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Tom tat

Hé thong bdo déng va bao vé dp sudt dau béi tron
cho dong co diesel tau thuy c6 vai tro quan trong
trong viéc dam bdo dong co hoat déng an toan va
tin cdy. Vi vy, viéc thiéu hiéu biét ciia ngueoi khai
théc vé hé thong nay sé dan dén nhing thiét hai
vé kinh té va nhitng sw cé nghiém trong trong qud
trinh khai thac déng co. Nham ndng cao sw hiéu
biét va hiéu qua trong ddo tao thuyén vién, trong
bai bdo dai s6 Boolean va phan mém mé phong
Automation studio 5.0 da dwoc su dung dé thiét ké
va mé phéng hé thong nay cho déng co diesel
Daihatsu 8GK-20 tai Trung tdm Thuc hanh thi
nghiém May tau, Khoa May tau bién, Trwong Pai
hoc Hang hdi Viér Nam. Két qua cho thdy, hé
théng dd mé phong dwoc day di cdc chire ndng
cia mot hé théng thuc 1é mot cach truc quan va
sinh ddng. Bén canh dé, hé thong mé phong ciing
cho phép nguoi su dung thyc hién duoc cdc thao
tac dé kiém tra cdc chirc ndng ciia hé thong.

Tir khéa: Ap suat dau béi tron, hé thong bio
dong va bao vé, diesel Daihatsu 8§GK-20, dai so
Boolean.

Abstract

The lubrication oil pressure safety and alarm
system of marine diesel engines plays an
important role in ensuring safe and reliable
engine operation. Therefore, the operator's lack of
understanding of this system will lead to economic
losses and serious troubles in the engine
operation. In order to improve crew training
efficiency and understanding, in this article,
Boolean algebra and simulation software
Automation studio 5.0 were used to design and
simulate this system for Daihatsu 8GK-20 diesel
engine at Center Experimental Practice - Faculty
of Marine Machinery, Vietnam Maritime

University. The results show that the simulation
system has fully simulated all functions of the real
system visually and vividly. In addition, the
simulation system also allows the user to perform
operations to test the system's functions.

Keywords: Lubrication oil pressure, alarm and

safety systems, Daihatsu 8GK-20 diesel, Boolean
algebra.

1. Pat van dé

Heé thong dau boi tron 1a mot trong nhing hé thong
quan trong dé dam bao sy lam viéc an toan va tin cay
ctia dong co ddt trong. Sy ¢b lién quan dén diu boi
tron va hé thong dau bbi tron 1a mot trong nhiing sy
c¢b nguy hiém nhat gdy ra sy pha huy dong co. Tir nim
2010 dén 2014, mot nhém nghién ctru ngudi Thuy
Dién chi ra nhitng sy ¢6 lién quan dén dau boi tron va
hé thong dau bdi tron da gay thiét hai khoang 1,9 trigu
USD. Tuy nhién, trong giai doan tir 2015 - 2017, con
s6 thiét hai nay 1a khoang 1,7 triéu USD [1].

Mot trong nhirng nhiém vu quan trong cuta hé
thdng boi tron cho dong co dbt trong 14 tao diéu kién
t6i wu cho sy hinh thanh mang dau ¢ tat ca cac cap bé
mit ma sat, ching han nhu nhém piston-xylanh, 6 d&
bac bién va bac truc chinh,... [2]. Mang dau duoc tao
nén giita cac bé mat ma sat dé giam thiéu mai mon cho
céc cap chi tiét chuyén dong. Tuy nhién, sy hinh thanh
mang dau phu thuéc vao nhiéu yéu t5. Mot trong
nhiing yéu té quan trong 1a gia tri p suit dau trong hé
thong boi tron [3]. Chinh vi vdy, dé tranh nhiing hu
hong va su ¢ trong qua trinh khai thac dong co diesel
tau thity lién quan dén ap suat dau boi tron, quy pham
dong tau vo thép cua cac td chire Dang kiém déu quy
dinh phai trang bi hé thong bao dong va bao vé ap suit
dau bdi tron cho ddng co [4].

Tuy nhién, qua cong tc phong vén, dao tao va
huén luyén thyc té cho thiy, cac s quan may tau bién
Viét Nam con nhiéu han ché vé ky nang ciing nhu kién
thirc chuyén mdn thuc té. Khé nhiéu cac si quan may
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con bd ngd chwa hiéu hét vai trd va chirc ning cia hé
thdng bao dong va bao vé dong co noi chung va hé
thdng bao dong va bao vé ap sudt dau boi tron dong
co ndi riéng, dan téi khi dam nhan céac chirc danh trén
tau da bi co quan chinh quyén cang (Port State
Control - PSC) kiém tra bat 16i. Hon thé, nhiéu si quan
chwa biét quy trinh thir &é kiém tra cac chiic nang cta
hé théng dan dén céc sy cd may dang tiéc da xay ra,
gay thiét hai nang né vé tinh mang va tai san cho cac
chu tau.

Xuét phat tr nhu cAu thyuc té nhu vay, nhoém nghién
ciru mubn xay dung mot gido cu truc quan, thuc té
nham phuc vu cho cong tac dao tao huan luyén ky
ning, nghiép vu cho thuyén vién dat hiéu qua hon. Vi
vay, trong bai bao nay ching toi da thiét ké va mo
phong hé thong bao dong bao vé ap suat dau boi tron
cho dong co diesel Daihatsu 8GK-20 tai Trung tdm
Thuc hanh thi nghiém Méay tau, Khoa May tau bién,
Truong Pai hoc Hang hai Viét Nam.

2. Co s 1y thuyét dé thiét ké va mé phéng
hé thong

Viéc thiét ké hé thdng bao gdm thiét ké mach logic,
tinh chon thiét bi, moé phong hé thong. Tuy nhién,
trong khudén kho bai bao nay chi trinh bay thiét ké
mach logic va mé phong hé théng cho ddi tuong la
dong co diesel Daihatsu 8GK-20. Bong co nay co 8
xylanh véi dudng kinh xylanh 1a 200 mm, cong suat
ra 12 1.280 kW. Gia tri 4p sudt dau boi tron trong hé
thdng & mirc bao dong va bao vé lan lugt 13 3,0 va 2,5
bar [7].

Céc mach logic diéu khién dugc thiét ké dya trén
dai s6 Boolean. Dai s6 Boolean 1a cac phép toan va
quy tic lam viéc vai tap {0,1}. Cac ham duoc su
dung phd bién 1a ham PAO, VA , HOAC, duoc két
hop voi mot s6 dinh luat: hoan vi, nhom,... [5]. Mach
logic bao dong va bao vé ap suat dau boi tron dugc
xdy dung theo quy trinh sau: Chirc ning hé théng >
mé ta chirc nang bang 151 > so d6 thuat toan > bang
gi4 tri that > dang chinh tic 2 dang t6i thiéu > so
d6 mach logic. Quy trinh nay 1a mot trong nhiing quy
trinh phd bién dugc st dung dé thiét ké mach logic
diéu khién [6].

Viéc md phong nguyén ly lam viéc cua hé thong
s& gilp giam thiéu dwgc cac sai sot trong khau thiét ké
hé thong, ddng thoi tiét kiém dwoc thoi gian ciing nhu
chi phi cho qué trinh ché tao thir nghiém. Hién nay, c6
rat nhiéu ngdn ngit va phan mém chuyén biét dé mo
phong nguyén ly 1am viéc cua hé théng truyén dong
thiy lyc - khi nén. Tuy nhién, trong bai bao nay phan
mém Automation Studio 5.0 dugc lya chon dé mo

phong nguyén 1y lam viéc cua hé théng. Automation
Studio la phan mém tng dung c6 thé tinh toan thiét ké
va md phong mot céch truc quan cac hé théng thuy
lyc, khi nén va qua trinh dong hoc cua tirng phan tir
trong hé thong.

3. Thiét ké va mé phéng hé thong

3.1. Xay dung so dé thugt toan chirc ning bdo
déng va bdo vé ap sudt dau béi tron

Hé thong béo dong va bao vé 4p suat dau boi tron
cho dong co duoc md ta cy thé bang so db thuét toan
Hinh 1. H¢ théng ndy c6 hai chiic nang, d6 la: chuc
nang tu dong bao dong va chirc nang dirng dong co tu
dong khi ap suat dau boi tron giam t6i gia tri cai dat.

Tu ddng bao dong: Trong qua trinh khai thac dong
co, vi mot 1y do niao d6 lam cho 4p suat dau bdi tron
trong hé thong giam dén mot gia tri (duwoc goi la dp
sudt bdo déng) c6 thé gay nguy hiém cho dong co.
Khi d6, hé théng s& dua ra tin hiéu bang &m thanh va
dén hiéu canh bao cho ngudi khai thac biét dé co
phuong an xir Iy kip thoi nhim dem lai su hoat dong
an toan cho dong co.

Ty dong dung dong co: Sau khi tin hiéu bao dong
dugc kich hoat, néu ap suit dau boi tron van tiép tuc
giam téi murc nguy hiém (dwoc goi la dp sudt bao vé),
thi hé théng s& dua ra tin hiéu dé dung dong co tu dong
nhiam bao vé dong co, ddng thdi canh bao cho ngudi
khai thac biét bang tin hiéu dén va coi bao dong.

3.2. Xay dung mach logic bdo dgng &p sudt dau
béi tron thip

« C4c tin hiéu vao:

X1: Tin hiéu dong co dang hoat d6ng (Ndc > nia);

X2: Tin hiéu &p suat LO & mirc bao dong;

x3: Tin hiéu khang dinh sy cd;

X4: Tin hiéu bao dong trude do.

« C4c tin hiéu ra:

Z1: Tin hiéu lam cho dén bao mét &p suit dau LO
sang d6 nhap nhay va chubng kéu;

Z2: Tin hiéu lam cho dén bao mét &p suit dau LO
sang do binh thudng.

Tur bang gié tri that (Bangl) ta c6 cac ham logic
sau:

Z1=x1%3(xz + X4) (1)
Z2 = X1X2 (2)

Mach logic bio dong ap suit LO - Hinh 2 dwoc
xdy dung tur phuong trinh logic (1) va (2).

« Bang gia tri that thé hién trén Bang 1.
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Nhap théng s6: Ap suat LO &

muc bao dong; Ap sudt LO mirc bao vé

Sai

Dong co ¢ trang thai hoat don

(Nae>Nia)

Diling

Peén bao sy cb tit va

Pén bio su ¢ tit va
coi bao dong khdng kéu

W

Sai Ap suét diu LO giam

t6i muc bao vé

bung

| Keéo thanh rang nhién liéu vé khong |

| Pen bio su o sing do va coi kéu |

Nhén nit Reset

bung

coi bao dong khong kéu

Ap suét diu LO giam
§i mic bao dong

Duing

[ Chubng kéu va dén bao dgng sang do nhap nhay

Sai

hén nit khing dinh sy ¢4

Diing

Pen bao dong sang do khong nhap
nhay va coi bao dong ngung kéu

Su cb da duoc khic phuc a

‘ Dong co tro lai trang thai binh thudng

Dung

Dén bao dong tat

LO: ddu béi tron (Lubricanting Oil); na.:
Hinh 1. So d6 thudt todn bdo dgng

Bdang 1. Bang mo ta chirc niang bao dong

Vong quay déng co; mg: Vong quay khai déng

va bdo v¢ ap suat ddu boi tron thip

4 du boi i Z, = xqx

ap lwe dau béi tron thap Tin hiéu dong co dang " 2 = X1Xp
Xt | X2 | X3 | Xa | Z1 | Z2 hoat ddng (ng. = nyg) T_
L1901 910419109 Tin hiéu khéng
tjojojprprjo dinh su cd i
| L 0100 T Z1=X, Xz (X5 + X

Tin hidu dp sudt LO | X, 1=X X (X, +Xy)
tjojtprjogeo & mirc bdo dong
Ty e Tin hiéu ba
nhiéubdo | x,

N S N dong trusc o —— |
1 1 1 0 0 1
1111 11011 Hinh 2. Mach logic bdo djng &p sudt ddu LO

3.3. Xay dwng mgch logic ding dong co' khi ap
suat dau boi tron thap

« Tin hiéu vao:

x1: Tin hiéu dong co dang hoat ddng (Ndc > nya);

xs: Tin hiéu &p suat LO & muc dung su ¢
“Shutdown”;

xe: Tin hiéu dirng su ¢6 trude do;

x7: Tin hiéu hoan nguyén h¢ thong “Reset”.

e Tin hiéu ra:

Z3: Tin hiéu dung su cb dong co, dén bao su )
sang do6 va coi kéu.

« Bang gia tri that dwoc thé hién trén Bang 2.
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Bdng 2. Bang mo td chikc nang dieng
déng co khi dp sudt dau béi tron thap

X6

Zy = X(Xyxg + xyx57%g)

3.4. Chen phdn ti thaec hién phép toan logic

Tur mach logic bao dong & Hinh 2 va mach logic
bao vé ¢ Hinh 3, mach diéu khién c6 thé duoc xay
dung theo nhiéu phuong thtrc khac nhau nhu co - khi
nén, dién - khi nén, hay tham chi la dién - dién ti. Tuy
nhién, trong bai bao nay hé théng didu khién duoc lya
chon 1a hé théng dién - khi nén. Do d6, cac tin hiéu
dau vao can duoc lwa chon loai tin hiéu cho phu hop
(Bang 3).
3.5. M6 phéng hé thong

Sau khi phan loai bién logic, mach logic duoc tach
thanh mach dién va mach truyén dong khi nén sau d6
dugc md phong trén phian mém Automation Studio
5.0. Cac mach mo phong duoc thé hién trén Hinh 4 va
Hinh 5. Trong khudn khé bai bao tac gia gioi thiéu

X1 X5 X6 X7 Z3

0 0 0 0 0

0 0 0 ! 0 Ap suat LO &

0 0 1 0 1 mirc dirng sur co

0 0 1 1 0

0 1 0 0 0 Tin hiéu dong co

0 1 0 1 0 dang hoat dong

0 L ! 0 ! Tin hiéu hoan nguyén
0 1 1 1 0 hé thdng (Reset)
1 0 0 0 0

1 0 0 1 0

1 0 1 0 -

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 -

1 1 1 1 -

Hinh 3. Mach logic bdo vé dong co

Tur bang gia tri that ta cé cac ham logic sau:

Z3= X7 (X1Xg + X1X5X6) ®)

Mach logic cua hé thdng Hinh 3 duoc xay dung tir phuong trinh (3).

tom tat cac chirc nang ma hé thong mo phong da thuc
hién nhu sau:

Khoi dong dong co diesel

Bat ngudn dién cho hé théng > dén ngudn
(Source) sang xanh; cip ngudn khi khoi dong dong co
- ddng hd ap suat khi khoi dong hién thi 25 bar; cip
ngudn khi diéu khién > dong hd &p suat khi diéu
khién hién thi 8 bar. An nat (ON) khai dong bom dau
nhon béi tron > ddng ho &p suat LO hién thi 1,5 bar
(Mot trong nhitng diéu kién bit budc dé khoi dong
dugc dong co 1a ap sudt dau boi tron trong hé thong
phai dat dugc ap suét tbi thiéu cho phép. Vi dong co
diesel Daihatsu 8GK-20, ap suat nay la 1 bar) [5].
Piéu kién khoi dong dong co da du, tiép theo an nat
(Start) khoi dong dong co > ddng hd chi béo vong

Bdng 3. Lwa chgn logi tin higu

TT |Tin hiéuvao Chirc niing Chen tin hiéu Ghi chi
1 X1 Tin hiéu dong co dang hoat dong (Ngc > Nia) bién Cam bién vong quay
2 X2 Tin hiéu &p luc LO & mire bao dong bién Cam bién &p suét
3 X3 Tin hiéu khang dinh sy ¢ Co NGt nhan
4 X4 Tin hiéu bdo dong trude do bién
5 Xs Tin hiéu &p suat LO ¢ mirc “Shutdown” Dién Cam bién &p suét
6 Xe Tin hiéu dung su ¢ trude d6 pién
7 X7 Tin hiéu hoan nguyén hé théng “Reset” Co NGt nhan
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quay dong co hién thi 900 RPM (V/P) = ddng hd chi
bao ap suit LO ting 1én 4,5 bar - dong co khai dong
thanh cong.

Thit m6 phong céc chire ning cria hé thong

@ @? ®
ésmm
LO_Light
Confirm -
. RLA1 RS CF _Aarm
S O ¥ oo
cF Cofn| gLz
= -
LO-Alarm RLA f}‘L‘SD LO_Shut_dow]
= il ®_
RLA1 CF  DE FL Source
H & Q
DE R.f]:‘ ;R'L“ DE RS RLS
RLAM CF g 2| aeeo &
3 B sD
RLSD
iz FH —— ]
Reset
—-'L oE RS 9__" QFF LO_pump
LO-shD RL1 [Lo_pdme
o _|
Confirm Reset Stlaﬂ LO-Start RLsp Engihe_start
LO Pump Start Engink. Start
L

ON
i

Pt LO Pressure  DE
OFF
-l

0.00 Bar ‘ 0.00 RI’MI

Hinh 4. So dé mach dién diéu khién hé théng

2 3

1

hos

T O 8

1. Ngudn khi nén diéu khién; 2. Van trwot diéu khién 3/2;
3. Xylanh Iyc didu khién thanh rang nhién ligu

Hinh 5. So @6 mach khi nén dirng su cé

Chtre ning cua hé thdng dugc thir nhu sau:

Diéu chinh &p suit ddu boi tron dong co giam dan
dén gi4 tri 4p suit bao dong 3 bar, luc nay dén bao
dong &p suat dau boi tron “LO_Alarm” s& sang nhép
nhay mau d6 va coi kéu. Khi d6, ngudi khai thac can
nhén nat “Confirm” trén bang diéu khién dé khang
dinh sy ¢6 > dén bao dong ap sut ddu boi tron s&
sang d6 binh thuong (khong nhép nhay) va coi bao
dong s& nging kéu. Néu ting 4p sudt diu bdi tron
trong hé thong 16n hon 4p suat bao dong > dén bao
dong s& tit. Néu tiép tuc giam ap sudt dau boi tron
trong hé thong toi mirc bao vé 2,5 bar, luc nay s& co
tin hiéu dién cip dén van dién tir 2 - Hinh 5 dé cap khi
nén t6i xylanh lyc 3 diy thanh rang nhién liéu vé 0 dé
dimg sy ¢b dong co. Pdng thoi dén chi bao dimg sy
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¢b dong co do ap sudt dau boi tron (LO_Shut_down)
trén bang diéu khién (Hinh 4) s& sang nhip nhay mau
d6. Dé dua dong co tir trang thai dimng sy ¢d sang trang
thai ding binh thudng dé chuan bj cho lan khoi dong
tiép theo, ngudi khai thac cin nhdn nut “Reset” trén
bang diéu khién dé hoan nguyén hé thong.

4. Két luan

Bai béo di xdy dyung so do thuat toan, mach logic
va lya chon céc phan tir thuc hién phép toan logic tur
d6 mo phong thanh cong chirc nang ty dong bao déng
va bao vé ap suit dau boi tron thap cho dong co diesel
lai may phat dién trén tau thay bang phan mém
Automation Studio 5.0. Pay la gido cu truc quan gilp
cho cong tac dao tao huan luyén thuyén vién, Si quan
May tau bién Viét Nam s& duoc nang cao hon vé ky
ning ciing nhu kién thire chuyén mén thyc té.
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