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Tom tit

Sw phéi hop cong tdc giita dong co va chan vit la
van dé quan trong trong qud trinh khai thic Hé
dong luc tau thuy. Viéc lva chon phu hop téc do
quay chdn vit sé cho hiéu sudt ciia dong co va
chan vit cao, nguoc lgi co thé gay su 6 cho dong
co, chan vit va hé théng dwong truc. Vong quay
chan vit bj gidi han trong pham vi ddi toc dé quay
cong tac ciia dong co diesel, phu thudc vao chit
leong qud trinh chdy trong buong dot déng co
diesel ¢ ddi vong quay thap va gi6i han mé men
hay hiéu sudt thity dong cia chan vit ¢ ddai vong
quay cao hon. Bai bdo nay gioi thiéu chon vung
vong quay lam viéc phi hop, hiéu qud va an toan
ciia truc chdn vit tau thiy trong thiét ké va khai
théc hé thong dong luc diesel tau thiy.

T khoa: Truc chan vit tau thuy, dong luc diesel
tau thay.

Abstract

Engine - propeller matching is an important work,
a right chosen propeller RPM will give high
efficiency of engine and propeller, otherwise, may
cause some problems for engine, propeller and
shaft devices. The propeller rotation is limited to
the range of the rotational speed of the diesel
engine, depending on the quality of the
combustion in the diesel engine combustion
chamber in the low revolution range and the
torque limit of shaft or hydrodynamic efficiency of
propeller in the higher RPM range. This article
instroduces the selecting suitable, efficient and
safe speed range of propeller shaft in design and
operation of marine diesel propulsion.

Keywords: Marine propeller shaft, marine diesel
propulsion.

1. Pat van dé

Cong nghiép tau thity di tién nhimg budc dai trén
phuong dién sé lugng va cht luong doi tau, nhung
can dic biét chl trong phat trién khoa hoc ky thuat

hang hai cung vai quan ly hiéu qua nang lugng tau
thiy theo cac yéu cau cia to chirc hang hai thé gisi dé
nang cao hiéu suat hé dong luc, giam 6 nhiém moi
truong, giam phat thai carbondioxit, trén co s& cua
nghi dinh thu Kyoto vé huéng dan thuc hién céc qui
dinh bt bugc vé hiéu qua ning luong tau thuy theo
MARPOL annex VI, trong d6 c6: Chi tiéu thiét ké
hiéu qua nang lugng EEDI (energy efficiency design
index) va chi tiéu ké hoach quan ly hiéu qua ning
lwong tau thay SEEMP (ship energy efficiency
management plan) cho tau thiét ké va dong méi voi
muc dich thuc ddy nang cao hiéu suit sir dung, bé tri
trang thiét bi va may maéc cua hé dong luc tau thay.
Nhu vay voi viée nghién ctru phan tich Iya chon
viing vong quay khai thac va thiét ké cua chan vit tau
thity theo yéu cau tuong thich véi dong co diesel va
hiéu suat cong tac cta chan vit, 1a hoan toan phu hop
v6i yéu cau cip thiét cua khoa hoc k¥ thuat hang hai.
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Hinh 1. Higu sudt chan vit, hé sé6 mé men va luc diy
theo tysé tign J  [3]
no- Hiéu sudt chan vit trong bé thir mé hinh, chua tinh
anh hwong khi chan vit lam viéc thuc 1é sau duéi tau,
K- Hé 56 Iuc dcfy, Ko- Hé s6 mé men trong bé thir mé
hinh, chua tinh téi anh huong sau dudi tau [9].
2. Ngi dung
2.1. Phan tich va chen ddi vong quay lam viéc
cuia dong co diesel chinh trong thiét ké
Chung ta biét cong suit chan vit cd quan hé béc ba
v6i vong quay trén truc, vi nd phu thudc vao nhidu yéu
t6: Tir sirc can vo tau, chidu chim tau, séng gi6, dong
chay hay chiéu sau ludng lach cho dén cac bo phan
hop thanh hé dong luc.
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N, =K,.n* w) )
Tuong tng mO men trén tryuc:
M =K,,.n%, (Nm) @

Trong d6: Ky, Km - Hé s6 cong suat va hé sé6 mo
men trén truc chan vit sau du6i tau;

n - Vong quay trén truc chan vit, (v/s).

Theo phan tich toan hoc don thuan thi ting vong
quay sé tang dugc cong suat chan vit va md men. Tuy
nhién trong thyc té khong phai hoan toan nhu vay, vi
n6 lién quan dén hiéu suit chan vit, hiéu suat chan vit
dugc dinh nghia 1a ty sb gitra cong suit day nuéc va
cbng suat quay co hoc cung cap cho chan vit.

Mt khac, md men tong phét trién boi dong nudc
gay ra trén truc c6 thé xac dinh theo quan hé bac 5 Vi
duong kinh chén vit:

M =K, o.0.D°n? 3)

Trong d6:
Kmev - Hé s6 mod men theo chan vit;
D - Buong kinh chan vit, (m);
p - Mat dd dong nuéce sau chan vit, (N/m?3).
Phuong trinh (3) goi ¥ cho ching ta thiy dé thi
budc bén co kiém soat va ‘an toan’, tranh dong co
diesel chinh dat dén gigi han qua tai vé md men va
nhiét thi ching ta c6 thé giam mat d6 dong nudc p
bang cach khuéch tan bot khi nén vao dong nudc toi
chan vit.
So sanh phuong trinh (2) va (3) ta rat ra hé s md
men trén truc chan vit c¢6 budc ¢b dinh 1a:
Km = Kmjev- p. D® (4)
D& thay Ky hay K tot khi D tang (mac di 12 xu
huéng hién nay nhung né con bi gisi han bai chiéu
chim tau) nhung chung déu khong ty 1& thuan véi ty
s6 tién cua chan vit ‘advance coefficient’ J, la théng
s6 phan &nh hiéu suat chan vit:
Vv

.J —__a
n.D ®)

Trong do:

Va - Tdc do tién ciia chan vit so véi mat nudc, Xap
xi tbe d¢ tién cua tau, (m/s);

Kum hay Kwe déu lam giam anh huéng cua J.

Tir (5) chung ta thay c6 mot gigi han vong quay lam
viéc cua truc quay dé dam bao hiéu suat chan vit theo
‘advance coefficient’ J, va thyuc té nguoi ta thiy riang
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hiéu suat chan vit c6 gia tri t5i wu khi J ndm trong
khoang 0,5+0,9 (Hinh 1), vuot ra ngoai khoang nay
hiéu suit chan vit s& giam. Diéu d6 c6 nghia vong quay
lam viéc cua chan vit cé mot gia tri giéi han hiéu qua
theo tc do va kich ¢ tau, tir d6 trén co s& gia tri toi vu
cua J phu thugc theo toc do thiét ké chay tau Va va
thong sb phu thugc chidu chim tau 1a dudng kinh chéan
vit, thi ching ta c6 thé so bd xac dinh vong quay lam
viéc hiéu qua cua chan vit, va trong thuc té cac tau ¢
I6n gia tri vong quay nay nam trong khoang 60+260
(v/ph), con nguoc lai higu suat chan vit s& nho, c6 thé
dudi 30%. Tau chién, tau vu tién kich thudc dong co
nhé, toc d6 cao thi khong thé cé hiéu suat chan vit hay
ty s tién cao hon céc tau van tai dugc. Ngoai ra viéc
chon vong quay con can quan tim dén tinh trang xam
thuc caa chan vit, va dugc tinh ti trong hé s6 xam thuc,
xam thyc sé tang khi n hoac V, tang.

Cau hoi dat ra by gio 1a vai dai vong quay rong
nhu vay thi véi cac tau cu thé theo lwong chiém nudc
thi chon nhu thé nao? Tir phwong trinh vi phan chuyén
déng cua tau thuy c6 dang:
dv(t)
Tdt

B = Tp-Ry (6)

Trong dé:

B - Khéi lwong toan b, lién quan dén dung tich
cua tau;

v - Van téc tau;

Tp, Rt - Luc déy co ich va sirc can toan bo 1én tau.

Ta thay tau nho, dung tich nho thi viéc gia toc
khi thay d6i tbe do tau theo su thay ddi luc phat
dong Tp-Rr s& tdt, c6 nghia nhitng tau nay c6 thé
lap may vong quay cao kich thudc nho, nguoc lai,
tau 16n c6 dung tich 16n, quan tinh 16n (tau 220.000
tan & toc d6 10 hai 1y/h c6 tron ‘stopping distance’
dén 4,5 hai 1y), nhitng tau nay c6 kha niang gia toc
tau han ché thi nén chon may c6 vong quay thip sé
ning cao hiéu suit day chan vit, didu do 1y giai vi
sao c6 nhiing tau 16n nhu ULCC (Ultra large crude
carrier) vong quay may chi 70 (v/ph) ma tc do co
thé dat 17 hai Iy/h.

2.2. Phan tich va lua chgn vung vong quay
lam vigc ciia dong co diesel chinh

Trong myc nay nhom tac gia tién hanh phan tich va
huéng din thyc nghiém chon viing vong quay lam viéc
phu hop an toan va hiéu qua cho dong co diesel chinh,
trén co s& cac duong dac tinh tai cua may 6S70MC-C
trén bé thur, duoc lép cho tau hang roi NSS
ENDEAVOR (Hinh 2).
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Hinh 2. Cac ddc tinh cong tic ciia mdy 6S70MC-C
trén bé thir [6]

Cong suét thiét ké hoat dong lién tuc (M.C.0.)
& 100% tai 14 16860kW, ¢ vong quay chén vit 1a 91
(v/ph) [6].

0.0. - ‘overload output’ - La diém lam viéc khi
tién hanh thir qua tai dong co hodc trong mot s diéu
kién 1am viéc khic nghiét (tau bi mac can, chan vit bi
vudng vat can, tau chay trong béo,...).

Puong 3 - Pudng ap suét c6 ich trung binh dinh
mirc100% tai.

DPuong 4 - Pudng dic tinh thiét ké chan vit, duong
nay chon cong suat nho hon cong suat chan vit dinh
muc tir 2,5%+5,0% dé bu cho hau ha bam trong chu
ky 1én da, twong g trong khai thac 1a tau day hang,
thoi tiét tt va vo tau khong hau ha.

DPuong 6 - Buong gap khic biéu dién dic tinh gisi
han phu tai, & cac ché do gidi han md men tai gay qua
tai nhiét.

buong 7 - Buong gidi han qué tai, gigi han trén
gay cho tua bin va phé hoai cac ché do lam viéc binh
thuong cua dong co.

Dién tich nim trong giGi han duong 4, duong 5 va
dudng 6 13 ving khai thac dong co & ché do day hang.
Khi tau ché hang qua dudng mén nude, vo tau bi hau
ha, chay nguoc séng, ngugc nudc, chay & ludng lach
can, chan vit bi vat can, hay dac biét khi tau bi mic
can, tuy thudc theo muc do khic nghiét ma ché do
khai thac may s& nam lan can dudng 6, khi d6 vong
quay may khong dat dinh mac 91 (v/ph) nhung may
bi qua tai vé md men, bi qua tai vé nhiét.

Puong 1 - Puong dic tinh chan vit dinh mic & ché
d6 du tai - twong tng trong khai thac 1a tau day hang,
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vo tau bi hau ha va thoi tiét tét, ving gisi han giia
duong 4, dudong 5 va duong 1 13 ving du cong suit
2,5%+5,0% bu cho hau ha bam gitra chu ky 1én da.

Khai thac & ché d6 dinh muc trung binh C.S.O.
(Continuous service output) twong tng 85% cong suat
thiét ké & vong quay khoang 86,5 (v/ph) 1a ché do khai
thac trung binh thudong xuyén, khi tau ddy hang, vo
tau bi hau ha. Nhung néu tau chay ngugc song, nguoc
dong, ludng can, mic du van dit & vong quay khai
théc 86,5, thi diém khai thac C.S.O. s& dich 1én trén di
vé phia gin véi duong gisi han qua tai nhiét, khi d6
can quan tam téi md men tai hoac vi tri thanh ring
nhién liéu, va qua thong sé phan &nh truc tiép chat
lwgng qua trinh chay ctia déng co 1a nhiét do khi xa,
lGc nay con can quan tim dén ché do tang ap khi nap
Vi tua bin tan dung nhiét khi xa ciing dat dén giéi han.

Khi hong mét vai xi lanh, khi chay chng cuép cé
thé khai thac may dén ap suat c6 ich trung binh 100%
tuong ung 18kG/cm? (6S7TOMC), cac thong sb khai
thac khac nhu nhiét @6 khi thai, thanh rang nhién liéu
c6 thé lay twong dwong ché @6 M.C.O. néi nhu vay vi
thdng s khai théc cha yéu la vong quay con phu thudc
tinh trang bién va khi d6 tinh trang 1am viéc cua cap
tua bin - may nén khi ting ap ciing dat dén gidi han
trén do d6 cling lam anh hudng nguoc lai qué trinh
chay trong dong co.

Dién tich ndm trong giéi han duong 2, dudng 5 va
dudng 4 dic trung cho ché do chay ballast cua tau, vé
mat 1y thuyét thi khi nay tai nhe c6 thé khai thac may
& vong quay cao, nhung trong thuc té khong phai hoan
toan nhu vay. Chung ta xem xét ché d6 khai thac nay
trén d6 thi Hinh 3.

Hinh 3. Phéi hop cong tac gifta djng co véi chin vit

Gia sur dong co dang khai thac ¢ vong quay dinh
muc xung quanh diém A, giao cua dic tinh md men
yéu cau cua chan vit - dudng I, mé men phat dong cua
dong co - dudng 1 va dic tinh didu téc AB.
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Khi song yén bién lang, ching ta khai thac méay ¢
vong quay dinh muc thi khong c6 van dé gi, nhung
khi chay trong viing c6 séng gi6 thi can giam vong
quay may chinh theo tinh trang bién dé tranh
‘shutdow’ do ‘overspeed’ (Bang 2, vai may 6S60MC-
C, & dia chi 093, 094 vong quay overspeed shutdow
la 101(v/ph)). Trén @b thi ta thiy khi song trum Ién
tau, 1én chan vit 1am chiéu chim tau tang 1én tuc thoi,
lac nay dic tinh yéu cau cua chan vit s& di dén duong
II, dong co giam vong quay veé tuong tng diém A’do
tinh tu 6n dinh, nhung sau d6 bo diéu toc sé& tac dong
diéu chinh ting thanh rang nhién liéu dé ting phuc hoi
vong quay Vé dinh mirc trong ng véi cong suat yéu
cau latai B’, & 6 dong co s& qua tai md men, qua tai
nhiét va gisi han vé khong khi cdp budng dét. Nhung
nhu chiing ta biét b diéu tdc con cé b tri thiét bi gisi
han lugng nhién liéu cap ca bang dién tir va co khi
(Bang 2, v4i may 6S60MC-C, gidi han lwong nhién
liéu cap 16n nhét cua bo diéu tdc dién tir & dia chi 099
1a 77,lmm) nén dong co chi phat dong céng sut
tuong ung voi duong ‘max fuel limiter’, ddng co lac
nay lam viéc & ché do co vong quay tuong ng Vi
diém B tro xudng. Song di qua tau lai troi Ién, chiéu
chim tau tac thoi lai giam, chan vit trdi 1én trén mat
nude, dudng dic tinh yéu cau cua chan vit lai tro vé
duodng 111, diém phéi hop cong tac luc nay 1a B”, vuot
ra ngoai duong ‘overspeed’ may s€ ‘shutdow’ngay 1ap
tire khong c6 do tré, rat nguy hiém. Vi vay can dy ligu
tinh trang s6ng bién dé chon gi4 tri dit vong quay khai
thiac may chinh trong truong hop nay dé dam bao
trong moi trudng hop khong 1am vuot toe dong co
diesel chinh.

Bdng 1. Anh hwéng ciia séng bién 1én tée dp dong co

diesel chinh va tdc 44 thu NSS ENDEAVOR

Engme speed(RPM)

Sea state Ship
Ballast speed
condifon | Sea | gy . set | masimmm | N
con (mile) Service

overspeed

1A full 7 1h 142 70 s7 86.5 101

52A full 6 10h 151 75 93 86.5 101

33A full 6 11h 149 75 54 86.5 101

Bang 1 nhom Téc gia giai thiéu viéc lya chon vong
quay lam viéc cua dong co chinh 6S60MC-C lip trén
tau NSS ENDEAVOR, trén co sé thuc nghiém diéu
chinh va théng ké anh hudng cia song bién I1én toc do
dong co chinh trong khai thac & ché do day ballast khi
di qua eo bién Cape Hope Nam Phi trong ba chuyén
lién tuc.

Nhu vay viéc chon gigi han trén cho vong quay
khai thac dong co diesel trong treong hop nhu Bang 1
la hoan toan dwa vao thong ké gia tri vong quay lon
nhat xuat hién theo tinh trang séng bién thyc té dé dam
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bao an toan tau khong dé xay ra tinh trang ‘shutdow’
dong co do ‘over speed’, con gii han duédi cua vong
quay dt cang cao, gan véi yéu cau toc do khai thac
cua tau (vi cac dong co diéu khién cam MC lam viéc
¢ tai cang nho cang kém) va thuong cang xa vung gidi
han lam viéc cua quat gi6 phu ting ap cang tt, dé
tranh viéc tu dong bat tit quat nay do &p suét trong
hop khi quét giam dén gioi han 0,069MPa ma 1am anh
huong dén dong tai, dén cong suat may phat dién, hay
tudi tho cac thiét bi.

Bdng 2. Mgt sé gia tri gidi hgn dét dgng co 6S60MC

Ten. Adj range Set. velue
Pass - .
Use | Description unit
key ad wor Min. Max. 1 2
80 Limit Actuator position
. % 0.0 2000 71 72
limiter(high gain mode) |
93 Limi i
mit Cnmmandrnl‘am‘ﬂg speed »m 0.0 9999 101 01
upper limit
94 Limit C drotati d
o ommandrorungspeed | | 00 | sess | 101 51
upper limit
99 Limit Actuator upper limiter | %/mm | 0.0 200.0 92 771

Nguén:Manoeuvring system, Mitsui-Man B&W-NSS
ENDEAVOR finish plan, 2004

Ciing nhu cac may diesel thong thuong, dong co
6S70MC-C cho phép chay qué tai cong suat 110% 1
gio sau chu ky 12 gio.

Qua taimo men

::Ho TB, hoackhai den

Cong suatyeu cau
iia chanvit

Hinh 4. Pham vi cong tac ciia may chinh lai chan vit

Trén so dd Hinh 4 gidi thiéu so d6 phan ving khai
thac dong co diesel theo cong suét yéu cau cua chan
vit, & day dudng cong cong suat yéu cau caa chan vit
phu thugc theo vong quay 1a quan hé bac ba (phuong
trinh (1)), vi n6 phy thudc vao nhiéu yéu té nhu: Tinh
trang vo tau, tinh trang ngoai bién, hay luc can tir hé
dudng truc va cac khap néi.

Dic tinh tiéu thu cong suat caa chan vit ludn ludn
thay ddi trong qué trinh cong tac do anh huong cua
nhiéu yéu t6 nhu: Tinh trang bién, sirc gi6, dong chay,
tinh trang vo tau hay lugng chiém nuéc. Néi chung,
viéc tang tinh khéc liét cua nhiing yéu t6 nay s& yéu
ciu ting cong suit chan vit dé duy tri toc do dong co
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theo diém dit cua bo diéu toc. Nhu vay, duong cong
suat yu cau ctia chan vit khi nay s& di chuyén vé bén
tréi tién toi dudng A, twong ing véi ché do lam viéc
clia dong co nang né hon so vai thiét ké, 1am dong co
c6 thé roi vao ving qua tai vé md men hay qua tai
nhiét, do d6 trong thuc té diéu nay phai duoc tinh tai
trong st dung khai thac dong co, cling nhu khi chon
méy chinh, thiét ké hé théng dong luc. Mot duong
cong nhu duong B, nam bén phai duong cong suat
thiét ké yéu cau cua chan vit c6 thé duoc lra chon cho
phdi hop cong tac gitra dong co va chan vit trong khai
thac, dam bao c6 do du an toan cta déng co lai chan
vit, bu cho tinh trang khic nghiét cua bién, hay céc
vén d& khéc chua duoc tinh dén, dé dam bao hiéu qua
khai théc trong chu ky 1én da.

3. Két luan

Nhu vay qua thuc té van hanh khai théac hé dong
lyc tau thuy, chang tdi thay viéc chon vong quay lam
viéc cho dong co chinh trong cac diéu kién khéc nhau
1a khéc nhau: Can phai tinh t6i anh huong cua séng
gi6, dong hai luu, vi tri caa banh 1ai, chiéu chim tau
va anh hudng cua hau ha bam,...

Dua trén kinh nghiém va cac sé liéu vé khai thac
thuc té trén tau cung voi nhitng phan tich khoa hoc,
bai bao di chi ra hudng nghién cau lya chon tée do
quay tdi uu ciia dong co lai chan vit trong thiét ké hé
dong luc tau thay, gidp cho céc ky su va chu tau trong
qué trinh thiét ké lya chon Iap dat may chinh.

Cung véi d6 bai bao di dua ra nhitng huéng dan
chon vong quay khai thac trong cac trudng hop rat cu
thé, rd rang va hitu ich vai nhitng vi du thuc té khai
thac trén tau, giap cho ngudi khai thac nim bit dugc
cac kién thirc co ban cliing cac ky ning can thiét dé sir
dung may hiéu qua va an toan trong qua trinh khai thac
hé dong luc diesel tau thay.
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