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Tom tit

Viéc do nhién liéu tiéu thy trén tau theo thoi gian
thuec rat quan trong vi né gidp cho céc cong ty tau
bién c6 thé gidm sdt dwoc lwong nhién ligu tiéu
thu cua tung tau theo thoi gian thuc. Tur cic dir
lieu vé nhién ligu thu thdp duoc, cong ty tau bién
¢0 thé danh gid dwoc hiéu qud i dung néing hrong
cua tau bién trong qué trinh khai thac. Nhém
nghién ciu da thiét ké va ché tao ra mét hé thong
giam sat tiéu thy nhién ligu cia dong co diesel tau
bién theo thoi gian thuc. Hé thong nay dwoc sir
dung cong nghé IoT dé truyén dir liéu lién tuc tir
tau vé trung tam diéu khién. Pong co diesel trén
tau bién duoc thir nghiém ¢ cac ché do tai khéac
nhau tir 20-80% tai. Két qud thi nghiém cho thay
luong nhién ligu duwoc do chinh xdc va dwoc
truyén lién tuc vé trung tam giam sat theo thoi
gian thyrc. Dira vao céc so lidu vé nhién liéu diroc
thu thdp lién tuc sé gilp cac cong ty tau bién cé
thé danh gia dwoc hiéu qua su dung nang lwong
va phét hién dieoc nhitng thay doi bdt thuong cia
déng co tir @6 c6 bién phap khdac phuc va sira chira
kip thoi d@é ngan ngira degc nhing siw o ¢6 thé
Xay ra.

Tir khoa: Nhién ligu, dong co diesel, tau bién.
Abstract

Measuring fuel consumption on board ship in real
time is important because it helps shipping
companies to monitor the fuel consumption of
each ship. From the collected data, the shipping
company can evaluate the energy efficiency of the
ship in the operation. The research team has
designed and built a monitoring system to monitor
fuel consumption in the real time. This system is
used loT technology to transmit data continuously
from the ship to the control center. A marine diesel
engine was tested at various loads from 20-80%.
Experiment results show that the amount of fuel
was accurately measured and continuously

transmitted to the monitoring center in real time.
Based on continuously collected data, it will help
shipping companies to evaluate the energy
efficiency and detect any abnormal condition of
the engine from which to take remedial measures.
and timely repair to prevent possible troubles.

Keywords: Fuel oil, diesel engine, ship.

1. Mé dau

Trong nhirg nam gan day T4 chirc Hang hai qudc
té IMO da c6 cac qui dinh vé st dung nang lugng hiéu
qua trén tau bién. Mot trong cac 1y do dua ra cac qui
dinh nay 1a han ché nguon 6 nhidm khong khi tir tau
bién. Hé théng quan ly vé sir dung nang luong hiéu qua
trén tau SEEMP dugc 4p dung tir nam 2017 [1]. Cong
cu cia SEEMP duoc sir dung dé tinh toan ning luong,
cu thé 1a tinh chi sb EEOI trén tau trong qué trinh khai
thac tau, trong cong thuc tinh chi sb lugng nhién liéu
duogc tinh toan va chuyén ra thanh luong CO; trén
quang duong va luong hang héa chuyén ché cua tau,
véi muc dich danh gia dugc hiéu qua nang luong va
mirc d6 6 nhiém cua tau trong qué trinh khai thac. Hién
nay da c6 nhiéu nghién ctru vé hé thong do va giam sat
nhién liéu trén tau bién theo thoi gian thuc nhu hé théng
gidm sat cac thong s6 cua tau cua hang NAPA [2] la
mot hé théng thong minh dé giam sat cac dir liéu khai
th&c va hiéu qua hoat dong cua tau. Dt liéu dugc thu
thap tir nhiéu thiét bi do khac nhau, nhu tir cac dong hd
do Iuu lwong nhién liéu, ddng hd do moé-men xoan/lyc
day, hé thong tu dong, hé thdng hang hai hozc dich vu
du bao thoi tiét. Trén tau nghién ctu Simrad Echo [3]
cua Na Uy do Kongsberg so hitu va van hanh, no da
duoc trang bi hé théng Internet of Things (IoT). Pay la
mot trong nhiing tau hoat dong dau tién sir dung giai
phap 10T trong nganh hang hai dé truyen dit ligu tir xa,
hé théng nay duoc st dung dé cai thién hoat dong cua
tau thdng qua viéc giam sat va phan tich di liéu theo
thoi gian thuc. Cong ty KVH va Kongsberg Digital da
Iip dat ang ten KVAT Watch VSAT trén tau dé két ndi
10T, cung cip co sé ha tang tich hop két ndi loT va di
liéu trén tau. Simrad Echo hién tai vin dang tiép tuc
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hoat dong binh thuong nam trong dy an thi diém IoT
trong nganh hang hai. Trong d6 con tau s& sir dung
Kognifai Vessel Insight dé giam sat céc h¢ thong chinh
va phu trén tau, giap dam bao hiéu qua khai thac tau.
Kongsberg Mapping Cloud s& chuyén dir liéu c6 do
phan giai cao tir tau toi b theo thoi gian thue dé cac
chuyén gia trén bd ¢6 thé phan tich dir lidu va téi wu
hoa hoat dong cua tau. Hé thdng quan 1y ning luong
Mega-Guard (EMS) cua Praxis Automation
Technology [4] gidng nhu mot bd ndo quan 1y toan bo
hé thong dong luc ciia Mega-Guard. EMS cho phép lya
chon nguon ning lugng dién tu dong cho ca hai truong
hop sir dung dién toan b, hoat dong ndi tiép véi dong
co diesel va hoat dong song song. Hé thong EMS diéu
khién cong suat tbi da cAp ti dong co dién lai chan vit,
no ciing bao vé b luu trir nang lugng dién va may phét
dién mot chiéu khong bi qua tai. Ngoai ra, Mega-Guard
EMS con kiém soat ning lugng dién duoc sac cua b
luu trlr ndng lugng dién sir dung may phat dién mot
chiéu hoic bang dién cap tir by. Mega-Guard EMS két
ndi thong véi cac hé théng khac théng qua mang
Ethernet. Do vay viéc nghién ciu hé thdng gidm sét
nhién liéu tir xa tng dung 10T 1a van dé cap thiét hién
nay, cac cong ty tau bién co thé giam sat dugc nhién
liéu tiéu thu mét cach lién tuc va cé nhiing bién phéap
ky thuat kip thoi dé nang cao hiéu qua sir dung nang
luong cua tau bién.

2. Hé thong do va giam sat nhién liéu
2.1. Lwa chon doi twong thi nghiém do nhién liéu

DPong co diesel 1ap trong phong thi nghiém cua
Khoa May tau bién duoc lra chon dé do va giam sat
nhién liéu tir xa. Pong co c6 cac thong sé ky thuat nhu
trong Bang 1. Dong co mot dau lai chan vit bién budc
thong qua ly hop, mot dau lai phanh thay luc. Phanh
thity luc duoc sir dung dé diéu chinh tai cua dong co
chay & céc ché do tai khac nhau, tai ting theo bac va
6n dinh. Pong co str dung ca dau ning HFO va dau
nhe DO.

Hinh 1. Pdng co diesel 6NNVD26-2A
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Bdng 1. Cac thong sé ciia dong co diesel

Tham s6 Gia tri Pon vi
Loai dong co 6NVD26-2A
Cong sut 300 HP
S6 xy lanh 6
Vong quay 750 v/ph

2.2. Xay dwng hé thong truyén diz ligu ring dung
cdng nghé loT

Hé thdng truyén dix liéu ang dung céng nghé loT
bao gém: khéi do va phat di lidu, khéi thu va phan
tich dir liéu, phan mém giam sat va phan tich lugng
nhién liéu tiéu thy ciia dong co diesel & cac ché do tai
khéc nhau.

Remote Server
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Sender Receiver

Monitoring PC
PROFINET

Station 1 Station 2
57-1200 with §7-1200 with
CP1242:7V2 CP 12427 V2

Hinh 2. Cdu tric hé théng ga#i, nhén si dung GPRS

Hé thdng bao gdom maot tram phét, mét tram thu,
mot may chu trung gian (Remote Server) dé truyén
nhan di liéu va mot may tinh gidm sat (monitoring
PC) cai dat phan mém giam séat va quan ly hé thng.

Tram phat va tram thu sir dung hai PLC dong S7-
1200 Ia CPU 1214 va 2 module GPRS CP 1247-7. Hai
module CP 1247-7 dugc két ndi vao mang sir dung
giao thirc GPRS va két ndi téi hé théng mang Internet.
Mot may chu trung gian vai dia chi IP (Internet
Protocol) tinh ciing dugc thiét 1ap voi cc Port mo san
dé sin sang nhan cac truy van cua cac tram S7-1200.

Khi tram phat mubn guri dit liéu dén tram thu, tram
phét s& thuc hién viéc truy van dén Remote Server.
Sau khi dwoc chap nhan, tram phét s& guri goi dir liu
Ién Remote Server. Vi tram thu, dinh ky sau mot
khoang thoi gian thi tram thu s& gui dén Remote
Server mot truy van dé hoi co dir liéu mai hay khong.
Néu c6 thi yéu cdu Remote Server gui dit liéu dén
tram thu.

Sau khi nhan duoc dir liéu mai, tram thu s€ gui dir
lieu qua cong PROFINET t6i may tinh giam sat. Trén
may tinh gidm sat mot phan mém duogc cai dat sin s&
xir ly dit liéu nhan dwoc dé dua 1én giao dién va thuc
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hién cac thuan toan quan ly toan dién toan bo hé théng.

Cac thanh phan chinh caa module bao gom:

- PS1 (Pressure sensor): Cam bién ap suat khi nén,
dau ra 4-20mA.

- PS2 (Pressure sensor): Cam bién ap suat khi nén,
dau ra 4-20mA.

- PT100: Cam bién do nhiét d khi nén.

- CT (current transformer): Bién dong, phuc vu do
cong suit nhém thiét bi tidu thu ning lwong dién.

- FM1, FM2: Cam bién do lwong nhién liéu tiéu
thu, dau ra cam bién 1 sb tan sd.

- 1/V converter: Mach chuyén ddi dong thanh ap
phuc vu do luong.

- R/U: Mach chuyén d6i gia tri dién tré cua cam
bién nhiét PT100 thanh dién ép.

- CU: Mach chuyén ddi gia tri dong dién tir bién
dong thanh dién &p mot chiéu dé phuc vu thuat toan
do dong.

- PU1, PU2: B6 bién déi dau ra xung ctia cam bién
luu lwgng thanh dién &p.

- ARM STM32F103C8T6: B vi diéu khién xir ly
trung tdm caa module vao ra.

- DAC (Digital Analog Converter): Bo bién déi
thanh tuong tuy 0-10V dua t6i PLC (Programable
Logic Controller) thu.
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Hinh 3. So' dé khéi module ddu vaolra

Nguyén ly hoat dong cta mach vao/ra:

Mach c6 vai tro bién ddi cac gia tri dau ra khac
nhau cia c4c cam bién thanh cac dién &p ti 1& (0 d&én
10V) dé dua dén bo PLC cua dau phat. Bé thuc hién
dugc chire nang d6 thi module sir dung cac mach bién
d6i cac gia tri dong, xung ra tir cac cam bién thanh
dién a4p mot chidu 0-3,3V rdi dua t&i vi didu khién
ARM STM32F103C8T6. Vi diéu khién s& xu ly cac
gi4 tri nhan dwoc rdi tinh toan ra lwong gia tri vat ly
(nhiét do, &p suat, dong dién) tai dau vao cia cam bién
rdi guri t6i PLC thu. Giita vi diéu khién va PLC khéng
¢ chung mét giao thirc két ndi do vay phai sir dung
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céc dau vao tuong tu cia PLC dé nhan dir ligu cua vi
diéu khién gui dén. Bo vi diéu khién s& phai chuyén
d6i cac bién do gia tri vat 1y thanh dién ap 0 dén 10V
nhd mét bo DAC. Phuong an nay giup cho qua trinh
xur 1y trén PLC dugc don gian hon va tan dyng dugc
céc dau vao twong tu cia PLC.
2.3. Xay dung hé thong do va gidm sdt nhién ligu
Hé thong thi nghiém duoc xay dung nhu trong
Hinh 4. Nhién liéu tiéu thu cua dong co diesel
6NVD26-2A dugc do bang cac luu luong ké dat ¢
duong cap va duong nhién liéu hoi vé cua dong co.
Luu lugng ké truyén tin hiéu do vé& may tinh va giam
sat luu lugng cua may theo thai gian thuc. Qua trinh
thir nghiém duoc thuc hién & cac ché do tai cua dong
co khéc nhau tir 0-80% tai. Tai dugc tang theo bac va
trong khoang thoi gian 15 phat dé may chay 6n dinh
& mot ché do tai va dé cac phép doc cua dung cu do
dugc chinh xac va 6n dinh. Tai duoc do bang phanh
thiy luc, tai nay duoc duy tri & mdi ché d¢ do va trong
mot thoi gian nhét dinh.

Két DO Két FO

Diesel engine 6NVD26

]
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Cam bign luu luong

Hinh 4. So d@é luéng diz ligu ciia bg phét va thu

Bdng 2. Cac thong sé cia luu lwong ké

Tham sb Gia tri Pon vi
Cam bién Coriolis
Dai do 0-700 kg/h
Ap lyc cho phép 0-3 atm
Nhiét do hoat dong 0-300 °C

Cam bién duoc lap trén dwong nhién liéu cap tir
két truc nhat tgi dong co diesel 1a loai cam bién do
theo nguyén Iy Corilois ¢6 théng s6 nhu Bang 2, luu
lugng nhién liéu dugc do dugc tinh toan ra thanh luu
legng khéi lugng.

Hé thdng do va giam sat bao gdm céc sensor do.
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3. Két qua va thao luan voi 580s. Lugng nhién li¢u tiéu thu trung binh la
39kG/h. Do déng co chay & ché d6 tai 6n dinh & ché
d6 vong quay 1a 600v/ph nén lugng nhién liéu tiéu thu
gan nhu khong ddi qua thoi gian do.
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Hinh 5. So' do do cic théng s6 1am viéc ciia may nén khi

Hinh 8. Lwgng nhién ligu ¢ 70% tdi theo théi gian

Hé théng do va thu thap lugng nhién lidu qua
phan mém giam sat, lwong nhién liéu dwoc do & cac
ché d6 tai khac nhau tir 20-80% tai ciia dong co diesel.
Mai lan do duoc thyc hién 10 phut.
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ThoA gian do theo thoi gian thuc. Gai dir lidu dwoc giri vé trung
tam 5s/lan tong s6 116 lan gui dir liéu vé tuong tng
véi 580s. Luong nhién liéu tiéu thu trung binh 1a 33
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Hinh 6. Lwgng nhién ligu ¢ 80% tai theo thei gian

Hinh 7. Lugng nhién ligu ¢ 80% tdi theo thai gian thuc

Dong co chay & 80% tai twong ng véi cong suat
cua dong co 1a 240kW, luu lugng cua dong co dugc
do theo thoi gian thyc. Goi dir liéu dwoc giri vé trung
tam 5s/lan téng s6 116 lan gui dir liéu vé tuong tng
véi 580s. Luong nhién liéu tiéu thu trung binh la 45
kG/h. Do dong co chay & ché do tai 6n dinh & ché do
vong quay la 600 v/ph nén lwgng nhién lidu tiéu thu Hinh 10. Lwgng nhién ligu ¢ 60% tai theo théi gian thuc
gan nhu khong doi qua thoi gian do. )

Dong co chay & 70% tai trong tng véi cong suat D(f)r?g co dugC duy tri chay on dinh 6 80% tai twong
ciia dong co 1a 210kW, luu lugng cua dong co dugc ung vai cong suat phét ra ctia dong co 1%1 240kW, thoi
do theo thai gian thuc. Goi dit ligu dugc giri vé trung  gian do dugc thuc hign trong 10 phit bang luu lugng
tam 5s/13n tong s6 116 1an giri dit lidu vé twong éng K& POng co chay bang nhién licu nhe véi ty trong
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0,860kG/m®. Nhiét do dau vao dugc duy tri & 40°C.
Luu luong thé tich duoc tinh ra luu lugng khéi lugng
la kG/h. Lugng nhién liéu tiéu thu 43,8kG/hrs. Trong
10 phuat déng co tiéu thu 7,3kG/hrs.

4. Két luan

Két qua nghién ciru hé thong do va giam sat luong
nhién liéu tiéu thy ctia dong co diesel theo thoi gian
thuc cho thay:

Viéc ung dung cong nghé ToT dé giam sat lugng
nhién liéu cua dong co diesel theo thoi gian thuc (cach
5s truyén vé mot lan) cho phép ngudi khai thac tau c6
thé theo ddi trang thai cua dong co & cac ché do tai
khéc nhau tir d6 1ap ké hoach bao dudng, sira chira va
cai thién hiéu suat cua dong co, gitip giam tiéu thu
nhién liéu, tiét kiém chi phi nang luong.
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