi khe ho trén dd bang 0 (truc ty vao phia
trén gbi d).

Néu khong c6 cac diém gay, duong dic tinh jack-
up tron nhu Hinh 3, didu nay c6 nghia gbi d& khong
hodc gan nhu khéng chiu tai trong.
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2.2. Phan tich va tinh todn tdi trong goi dé

Pwdng trung
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RS R Ra Ap suét kich nang, bar
Hinh 4. Cac duwong tiép tuyén xdc dinh R;

Hinh 4 trinh bay phuong phap phan tich va tinh toan
tai trong gbi d bang phwong phép kich nang. Gia sir
tai trong gbi do tinh toan 1a (R)), dé tinh R; can vé& 2
duong tiép tuyén véi dudng ting va duong giam ap suat
trén do thi jack-up (cac duong phén tich sé 1 va sé 2
trén Hinh 4). Cac gia tri ap suit P, va P, duoc xac dinh
bang cach kéo dai cac dudng tiép tuyén dén truc ap suat.
Khi d6, céc tai trong R, va R, theo cong thirc sau:

_ P x5 W
“ 982
g = fixS @)
“ 982

Trong dé:

R, - Tai trong khi nang kich, T;

R, - Tai trong khi ha kich, T;

S - Fién tich 1am viéc cua kich, cm?;

P., Ps - Ap suit cua kich nang twong tng chiéu
tang va ha ap suat cua kich, bar;

1/982 - Hé s6 chuyén d6i tir kN sang tan.

Khi d6, tai trong tac dung 1én gbi d& s& duoc tinh
nhu sau:

R + R,
R =—21 3)
! 2
Vi kich ning khong dit gitra tim gbi d&, nén gia
tri R; can hi€u chinh. Khi d¢, tai trong thyc tac dung
lén gbi d& dwoc tinh theo cong thirc sau:
R= R]. x (', 4
Trong do:

C - Hé s chuyén doi.
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Hé s6 C da dugc tinh toan khi tau dong méi. Trong
treong hgp khong c6 tai li€u thi c6 thé xac dinh nhu
sau [9]:

Véi cung gbi d& cudi ciia may chinh C = 1,3;

Véi cac géi d6 truc con lai cua may chinh C = 0,9;

Véi gbi @& truc trung gian C = 0,98.
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Hinh 5. Vi du vé db thi jack-up va cdc tiép tuyén vé dwoc
xdc dinh R4, Ra [9]

Pé dam bao do chinh xac cua két qua do, trong
qua trinh do, can chi ¥ nhitng diém sau: 1) Poc va
ghi lai mén nudce phia mili va lai cta tau, tot nhat nén
diéu chinh mén vé cén bang; 2) Po khe ho trén dudi
cia gbi do, diac biét 1a 2 gdi do phia sau cua may
chinh. Truong hop c6 xuét hién khe hé phia dudi, tirc
1a truc khong ngdi 1én bac ¢ trang thai tinh, khi do
viéc xac dinh tai trong s& khong c6 ¥ nghia, can tién
hanh can chinh lai hé truc dé chia déu tai cho cac gbi
dd; 3) Do nhiét @6 cua bac chan doc truc, géi do
trung gian, dam bao nhiét d6 nhu nhau trong sudt quéa
trinh do; 4) Kich thuy luc can duge dat & vi tri chic
chin, théng thuong vi tri nay da thiét ké sin khi dong
tau va cho trude hé s hiéu chinh theo vi tri kich dé
suy ra gié tri tai trong tai tam gdi d&; 5) Pong hd so
cling can phai dugc gin ¢ dinh, khong bi xé dich
khi nang tryc 1én dé dam bao két qua do chinh xéc;
6) Do va ghi chép lai d co bop truc khuyu cua
xylanh cudi ciing ctia may chinh; 7) Trude khi do cin
tach may via khoi banh da. Néu may via van con gin,
phép do sé& khong chinh xéc.

2.3. Phuwong phdp gd, lip thiét bi do

Dé xac dinh tai trong cua gdi d& truc co phia
dubi cia may chinh ching ta s€ dat kich phia duéi
béanh da tai vi tri cing viing, kich nén dugc tiép xuc
v6i it nhat 2 riang banh da bang cach dung thanh
thép hinh dé chia lyc déu (xem Hinh 6). Cac dong
ho so can duge bé tri nhu Hinh 7.
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Kich thay
lwc

Dong hd
s0so03

Dong hoé
S0s02

Déng hd
s0s01

Thanh d&
Kich thuy Iwc
Thanh d&

Hinh 7. Cdch gd thiét bi, dung cu khi do tdi trong géi d&
truc co phia dudi ciia mdy chinh

Pong hd so

Y NN

Hinh 8. Cich gd thiét bi, dung cu khi do tii trong cic goi
do truc co con lai ciia mdy chinh

Dbi voi tai trong cac cung bac con lai cua may
chinh, tién hanh via truc khuyu sao cho ma khuyu gan
g6i d5 ¢ vi tri ndm ngang vé phia éng xa clia may
chinh. Dat thanh d& cho kich (thuong dung bo dung
cu nang do khi thdo bac truc), sau d6 dat kich va déng
hd so nhu Hinh 8.
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Hinh 9. Cdch ga thiét bi, dung cu khi do tdi trong géi dé
trung gian

Dbi voi gbi dd tryc trung gian, kich nang ding dé
do tai trong gbi d& trung gian s& nhé hon vi tai trong
ctia gbi d& nay thap hon so véi gbi dd cia may chinh.
Vi tri dat kich va ddng ho so khi do tai trong gbi do
truc trung gian dugc thé hién trén Hinh 9.
3. Xac dinh tai trong gbi d& tau Fortune
Navigator
3.1. Cic thong sé ciia tau va hién tuwong

Tau Fortune Navigator thudc sé hitu Cong ty C6
phan Van tai bién Viét Nam (VOSCO). Céc thong sb
cua tau dugc trinh bay trong Bang 1.

Bing 1. Cic théng sé tiu

Théng s6 Gia tri
Chiéu dai (m) 119
Chiéu rong (m) 18
Moén nude (m) 7,8
Dién tich bé mit u6t (m?) 3.077,3
Trong tai (DWT) 8515

Trong qua trinh lén dock (thang 5/2023), tau
Fortune Navigator dugc thay toan b ton day phia
dudi tau. Sau khi thay t6n, phan dudi tau bi bién dang,
két ndi truc trung gian vai truc chan vit 1éch tAm nhiéu
va khong thé ndi bu 16ng lién két. Két qua do co bop
truc khuyu may chinh khi két ndi truc trung gian voi
banh da cling khac so voi trude khi 1€n dock, nhiét do
gbi d truc trung gian ting cao khi lam viéc.

3.2. Xdy dung quy trinh do tdi trong va cdn
chinh hé truc tau Fortune Navigator

Véi tinh trang k¥ thuat cua hé truc trén, tac gia da
tién hanh khao sat va xdy dung quy trinh do tai trong
gbi d& truc trung gian va can chinh hé truc cho tau
Fortune Navigator nhu sau [10]:

Budc 1: Chuén bi dung cu va thiét bi, xac dinh vi
tri dat kich nang xéac dinh tai trong cho céc géi do;
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Budce 2: Lam thém b¢ d& cho truc trung gian tai
vi tri trong hd so dong méi cho sin, bé dd nay co
kha nang diéu chinh vi tri d& dang bang cac bu 1ong
tang chinh;

Buéc 3: Tién hanh kich 4n truc chan vit xuéng
tai vi tri mdt bich ndi véi truc trung gian t&i gia tri
lyc theo hd so khi dong méi;

Budc 4: Hi¢u chinh d¢ gay khuc va do 1éch tam
(SAG/GAP) cua mit bich truc chan vit va tryc trung
gian bang cach thay doi gdi truc trung gian va gdi gia
da tao vé gia tri SAG/GAP yéu cau theo hd so khi
dong méi;

Budc 5: Hiéu chinh SAG/GAP cua mait bich truc
trung gian véi truc dong co vé gia tri yéu cau trong hd
so khi dong moi;

Budc 6: Lap va siét cac bu 16ng tinh ctia cac mit
bich truc chan vit va truc trung gian va mat bich giira
truc trung gian véi truc dong co;

Budc 7: Bo d6 co bop truc co, Kkét hop xac dinh tai
trong géi dd tai cac vi tri (vi tri xac dinh tai trong thudng
1a gbi d& trung gian, gbi d& phia trudc clia truc chan vit
va gbi d& cudi ciing ciia may chinh) va so sanh vé6i hd
so khi déng méi. Néu gié tri do co bop, tai trong gbi d&
chua dat yéu cau thi tién hanh can chinh gdi d& truc
trung gian (st dung la can) dé dat duoc cac gia tri do co
bop, tai trong gdi d& truc trung gian trong gidi han so
v6i gia tri dua ra & hd so dong méi.

'\

"‘. \\ O de trye
A chin vt 0 av trye
trung glan i My chinh

(R .
RN / ~
: —

Hinh 10. Bé tri hé truc tau Fortune Navigator
Diéu kién trong qua trinh tién hanh do duogc trinh
bay trong Bang 2.

Bing 2. Piéu kién trong qud trinh do

Théng s6 Gia tri
Nhiét d6 budng may (°C) 33
Mén nu6e phia l4i (m) 3.8
Moén nudce phia miii (m) 2,8

3.3. Két qud va théo ludn
3.3.1. Két qua do trude khi can chinh

Sau khi tién hanh quy trinh do nhu trén, ta tién
hanh vé& db thi jack-up va xac dinh tai trong tac dung
1én gbi d& truc trung gian. Két qua xé4c dinh tai trong
g6i d& tryc trung gian cua tau Fortune Navigator trudc
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khi cin chinh dugc trinh bay trén Hinh 11. Két qua
tinh toan tai trong tac dung 1én gdi d& truc trung gian
trude khi can chinh cho thay tai trong thuc té tac dung
1én gbi d truc trung gian thuc té (6,211T) 16n hon gia
trj 16n nhat cho phép (6,03T). Diéu nay c6 thé 1a
nguyén nhan 1am cho tryc chan vit khong dong tam,
gdy nén hién tugng ting nhiét do gdi d& truc trung
gian khi lam viéc.

60 T T T 1
55 1 xl 1 /
—=a— Chieu léng{ ,/ /
50 - - - Chidu giam| ryaiwi
4541 L i
E40 S ’lf
E 1
5 35 71
230 P
[*] I 7
5 25 #177
S /K
;‘;‘20_ /r/ // .
15 :
10 . / /
B L i L
5 Pyz 1
0 | - | Rd ,R /R
0 50 100 150 200 ' 250 300 350

Ap suét (bar)

Hinh 11. Két qud do tii trong géi dé truc trung gian

tau Fortune Navigator trwoc khi can chinh
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Hinh 12. Két qua do tdi trong goi do truc trung gian
tau Fortune Navigator sau khi can chinh

3.3.2. Két qua do sau khi cin chinh

Hinh 12 trinh bay két qua xéac dinh tai trong gbi
dd truc trung gian cua tau Fortune Navigator sau
khi cin chinh. Két qua tinh toan tai trong tac dung
1én gbi d& tryc trung gian sau khi can chinh cho thay
tai trong thyc té tac dung 1én gbi d& truc trung gian
thuc t& (5,68T) nho hon gia tri 1én nhét cho phép
(6,03T). Két hop véi viéc do co bop truc co dé dam
béo gia tri ndy nam trong gigi han cho phép thi qua
trinh can chinh hé truc duoc coi la dat yéu cau.
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4. Két luan

Xac dinh tai trong gbi d& truc ¢6 y nghia quan
trong trong qua trinh can chinh hé truc chan vit. Bai
béo da gidi thiéu wu nhuge diém cua cac phuong phap
xac dinh tai trong va da lya chon phuong phap xac
dinh tai trong gdi d& bang kich nang d¢é tinh toan cho
mot tau cy thé.

Can ctr vao ly thuyét va quy trinh do, tinh toan tai
trong tac dung 1én gbi d& truc trung gian, bai bao da
xdy dung quy trinh, tién hanh do va x4c dinh tai trong
gbi d& truc trung gian tau Fortune Navigator ctia cong
ty van tai bién VOSCO bang phuong phap kich nang.
Két qua tinh toan cho thy sau khi can chinh tai trong
thuc té tac dung lén géi dd tryc trung gian tau Fortune
Navigator nhé hon gidi han cho phép.
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