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TOM TAT: Trong qua trinh khai thac déng co diesel
frén tau bién, viéc do ap suat chay frong xy-lanh cla
déng co theo géc quay fruc khuyu dé hé tro cho
ngudi khai thac cé thé chan doan duoc tinh trang
ky thuat clia déng co 1a cong viéc rat can thiét trong
m&i hanh trinh cda tau. Bai bao gidi thiéu phuong
phdp Ung dung ky thuat hoc sau dé huan luyén
phan mém hoc cac su cd cla ddng co diesel théng
qua db thi 4p suat chay theo géc quay truc khuyu,
cac db thj duoc thu thap trén phdn mém COMLEX
duoc gid dinh cac théng sé dau vao cla déng co
khong binh thuong nhu thay ddi géc phun sém, ty
I& nhién lidu va oxy... dan tdi biéu hién dau ra duoc
tinh toan so vdi fruong hop déng co lam viéc binh
thuong. K&t qua chin doan véi méi truong hop su
c6 cu thé cho thay d6 chinh xac co6 thé dat t6i 73%
du bdo dugc cac su cd cla déng co diesel. N6 gitp
cho ngudi khai thac phat hién sdm cac sy cé cé
thé xdy ra va cé bién phap dé khic phuc hodc bao
dudng déng co kip thoi, nang cao hiéu qud khai
thac va kéo dai tudi tho clia déng co diesel.

TU KHOA: Dong co diesel, su ¢d, tri tué nhan tao.

ABSTRACT: During the operation of diesel engines
on ships, measuring the combustion pressure in
the engine's cylinder according to the crankshaft
rotation angle to assist the operator in diagnosing
the tfechnical condition of the engine is a task.
Very necessary in every ship's journey. The arficle
infroduces the method of applying deep learning
techniques to train software to learn about diesel
engine problems through graphs of combustion
pressure according to crankshaft rotation angle.
The graphs collected on COMLEX software are
simulated. Determining abnormal engine input
parameters such as changing the advance injection
angle, fuel and oxygen ratio, etc. leads to calculated
output performance compared to the case of
a normal engine working. Diagnostic results for
each specific incident case show that the accuracy
can reach up to 63% in predicting diesel engine
incidents. It helps miners detect possible problems
early and take measures to promptly fix or maintain
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the engine, improve mining efficiency and extend
the life of the diesel engine.

KEYWORDS: Diesel engine, machine learning,
troubles.

1.DAT VAN BE

Khi hoat déng, ddng co diesel c6 rat nhiéu théng sé dau
vao nhu chat lugng phun nhién liéu, luong nhién liéu, thai
diém bat dau phun, nhiét dé nudc lam mat, lugng khong
khi cap vao budng dét déu anh hudng tsi qua trinh chay
cla nhién liéu trong budng d6t clia déng ca diesel. Thong
s6 ap suat chay la mot thong s6 quan trong quyét dinh
céng suat va hiéu suat ctia dong co diesel, dién bién ctia ap
suat chay theo goc quay truc khuyu cé thé cho biét dugc
tinh trang ky thuat clla dong co dang lam viéc binh thudng
hay dang bi su c6, bang phuong phap so sanh dé thi tai cac
diém trén dé thi khi dong ca lam viéc binh thudng va su c6
c6 thé chan doan dugc déng ca dang bi su ¢é gi. Viéc chan
doan su cé trén d6 thi ap suét chay theo goc quay cua truc
khuyu doi hdi ngudi chan doan phai co6 kién thic sau vé
doéng co diesel va phai cé nhiéu kinh nghiém thuc t& mdi
€6 thé biét dugc chinh xac su cd cta dong co khi phat hién
diém bat thudng trén dé thi chay. Viec hoc may sau sé huan
luyén cho phan mém tat ca cac bat thuong trén do thi chay
clia déng co giup cho ngudi khai thac khong can phai cé
nhiéu kinh nghiém cling c6 thé biét dugc su c6 dang xay ra
dé c6 bién phap xt ly kip thai.

Da c6 nhiéu nha nghién cdu st dung phuang phap
hoc sau dé chan doén su ¢8 clia ddng co diesel tau bién [1,
2] nghién ctu phan loai trang thai cac déi tuong ky thuat
bdng mang no-ron nhan tao hay st dung thuat toan mang
no-ron nhan tao dé€ nhan dang va phan loai trang thai ky
thuat dong co diesel tau thay. Ngoai ra, mét s6 tac gia da
nghién ctru Ging dung mang no-ron nhan tao trong chan
doan hu hong dong ca diesel tau thiy dua trén phan tich
d6 thi cong [3]. Cac két qua nghién ctu trén da xay dung
dugc cdc méd hinh chdn doan cho ting su ¢6 cu thé cla
déng co khi biét dugc cac gia tri thong sé dau vao ctia déng
¢ nhu tai, vong quay, lugng nhién liéu hodac khi tang ap.
Trong nghién ctu cia nhom tac gia, mé hinh chdn doén
dugc xay dung dua vao théng s6 dau ra la do thi biéu dién
ap suat ctia qua trinh chay trong xi-lanh dong co theo goc



quay truc khuyu, mé hinh sau khi dugc huan luyén sé chan
dodn dugc cac su c6 bat thudng ctia ddng co trén hinh anh
d6 thi dugc gidm sat bdi mé hinh ma khéng can co céac
thong s6 dau vao la cac théng sé hoat dong hay ky thuat
clia dong co.

2. PHAN MEM COMLEX

Phan mém COMLEX nhu trong Hinh 2.1 dugc st dung
dé mo phdng qua trinh lam viéc va nguyén ly hoat déng ctia
déng co diesel 2 ky va 4 ky c6 thong s6 nhu Hinh 2.2 va Bang
2.1. Phan mém con co cac thuat toan dugc st dung dé phan
tich va danh gia cac ché dé lam viéc ctia dong co diesel.

The diesel 7 b

Hinh 2.1: Giao dién phdn mém COMLEX
Béng 2.1. Cc théng s6 ctia déng co diesel

Tham s6 Gid tri Don vi
Loai dong co I84TF
S6 ky 2
Céng suit dong co 2861 kW
Vong quay dong co 64,6 Vong/phut
Dudng kinh xi-lanh 0,84 m

Cac ché do lam viéc su ¢6 clia dong ca dugc xay dung
bdng cach thay ddi cac théng s6 dau vao nhu trong Hinh
2.3 bao gém: Thai gian phun nhién liéu, ap suat khi tang
ap, nhiét do khi nap, luu lugng nudc lam mat, nhiét do
nudc lam mat... cac thong sé dau ra: Phan mém xuéat ra do
thi bi€u dién ap suat trong budng dét theo géc quay truc
khuyu, cong suat, cac théng so trong khi xa clia dong co.

184TF |i00TF | F |

il
Engine Spec Engine Spec
engine type 1B4TF = engine type WIFF _—
cycle 2cycle Determination cycle 4cycle Determination
rated horsepower 2861 kw rated horsepower 735.5 kw
rated speed 64.6 rpm Return H rated speed 520 rpm Return

bore 0.84m bore 0.41m

Hinh 2.2: Théng sé cua déng co diesel

Hinh 2.3: Céc théng sé'lam viéc cé thé thay déi trén phan mém
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Hinh 2.4: D6 thi trién khai p suat chdy theo géc quay
cua truc khuyu

3.THU THAP VA TIEN XU LY DU LIEU

S8 liéu cta dong co dugc thay ddi & tiing ché do tai
clia dong co tir 50% dén 75% tai clia dong ca, cdbng suat
thay d&i 572 - 2431 (kW). S6 lugng dé thi & cac ché dé cua
déng co thu thap t6i 79 dé thi dé lam sé liéu hudn luyén
nhu trong Hinh 2.4.

Tap dir liéu dugc dua vao hudn luyén 1a 79 dit liéu & cac
ché& dé tai 50% va 75% tai clia déng cg, thay ddi cac thong
s6 dau vao nhu khitang dp, goc phun sém nhién liéu, lugng
nhién liéu phun, nhiét d6 lam mat xi-lanh, nhiét d6 nudc
lam mat piston va t6c d6 clia ddng co nhu trong Hinh 3.1.

Operating Condition Knowlege Base
Engine Type 184TF Load| 85 %
JacketCoolant | Piston Coolant | Eiglhe Sperd o
Engine Speed | Fuel Boost ek o [
Injection Volume 0 coleylistroke
Pressure Temperature Injection Timing 7| deg
(deree centigrade)}
e Boost Presure +0.01 | Mpa.gauge
£ Charge Air Temperature 0 | degrees centigrade
Jacket Coolant Flow Rate 0 miicylls
Jacket Coolant Temperature 0 degrees centigrade
\ Piston Coolant Flow Rate 0
Exh.Prs
0.188 [0.200 w Piston Coolant Temperature 0 degrees centigrade
]

Hinh 3.1: Théng s6' déu ra cda ddng co khi hoat déng binh thuong
Vva suc6d & 85% tai

D( liéu dugc dénh gid la hoat ddng binh thudng hay
su c6 dua vao cac thong s6 dau ra khi lam viéc & cing mét
ché do tai: Tai cia dong co, ap suat chay cuc dai, nhiét do khi
xa, ndbng dé oxy trong khi xa va nhiét d6 ctia so-mi xy-lanh
nhu trong Hinh 4.1. Ngoai ra, thédng s6 quan trong nhat la
ap sudt chay trong xi-lanh dugc biéu dién dusi dang do thi
theo goc quay cuia truc khuyu. D6 thi duge dua vao tap anh
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lam d liéu d€ hudn luyén cho phan mém chdn doan. Cac
d{ liéu dugc luu dudi dang anh cé dudi jpg nhu trong Hinh
2.3 bao gém cac trudng hop: Thay déi ap sudt khi tang ap,
lugng nhién liéu phun, thai gian phun nhién liéu, t6c do
clia déng co, nhiét do lam mat so-mi xy-lanh, nhiét do lam
mat cla piston. Cac dir liéu dugc phan lam hai loai cho
trudng hgp lam viéc binh thudng - cac thong s6 dau ra cla
déng co nam trong pham vi c6 phép hién thi mau xanh,
cac chi s6 dao dong quanh gia tri “0”, trudng hop lam viéc
su c6 - cac théng sé dau ra clia ddng co vugt qua pham vi
c6 phép hién thi mau dé, cac chi s 1éch nhiéu so véi gia tri
“0"nhu trong Hinh 3.1.

4. XAY DUNG MO HINH CHAN POAN VA
THUC NGHIEM

4.1. Xay dung mé hinh chan doan

Mang no-ron tich chap cé I16p dau vao, I6p dau ra,
nhiéu I6p an va hang triéu tham s6 c6 kha ning tim hiéu
cac déi tugng va mau phuc tap. N6 lay mau phu dau vao da
cho bang cac qua trinh tich chap va gop va tuan theo chic
nang kich hoat, trong d6 tat ca cac I16p nay la cac I6p an
dugc két n6i mét phan va cudi cling la 16p dugc két néi day
da dan dén I6p dau ra. Dau ra van gitt nguyén hinh dang
ban dau tuong tu nhu kich thuéc hinh anh dau vao nhu
trong Hinh 4.2, 4.3.

D& phét hién c6 su ¢6 ctia dong co diesel kip thdi phat
hién va chinh stia, & ddy nhém nghién ctu st dung mang
nao-ron hoc sau CNN (Convolutional Neural Network) [4, 5]
dua trén két qua la ap sudt qua trinh chay theo géc quay
cla truc khuyu va luu duéi dang anh dinh dang JPEG vdi
kich thudc anh réng x cao: (128x128)mm. Tich chap la qua
trinh lién quan dén su két hop clia hai ham dé tao ra ham
kia. Trong CNN, hinh anh dau vao phai chiu su tich chap khi
st dung cac bo loc tao ra Ban do tinh nang.

Ratio to the expected value Ratio to the expected value

Power Pmax ExhGas 02 Liner. Power Pmax ExhGas 02 Liner.
Temp temp Temp temp
00— 20— 20 20 20— 20 20 09— 209— 20
18 18 18 18 183 18 18 18 184 18
16 16 16 16 163 16 16 16 164 16
14 14 4 14 143 14 1 14 14588 14
12 12 12 12 123 12 12 12 129 12
10 10 10 10 103 10 10 10 10== 10
8 8 8 8 8] 8 8 8] 8] 8
6 6 6 6 6 6 6 6 6 6
4 4 4 4 4 4 4 4 4 4
24 24 2 2 2 2 2 24 2 2
0=— 0=— 0 0 = 0= 0 0 0 0
2] -2 -2 -2 -2 -2 2 2] 20 -2
4 -4 -4 -4 -4 -4 4 4 44 4
6 -6 i i -6 5 6 6 64 6
8 -8 -8 -8 -8 -8 8 8] 84 8
10 104 10 -10 -103 -10 10 103y 104 -10
12 124 12 -12 123 12 12 124~ -2 -2
143 144 14 -14 145 -14 -14 44 14 -4
163 <164 16 -16 163 -16 -16 64 164 -16
-183 -84 -8 -18 -18 -18 -18 184 -84 -8
207 202 20 -20 -20- -20 -20 202 209 -20
1] 00 0 o o 03 07 -108 106 5.4
% % % % % % % % % %

Dong co hoat dong binh thuong & 85% tai Dong co bi su cb & 85% tai

Hinh 4.1: Théng sé dau ra cda déng co khi hoat déng binh thudong
Vva sucd 6 85% tai
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Hinh 4.2: M6 hinh CNN dé chan doén su ¢6'ddng co diesel [4]
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Hinh 4.3: D6 thj sai s6 toan phuong MSE [4]

INPUT - Hinh &nh dién hinh trong d liéu CIFAR 10 sé&
chda hinh anh kich thudc (128x128)mm, trong dé dé sau
biéu thi s6 kénh (RGB) trong hinh anh.

CONV LAYER - Chiu trach nhiém tinh toan két qua dau
cham gilra trong s6 clia no-ron va ving cda hinh anh dau
vao co chung két néi.

LSp thi ba bao gom RELU danh cho viéc ap dung chiic
nang cham két qua cla ching ta. Kich thudc clia két qua
nay khong thay déi.

=(1xage_Widtn, Inage_Height,

Hinh 4.4: C3u hinh mé hinh bang ngén ngi¥ python

Huan luyén mé hinh chuan doén

| hudn luygn dat duge

Vong lip Epoch

Hinh 4.5: Qua trinh huén luyén mé hinh

§ Chusn dosn su c8 dong co diesel o x

Trouble

Hinh 4.6: Déng co hoat déng su cé & 85% tai

¢ chin el - o x

Normal

Upload

Hinh 4.7: Béng co hoat déng binh thuong
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Lép POOL thur tu sé 1dy mau giam kich thudc khong
gian ctia hinh anh, tic la chiéu rong va chiéu cao. Lép quan
trong nhat trong kién tric ctia CNN la Lép Convolutions.
Thanh phan thiét yéu ctia I6p CONV bao gom mét bo loc co
thé hoc dugc. Khi chuyén tiép dién ra, ching ta thuc hién
trugt trén ting bé loc theo chiéu réng cling nhu chiéu sau
cla khéi lugng dau vao va cubi cuing ching ta tinh toan gia
tri chdm. San phdm cham nay cudi cung sé dan dén mot
map kich hoat 2 chiéu, cung cap cho ching ta phan héi cta
bo loc & moi vi tri khéng gian.

Théng s6 cia mé hinh nhu sau:

- S6 no-ron dau vao la 128x128x3

- S6 16p nhan chap (Convolution): 3 16p

- Ham kich hoat la ham ReLU

- St dung ba ham téng hgp MaxPooling

- Kich thudc bo (Batch size) la 20

- Chu ky huén luyén (epoch): 100

Cu thé, s6 na-ron clia méi I6p trong mé hinh CNN dugc
cai dat trén ngén ngl Python 3.8 nhu Hinh 4.4. Cac hoat
déng trong tang CNN nay bao gom: Convolution (Conv) +
Batch Normalization (BN) + Rectified Linear Unit (ReLU) +
Max Pooling (MaxPool) véi kich thudc ctia s6 truct la 2x2,
budc nhay bang 2 + Drop out (Dropout) véi ty |é drop la
0,25. & phén sau cia md hinh, ching ti s&t dung mang
Fully Connected (FC) véi ty |1é dropout la 0,25.

Dé& danh gia do tin cdy ctia mé hinh (ng dung, can
thu thap dir liéu huan luyén va kiém thi cho mé hinh.
S6 lugng anh thu thap hai loai: Loai 1 la anh d6 thi &
trang thai hoat déng binh thudng va loai 2 1a anh d6 thi
& trang thai cé su c6 & cac muic d6 khac nhau. S6 luong
anh thu thap cho loai 1 (binh thuéng) gém 30 anh va
s6 anh thu thap cho loai 2 (su ¢8) gém 49 anh vai cac
nhan dugc gan Boost-50N, Boost-50S, Boost-70N, Boost-
70S, EFL timing-50N, EFL timing-50S, EFL volume-50N,
EFL volume-50S, Jacket coolant-50N, Jacket coolant-50S,
Jacket coolant-75N, Jacket coolant-75S, Piston coolant
-50N, Piston coolant -75N, Fuel-50N, Fuel- 50S, Fuel-75N,
Fuel-75S, Speed-50N, Speed-50S, Speed-75N, Speed-75S
dé hudn luyén. Tap anh nay sé si dung 80% dé huan
luyén mé hinh, con lai 20% dé kiém th danh gia doé tin
cay cia mé hinh.

M6 hinh dugc huan luyén trong phan mém Pycharm st
dung ngén ngit Python, qua 100 lan vong ldp Epoch. Qua
trinh hudn luyén mé hinh la qua trinh huan luyén c6 giam
sat. VGi bo dit liéu 1a 79 anh cho thay khi huan luyén dé
chinh xac ctia mé hinh tang dan tir 45 t&i 73%. Trong Hinh
4.5 cho thay d6 sai s6 ctia mé hinh tang lam cho d6 chinh
xac giam. Do chinh xac cia mé hinh chi dat dugc cao nhat
la 73% do tap dit liéu con it chua du d& phan mém co thé
huan luyén tang dugc dé chinh xac cao hon.

4.2. Thuc nghiém mé hinh

M6 hinh sau khi dugc huan luyén dugc thi lai véi tap
diliéu test véi 15 dit liéu & cac ché @6 lam viéc binh thudng
va su ¢6 khac nhau clia ddng ca. M6 hinh chan doan dugc
chinh xac cac dir liéu trong tap dirliéu kiém tra véi dé chinh

xac 73% & hai ché dé binh thudng va su c6 ctia ddng co nhu
trong Hinh 4.6 va Hinh 4.7.

5.KET LUAN

K&t qua xay dung mé hinh chan doan su ¢ dong co
diesel 2 ky cho thay:

Phan mém duoc st dung dé thu thap dit liéu la phan
mém COMLEX, phan mém c6 thé tinh toan va phan tich cac
ché d6 hoat ddng khac nhau clia dong co diesel.

Cac dir lieu dugc dua vao huan luyén & cac ché do
lam viéc binh thudng va su ¢d khac nhau khi thay déi 4p
suat khi nap, toc d6 dong co, lugng nhién liéu, thai gian
cung cap nhién liéu, nhiét d6 lam mat xi-lanh. D liéu
dugc luu dang hinh dnh dé dugc dua vao huan luyén, sé
lugng anh dugc st dung dé huan luyén la 79 anh & cac
ché d6 khac nhau.

Qué trinh Ung dung may hoc dé huan luyén cho mé
hinh chdn doan dugc thuc hién qua 100 vong lap, d6 chinh
xac dat dugc la 73%. M6 hinh dat dugc d6 chinh xac khéng
cao do tap di liéu dugc thu thap chua dugc nhiéu nén qua
trinh hoc con it va khéng sau. Nhém nghién cuu tiép tuc
thu thap di liéu dé€ hudn luyén mang dé mé hinh c6 thé
chan doan dat dugc dé chinh xac cao han.

LGi cdm on: Nghién ctu nay dugc tai trg bai Trudng
Dai hoc Hang hai Viét Nam trong Dé tai ma s6 DT23-24.23.
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