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Tom tat

Trong thei gian gan ddy Té chirc Hang hai Quac
té IMO dd ban hanh cdc qui dinh méi vé giam phat
thai khi CO; ciing nhw c6 cdc nghién ciru va séng
kién vé van tdi bién xanh ddn téi viéc né luc cdi
thién hiéu sudt cac hé thong ning hrong trén tau
dwoc wu tién cao. Bai bao tdp trung nghién cizu
viéc gidm sat nang lwong tiéu thy cua hé thong
may nén khi trén tau bién dé danh gia hiéu qua st
dung nang hrong cia may nén khi va chudn dodn
MGt $6 Sur Co thurong Xdy ra doi véi may nén khi
trén tau bién. Cong suat tiéu thy cua may nén khi
duge do lién tc theo thoi gian thuc va truyen diz
liu vé may tinh giam sat tgi trung tam bang cong
nghé loT. Ngoai ra &p sudat va nhiér dé cua khi nén
ciing dwoc giam sat. Cac két qua thu dwoc dioc
so sanh vdi cac thong so khi may nén hoat dong
binh thwong va canh bdo cho nguwoi khai thac khi
céc thong sé co bién doi bdt thwong do may nén
gdp Sw €6 nhie bi ro lot hogc nhiét dé lam mat khi
nén qua cao. Mé hinh du dodn dua vao tri tué
nhén tqo da duoc s dung nhu mét cdng cu danh
gid dé cai thién hiéu qua sir dung ndng heong cuia
may nén khi trong qua trinh hoat déng.

Tir khoa: Néing lirong, may nén khi, tau bién.
Abstract

The IMO International Maritime Organization
has recently issued new regulations on reducing
CO; emissions as well as research and initiatives
on green marine transportation leading to efforts
to improve efficiency of systems. Monitor energy
systems are given high priority. The article
focuses on monitoring the energy consumption of
air compressor systems on ships to evaluate the
energy efficiency of air compressors and diagnose
some common problems with air compressors on
a ship. The power consumption of the air cleaner

is continuously measured in real time and
transmitted data to the monitoring computer at the
center using loT technology. In addition, the
pressure and temperature of the compressed air
are also monitored. The results obtained are
compared with the parameters when the
compressor is running normally and alert the
operator when the parameters have abnormal
changes due to the compressor problem such as
leaks or the compressed air cooling temperature
is too high. The Al-based prediction model has
been used as an evaluation tool to improve the
energy efficiency of air compressors during
operation.

Keywords: Energy, air compressor, ship.

1. Mé& dau

Nam 2011, IMO da dua ra cac bién phéap ky thuat
va khai thac bit bugc déi véi tau bién dé nang cao hiéu
qua vé nang lugng nham giam luong khi thai CO, tir
hoat dong cua tau bién. Céc bién phép bat budc nay
(EEDI/ SEEMP) ¢6 hiéu luc tir ngay 01/01/2013 [1].
IMO ciing da dua ra cac huéng dan quan trong nham
hd tro thuc hién céc bién phéap bét budc dé ting hiéu
qua str dung nang luong va giam phét thai khi nha kinh,
tao tién dé cho cac quy dinh vé EEDI va SEEMP duoc
cac Co quan quan ly va nganh cong nghiép van tai
bién thuc hién subn sé. Sy ting truong du kién cua
thwong mai thé giéi tao ra mot thach thuc I6n d6i véi
viéc dap tng muc tiéu tuong lai vé lugng khi thai can
thiét dé dat duoc sy 6n dinh vé nhiét do toan cau va vi
vay, IMO d3 bt ddu xem xét cac bién phap k¥ thuat
va van hanh ti uu hon nira dé nang cao hiéu qua ning
lugng cua tau.

Nghién ctru trong bai bao dé cap dén viéc tbi vu
hoéa viéc sir dung niang lwong cua hé théng may nén
khi trén tau bién. DPay 1a mot trong nhitng hé thong
k¥ thuat tiéu thu nang lugng tuong d6i Ion trén tau.
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Hién tai, da s6 cac tau bién tai Viét Nam déu khong
c6 hé théng giam sat nang luong lién tuc, do vay dé
danh gid dugc tinh hiéu qua ciing nhu tinh trang lam
viéc cua may nén khi la viéc khé khan dbi voi nguoi
van hanh, vi thé viéc nghién ctru h¢ thong do va giam
sat lién tuc nang luong tiéu thy cia may nén khi theo
thoi gian thuc tir d6 du bao dugc tinh trang lam viéc
ctia may nén khi I viéc rat can thiét giup cho nguoi
khai thac c6 thé ngan ngira dugc cac hu hong c6 thé
Xay ra va co cac hién phap bao dudng, stra chira kip
thoi nham nang cao hiéu qua str dung niang lugng cua
may nén.

2. Thiét ké va ché tao hé théng giam sat ning
lwgng sir dung 10T

Telecontrol server with
application
"TELECONTROL
SERVER BASIC"

B Industrial Ethernet

$7-1200 with
Station CP 1242-7 Station

$7-200 with
MD720-3 Station

$§7-1200 with
CP 1242-7

Hinh 1. Sir dung IoT dé truyén dir liéu

Hé thdng giam sét va quan ly nang luong tmg dung
cong nghé ToT dugc thiét ké va ché tao tai Truong Dai
hoc Hang hai Viét Nam, hé théng bao gdm: khéi do
va phét dir liéu, khdi thu va phan tich di liéu, phan
mém giam sat va phan tich nang lugng tiéu thu cia hé
thdng khi nén ¢ céc ché do tai khac nhau. Trong do,
hai khéi do va phat, thu va phan tich dit liéu st dung
PLC S7-1200 két hop voi GPRS (General Packet
Radio Service) nhu Hinh 1 dé truyén dir liéu qua
Internet vé may chu. Bo dir liéu gdm cong sut tiéu
thu, 4p suat va nhiét do khi nén duogc thu thap tir cac
hé thdng k§ thuat s& dugc dong goi lai dudi dang cac
g6i tin va duoc truyén di qua mang internet véi tbc do
144 kbps. So db ludng dir liéu cho bo thu va phét dit
liéu dugc mo ta nhu Hinh 2. Bo phét dir liéu bét dau
bang viéc ciu hinh cho md-dun Al (Analog Input) dé
nhan dir liéu tir cac cam bién. Dién ap st dung c6 dai
do 0+10V do vay chling ta can cai dit dai do cho mé-
dun Al la 0+10V, sit dung 6 kénh vao AIO dén Al5
tuong (g cho 6 kénh vao cua cam bién. Sau khi da
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c4u hinh cho module A, chuwong trinh s& can phai ciu
hinh cho md- dun GPRS dé két ndi vao mang va két
ndi dén tram PLC nhan. Viéc cau hinh nay duoc thyc
hién trén phan mém TIA portal.

Sau khi d4 cau hinh xong, chuong trinh s& budc
vao mot vong lap vo han, trong d6 chuong trinh sé doc
c4c gia tri dién &p tai dau vao cua md-dun Al sau do
guri dit liéu dén mo- dun GPRS, mo-dun GPRS s& thuc
hién viéc dong géi dit liéu va giri dén tram nhan. Néu
qua trinh giri khong thanh cong, chuong trinh s& tién
hanh guri lai khdi dit liéu méi. Qua trinh do va thu thap,
cap nhat dit liéu s& duoc dién ra theo chu ky cach mi
5 giay.
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Hinh 2. So d@é luéng diz ligu ciia bg phét va thu

Bo thu dit liéu bit dau bang viéc cau hinh cho md
-dun GPRS dé két néi vao mang va két nbi dén tram
PLC phét. Viéc ciu hinh nay duoc thuc hién trén phan
mém TIA portal. Sau khi dd cdu hinh xong, chuong
trinh s& doi dir liéu duoc gui dén mo-dun GPRS. Khi
¢6 dir liéu dén, chuwong trinh s& thuc hién viéc giai ma
g6i dir liéu va tach Iy dir ligu tir cac cam bién da dugc
giri dén. Néu qué trinh nhan thanh cong, chuong trinh
s& tién hanh gui dit liéu do t6i may tinh qua cong
truyén thong PROFINET, sau d6 quay vé qua trinh doi
g6i dir ligu mgi. Néu c6 Iénh ding chuong trinh thi
chuong trinh s& két thuc, trong trudng hop nguoc lai
mot vong lap méi lai duoc bét dau.

3. Thuc nghiém do céc thong s6 cia may nén khi

Hé théng may nén khi tai trung tm nghién ctu
hé dong luc thuoc Khoa May tau bién, Trudng Dai hoc
Hang hai Viét Nam dugc sir dung trong thi nghiém dé
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do céc thdng sb 1am viéc cia may nén khi & cac ché
d6 1am viéc khéc nhau, bao gém cong suit tiéu thy, 4p
suit va nhiét do caa may nén khi. Thong sé k¥ thuat
cta may nén khi dugc cho nhu trong Bang 1.

Bdng 1. C4c théng sé ciia may nén khi

Tham sé Gia tri DPon vi
Nha san xuét Toshiba
Cong suat 1 kw
Luu lugng 3600 m3/h
Vong Quay 1450 viph

Hé théng may nén khi gom c6 hai méay nén khi.
Hai méy nén khi c6 hai ché @6 diéu khién Ia tu dong
va bang tay. Trong qué trinh thi ngiém may nén nap
khi vao chai gi6. Hé théng truyén dir liéu tng dung
cdng nghé ToT duoc st dung dé gui dir liéu 1am viéc
ctia may nén khi vé trung tdm giam sét theo thoi gian
thuc nhu trong Hinh 3.
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Hinh 3. So db do cdc théng sé 1am viéc ciia may nén khi

1

May nén khi dugc do ¢ ba ché do: 1. Lam viéc
binh thuong; 2. Bi ro lot khi nén; 3. Nhiét d6 nuédc lam
mat khi nén ting cao. Khi lam viéc & céc ché do, may
nén khi déu nén khi nén trong chai gié tir 0 bar dén 15
bar. Sb 1an do dugc thuc hién 5 1an & mdi ché do 1am
Viéc cua may nén.

Hé théng do va giam sat bao gdm céc sensor do
dong, &p suit va nhiét d6 cua khi nén, hé thong bién
d6i tin higu do (Hinh 4), bo xir ly tin hi¢u va giri dén
PLC sau d6 qua GPRS dé déng goi tin hidu. Dir liéu
dugc truyén qua intenet va giri toi bo nhan tai trung
tam giam sat. Trong Hinh 5 12 m6-dun gdm c6 céc cam
bién do lwong cac théng s6 1am viéc cua may nén khi
va chuyén tin hiéu do thanh tin hiéu 4p. Céc thanh
phan chinh ciia md-dun bao gom:

Hinh 4. H¢ théng giam sat may nén khi trong phong
thi nghiém caa trung tam nghién cizu hé dgng luc

0-10vV
0-10V/
0-10vV
0-10vV
0-10V
0-10V

ARM
STM32F103C6T8

Hinh 5. So' db céu tao hé théng do va chuyén déi tin higu

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

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

- PT100: Cam in do nhiét d¢ khi nén.

- CT (Current transformer): Bién dong, phuc vu do
cong suat nhém thiét bi tiéu thu niang luong dién.

- FM1, FM2: (Fuel metter) cam bién do luong
nhién liéu tiéu thu, dau ra cam bién 13 s6 tan sd.

- 1/V (Converter): Mach chuyén déi dong thanh ap
phuc vu do luong.

- R/U: Mach cuyén d6i gia tri dién tré cia cam
bién nhiét PT100 thanh dién &p.

- CU: Mach chuyén d6i gié tri dong dién tir bién
dong thanh dién &p mot chiéu dé phuc vy thuat toan
do dong.

- PU1, PU2: B9 bién d6i dau ra xung ctia cam bién
luu lugng thanh dién &p.

- ARM STM32F103C8T6: Bo vi diéu khién xtr ly
trung tdm cia module vao ra.

- DAC (Digital Analog Converter): Bo bién ddi
thanh tuong tw 0-10V duwa téi PLC (Programable
Logic Controller) thu.
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Trong Hinh 6, cng suat cia may nén khi duoc
tinh toan va hién thi trén man hinh giam st theo thoi
gian thyc. Thong sé duoc do 1a cudng do dong dién
cua nguon cap cho may nén khi. Cam bién do dong
AC 100A/100mA DLXQ20 dugc sir dung dé do dong
dién cua may nén khi.
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Hinh 6. Cong sudt tiéu thy ciia may nén khf theo thoi
gian thuc

Ngoai cdng suit, thdng sb ap suat va nhiét do cua
khi nén ciing dugce do va giam sat ¢ cac ché do lam
viéc cua may nén khi. Hinh 7 la man hinh giam séat
nhiét do tiéu thu cia may nén khi theo thoi gian thuc.
Céac cam bién do nhiét do theo nguyén ly dién tro
PT100 va do ap suét duoc sir dung dé do nhiét do va
&p suit khi nén & duong dng day cia may nén khi.
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Hinh 7. Nhiét d¢ khi nén theo thei gian thuc

4. Huan luyén mang ANN va két qua dw bao
4.1. Thu thdp va x Iy sé ligu thec nghigm

May nén khi dwoc chay & ba ché do: chay binh
thuong, ché do co do ro khi nho luu lugng nap con
3400m3/h, ché d6 c6 do6 ro khi 16n Tuu luong nap con
2800m?3/h. Céc thong s6 dau vao la cong suét tiéu thu
cia dong co, ap sudt khi nén va nhiét do khi nén.
Thong sé dau ra la trang thai lam viéc cia may nén
khi: binh thuong, ro khi nho, rd khi 16n va thiéu nude
lam mat. Sau khi thu thap dit liéu s& dugc chia thanh
hai bo dir liéu:

Bo dir liéu tha nhat gdm c6 200 sé liéu dau vao
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duoc nap vao cong cu ANN cua Matlab dé huan luyén
mang. Phan mém lai chia s6 dit liéu nay thanh ba
nhém: nhém 1 dung dé luyén mang c6 sé dir liu
chiém 70% tuong ng véi 187 dir lidu, cac dir liéu nay
duoc sir dung lién tuc trong qua trinh hoc va chinh stra
sai s6 cua mang. Nhom 2 chiém 15% dit liéu twong
ng véi 40 dir liéu dé kiém tra xem c6 bi qua khép
hay khéng. Nhoém 3 chiém 15% dir ligu twrong ng 40
dir liéu dé kiém tra lai mang trugc va sau khi hun
luyén mang.

Bo dit ligu thir hai gdbm c6 40 dit liéu duoc dung
dé kiém tra d¢ tin cay ciia mang sau khi dugc huan
luyén va du bao cac trang thai cia may nén khi ¢ cac
ché @6 1am viéc khac nhau.

4.2. Xay dwng mang tri tu¢ nhan tao

Mang tri tué¢ nhan tao dwoc xay dung dé du béo
tinh trang caa may nén khi, vi vay Iép dau vao la cac
s6 liéu vé thong sb 1am viéc caa may nén khi sau khi
thyuc nghiém thu thap duoc. Khi xay dung mang nhom
nghién cau chon mang tri tué nhén tao gE‘)m hai l6p an,
mdi 16p an ¢ 10 no-ron, thdng s6 dau vao gom ba
thong sé (cong sut, 4p suit va nhiét do khi nén),
thong s6 dau ra gom mot théng s (trang thai cua may
nén khi).

Hidden Layer Output Layer
Input I n Output
; b} ) :
10 1

Hinh 8. M6 hinh mang tri tué nhan tao

4.3. Hudn luyén mang tri tug¢ nhan teo

Mang dwoc huan luyén lap di 1ap lai cho dén khi
két qua va sai s6 dat duoc theo yéu cau. Qua trinh nay
chinh 14 qua trinh diéu chinh céc trong s lién két gitra
cac no ron thdng qua cac thuat toan duoc cai dat san
trong Matlab. Mang dugc kiém tra bang sai s6 toan
phuong trung binh va hé s6 twong quan R. Sai sb toan
phuong duoc tinh theo céng thuc sau [2]:

MSE = z:i=1(Zi_yi*) (1)

Trong d6: yi: Gid tri du bao;
y*i: Gia tri thuc;
n: sb lwong di liéu.
Mang sau khi huan luyén dugc xac thuc va kiém
tra chéo dé danh gia vé hiéu suat cua mang. Hinh 9
cho thay hiéu suit tét nhét cia qué trinh luyén mang
dat 0,097772 tai vong l3p 155.
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4 Neural Network Training Perfarmance (plotperform), Epoch 161, Validatin, ~ — ] x
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Best Validation Performance is 0.097772 at epoch 155
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Train
Validation
Test
Best

Mean Squared Error (mse)

o 20 40 60 80 100 120 140 160
161 Epochs

Hinh 9. Pé thj sai sé tean phwong MSE

4.4. Sir dung mang tri tug nhan tae dé du béo
Sau khi huin luyén, mang tri tué nhan tao duoc
ding dé du béo trang thai 1am viéc caa may nén khi.
Bo dir liéu thir hai dugc st dung dé kiém tra higu qua
du béo caa mang cho thay sai s6 MSE = 147,76.107 va
hé s6 hdi quy R = 0,946. Biéu d6 cho thdy mang tri tué
nhén tao co kha nang du bao chinh xac tinh trang lam
viéc cua méay nén khi khi cé du céc thong sé dau vao
gom cong suét tiéu thy, &p suat va nhiét do khi nén.

Training: R=0.94767

Validation: R=0,9426

Mang tri tué nhan tao c6 thé duoc sir dung dé du
bao trang thai ciia may nén khi dua vao cac thong sé
dau vao duoc gidm sét lién tuc theo thoi gian thuc. Két
gua dy béo cta mang c6 do chinh xac cao giup nguoi
khai thac biét duoc tinh trang 1am viéc caa may nén
khi va c6 bién phéap bao dudng hodc ngin ngira sy ¢d
mot cach kip thoi trong qua trinh khai thac.
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Nghién ciru nay dugc tai trg béi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6 DT20-21.18.
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Hinh 10. Két qud du b4o cria mang

5. Két luan

Két qua nghién ctru hé théng giam sét hoat dong
cuia may nén khi theo thai gian thuc cho thay:

Viéc tng dung cdng nghé ToT dé giam sét ning
lwong tiéu thu, &p suat, nhiét do cua hé théng méay nén
khi theo thoi gian thuc (cach 5s mot) cho phép nguoi
khai thac tau c6 thé theo ddi trang thai cua may nén
khi tir d6 1ap ké hoach bao dudng, sira chita va cai
thién higu suat bén viing ciia hé thong, gidp giam tiéu
thy dién nang, tiét kiém chi phi ning luong.
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