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Tém tit

Bai bao trinh bay nghién cuu xdy dung mo hinh
mé phong hé thong diéu khién mdy chinh tau
DN2000 phuc vu dao tao, hudn luyén va tung
buée lam chii trang bi ky thudt cho lwc lrong chap
phép trén bién. Trén co s¢ ddc tinh diéu khién
chudn ciia hé mdy chinh CAT 3516C, nhém tac gia
xdy dung mé hinh HIL trén nén tang Siemens TIA
Portal, sir dung PLC S7-1500, HMI va co so dir
liéu SOL Server dé t6 chirc thu thép, xir Iy va gidm
sdt dir liéu theo thoi gian thwe. Mé hinh bao gom
cdc thudt todn diéu khién chudn bi mdy, vao ly
hop, dirng may, diéu chinh toc dg, dong thoi tich
hop cac mé hinh qua trinh chinh nhu nhiét d¢ khi
xd, ap sudt dau béi tron va dong hoc bo diéu téc.
Két qua so sanh giita ddc tinh chudn va ddc tinh
mé phong cho thdy mé hinh bam sat quy ludt diéu
khién ciia hé thong, véi RMSE lan lwot la 1,325,
1,769; 0,666, va 0,282 doi véi bon dwong déc tinh
khao sdt; sai sé cuc dai déu nhé hon 2,50. Cdc két
qua nay khang dinh tinh ding dan va kha ndng
img dung ciia mé hinh trong dao tao, hudn luyén,
thur nghiém thudt todn va phat trién cdc hé mo
phong ky thudt chuyén sau cho tau DN2000.

T khoa: Mo hinh mfi phong, may chinh DN2000,
TIA Portal, HIL, huan luyén ky thudt.

Abstract

This paper presents the development of a
simulation model for the DN2000 ship’s main
engine control system to support training,
technical familiarization, and progressive mastery
of onboard equipment for maritime law
enforcement forces. Based on the standard control
characteristics of the CAT 3516C main engine, a
hardware-in-the-loop (HIL) simulation model was
developed on the Siemens TIA Portal platform
using an S7-1500 PLC, HMI, and SQL Server for
real-time data acquisition, processing, and

monitoring. The proposed model incorporates key
control algorithms for engine preparation, clutch
engagement, engine shutdown, and speed
regulation, together with major process models
such as exhaust gas temperature, lubricating oil
pressure, and governor dynamics. Simulation
results show that the developed model closely
follows the standard control characteristics of the
actual system. The root mean square error
(RMSE)  values for the four evaluated
characteristic curves are 1.325, 1.769, 0.666, and
0.282, respectively, while the maximum error
remains below 2.50 for all cases. These results
confirm the accuracy and applicability of the
proposed model for training, control algorithm
testing, and further development of advanced
simulation systems for DN2000 ships.

Keywords: Simulation model, DN2000 main
engine, main engine control system, TIA Portal,
HIL, technical training.

1. M& dau

Viéc dao tao, hudn luyén sinh vién, hoc vién trén
céc thiét bi thuc c6 nhitng wu diém 13 hoc sinh, sinh
vién c6 thé duoc tiép xuc truc tiép, thao tac va van
hanh véi toan bd cac thiét bi tuy nhién ciing c6 nhugc
diém nhu: Thoi gian chuén bi may moc lau, gay ton
kém chi phi van hanh va bao dudng, c6 thé xay ra cac
su ¢ nguy hiém gay hong hoc cho thiét bi, an toan
cua con ngudi, Viéc tao cac ‘PAN” sé& kho khan. Boi
véy, hién nay viéc timg dung cong nghé mé phong dé
dao tao, huén luyén ngay cang dang trd nén rat phd
bién trong rat nhidu cac linh vuc noi chung va mé
phong méy chinh tau bién noi riéng.

Trén thé gioi hién nay c6 mot sd hing ndi tiéng
chuyén san xuét cic hé mé phong cho cac ddi tuong
khéc nhau nhim muc dich dao tao, huin luyén [1-3].
Tuy nhién, cac thiét bi trong nhitng hé théng nay déu
chi 1a nhimg giao dién man hinh duoc thiét ké véi
nhitng db hoa gan giéng thiét bi thuec.
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Hinh 1. Ciu tritc hé thong mé phéng DN2000

Céc nghién ctru [4, 5, 6], cac tac gia cling dé xuét
xdy dung cac mo hinh hé thdng mé phong nham phuc
vu cho viéc giang day va dao tao nhdm cai thién kién
thirc va k¥ nang diéu khién tau.

Trong nhiing nim gan day, luc lugng Canh sat
bién Viét Nam da duoc trang bi cac tau DN2000 dong
moéi v6i hé thdng diéu khién dong co chinh hién dai.
Nham tién téi lam chii trang bi k¥ thuat va nang cao
tinh co dong, sin sang chién diu, nhom nghién ciru da
xdy dyng mé hinh mo phong hé théng didu khién dong
co chinh cho series tau nay.

Pong gop mai clia nghién clru:

- Xay dyng mé hinh mé phong dong hoc didu
khién may chinh DN2000.

- Thiét 1ap méi truong mod phong, phuc vu phan
tich cac ché do van hanh cia hé thong.

- Pé xuat cong cy hd trg huan luyén khai thac va
nghién ctru dya trén mo6 hinh HIL/ SCADA.

B6 cuc bai bao dugc chia thanh 5 phan chinh nhu
sau: Phan 2 trinh bay co s& 1y thuyét, cdu triic dé xuat
ctia hé thong diéu khién may chinh tau DN2000. Phan
3 dé xuét thuat toan diéu khién va mé hinh dong hoc.
Phan 4 phan tich két qua mé phong va thao luan. Cudi
cung, Phin 5 dua ra két luan va dinh hudéng nghién
ctru tiép theo.

2. Xdy dung ciu tric hé thong va co sé ly
thuyét

2.1. Xdy dwng céu tric h¢ thong

Tau DN2000 1a series tau dong méi cua tap doan
DAMEN danh riéng cho lyc chip phap trén bién Viét

Nam. Tau c¢6 nhiém vu tim kiém va ctru nan trong
vung bién Viét Nam va qudc té.

Theo [9] cong bd, tau DN2000 duoc trang bi 4
may chinh lai 02 chan vit thong qua hé banh rang hop
s6 va ly hop. Véi cdu trac 02 may chinh lai 01 chan
vit thong qua hé théng hop sé chung, hé thong dicu
khién duoc thiét ké sao cho 02 may chinh c6 thé lam
viéc song song va dong thoi lai chung chéan vit. Va
mdi mot méy lai co ciu trac diéu khién doc lap gidng
nhau nhu Hinh 2.
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Hinh 2. Céu tricc lam viée djc lip

May chinh tau DN2000 dwoc lp dat 1a loai 3516C
hang Caterpillar, 1am viéc 4 thi kiéu khi nén ting ap,
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Bing 1. Bing dit liéu s6 chay mdy chinh
ZONE 1-2
INLET | INLET EXH EXH EXH
ENGINE | ENGINE ENGINE BSFC
BMEP VFC MFLD MFLD [ MFLD | MFLD | STACK
SPEED POWER | TORQUE (G/BKW-
(KPA) (L/HR) | PRES TEMP | TEMP PRES TEMP
(RPM) | (BKW) (NM) HR)
(KPA) | (DEG C) |(DEG C)| (KPA) | (DEG C)

1.8 2,24 11,884 1,913 210.3 561.4 240.5 50.0 625.4 184.9 481.4
17 2,24 12,583 2,025 207.0 552.6 235.0 49.7 635.0 163.7 498.6
1,6 2,108 12,581 2,025 204.3 513.4 213.6 48.8 643.6 151.6 499.4
15 1,947 12,395 1,995 199.9 463.9 188.2 48.0 643.2 128.6 507.4
14 1,786 12,179 1,96 197.4 420.2 171.9 47.8 638.0 110.1 505.9
1,3 1,539 11,305 1,819 197.7 362.6 141.4 47.1 645.4 91.6 493.5
1,2 836 6,653 1,071 206.7 206.0 54.5 46.4 584.4 37.7 480.9
11 607 5,269 848 212.0 153.4 21.9 47.0 543.3 21.9 465.5
900 472 5,013 807 213.2 120.1 16.6 48.4 552.8 12.9 451.4
800 375 4,476 720 214.7 96.0 11.2 49.0 511.9 8.7 406.1
700 330 4,509 726 225.0 88.6 7.8 50.3 520.4 6.0 415.3

méy chinh dugc trang bi b diéu tde dién tir, kiéu phun
xang dién ta.

Nhom téc gia dé xuat cdu tric hé thong nhu Hinh
1, md ta ludng dir liéu vong kin giita khdi mo phong
vat ly va 16p xtr Iy thong minh thong qua SQL Server.
Trong d6, m6 hinh may chinh CAT 3516C déng vai
tro nguén dir ligu OT, thyc hién mo phong nhiét dong
luc hoc thoi gian thyc, giao tiép v6i PLC qua Ethernet
S7 chu ky 100ms va luu dir liéu vao SQL Server qua
ODBC véi chu ky 1s. Lop xir Iy thong minh trén may
tinh cong nghiép thyuc hién déng b9, tinh toan va cap
nhat trang thai van hanh, tir d6 cung cip thong tin
giam sat thoi gian thyc cho nguoi van hanh. Dé phuc
vu thtr nghiém HIL, hé théng st dung PLC Siemens
S7-1500 CPU 1513-1PN va HMI Siemens KTP900 dé
tao cac tin hi€u do nhu 4-20 (mA) va 0-10 (V) thay
cho cam bién thuc.

2.2. Co so dit liéu

Dua trén ciu trac diéu khién trong tai liéu [9],
Nhom tac gia tong hop cac dit liéu dic trung lam co
s& xdy dung thudt toan va phat trién mo hinh hé théng.

Hinh 3 thé hién mdi quan hé giita tin hiéu tay diéu
khién véi tbe d6 may chinh va gbc mé canh chan vit
bién budc twong ng vai cac chiéu didu khién, vi tri
tay diéu khién va ché d6 van hanh khac nhau. Trong
d6, duong cong 1 biéu dién goc mé canh chan vit &

ché do toc do dong co khong dbi khi chay tu do;
duodng cong 2 biéu dién goc mod canh chan vit & ché
d6 két hop; duong cong 3 biéu dién tdc do dong co &
ché do két hop; va dudng cong 4 biéu dién toc do dong
co & ché do tdc do khong dbi. Chang han, tai vi tri tay
diéu khién s6 5 trong ché d6 két hop, hé théng xac lap
gdéc mé canh chan vit khoang 85% va tbc do quay
dong co chinh khoang 90%.
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Hinh 3. Méi lién quan cdc dwong cong diéu khién
Dé c6 thé xay dung cac ham thong s6 chay theo
tham s, vi tri tay diéu khién, trong tai liéu [10], cac tac
gia nhan duoc dit liéu thong sb tir nha san xuat trong
qua trinh chay may cho mét ddng co chinh nhu Bang 1.
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3. X4y dung thuit toan va mé hinh héa diéu
khién
3.1. Xay dung thudt todn diéu khién

Tur dix liéu co s& nhan dugc trén muc 2.2 va tai liéu
k¥ thuat ciia hing Caterpillar, Nhom tac gia di dén xay
dung mot s6 thuat toan diéu khién dé tién toi xay dung
mo hinh vt 1y cho hé thdng diéu khién cua dong co
chinh da lap dat trén tau DN2000.

Hinh 4 13 biéu dién thuat toan chuan bi may. Dé co
thé khoi dong may chinh thanh cong, thi cong tac
chuén bi ¢6 vai trd quan trong. Nguoi khai thac phai
van hanh trudc mot sd may phu phuc vu nhu Bom dau
boi tron, chuan bj khi nén, thuc hién via may,...
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Hinh 4. Thugt todn chuén bi mdy

Hinh 5 biéu dién thuit toan vao - ra ly hop. Pong
co chinh 1a may trung tdc, dé c6 thé di chuyén tau,
may chinh s& truyén m6 men quay xudng truc chan vit
thong qua hop s6. Ngoai ra dé an toan cho thiét bi,
vong quay cho phép vao - ra ly hop phai nim trong
pham vi an toan.
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Hinh 5. Thudt todn diéu khién ly hop
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Hinh 6 biéu dién thuét toan dimg may chinh bao
gdm duing binh thudng va dimng su ¢b. Pong co chinh
khi dung su ¢ can phai thyc hién hoan nguyén hé
thdng méi cho phép tiép tuc lam viée tiép theo.
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Hinh 7 biéu dién thuat toan diéu chinh tdc d6 may
chinh, nghia 1a tbe do dong co chinh s€ chay theo vi
tri tay diéu khién ctia nguoi van hanh.
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Giam téc do

Hinh 7. Thudt todn diéu chinh téc d¢ mdy

3.2. M6 hinh toan hoc may chinh DN2000

Trong ciu trac d& xuat ing dung PLC Siemens,
cac mo hinh toan hoc dya trén vat 1y da dugc nhung
tryc tiép vao bo nhd ciia PLC. Trong khi phén tich,
nghién ciru nay chi tap trung vao cac thong s nhiét
dong lyc hoc va qua trinh. Do d6, logic mo6 phong va
cac thong $6 qua trinh, dugc suy ra tir nhiét dong luc
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hoc co ban [9-12] va co hoc chit long [13].
3.2.1. M6 hinh hoa nhiét do khi xa

Pong luc hoc nhiét d6 khi xa dwge md phong trong
ba giai doan: Uéc tinh trang thai 6n dinh, 15i va quan
tinh nhiét. DAu tién, nhiét 46 nhiét dong co ban (Tgase)
dugc tinh toan.

Trong khi cdc md hinh diéu khién co ban thuong
don gian hoa mbi quan hé Nhiét 6 khi xa - Tai dugc
tuyén tinh hoa, tai liéu [12] da duoc thiét 1ap vé mo
hinh dong co hudéng diéu khién chi ra ring phan tng
nhiét von di khong tuyén tinh do hi¢u suat thay d6i
ctia bo tang 4p va ty 16 khong khi - nhién liéu thay dbi.
Dé nim bét 6 cong nay trong gidi han thoi gian thyuc
ciia PLC (ma khong str dung cac ham Wiebe ning vé
tinh toan), chiing t6i 4p dung hi€u chinh da thirc bac
hai:

Tgase = Tcootant + (Krpm - 1) + (Kpoaa1 - L M)
+(KLoad2 L7 n) (1)
Trong 6, Tcooian: 12 nhiét 36 nudc 1am mat (°C), n
13 toc d6 dong co (vong/phit), va L 1a hé s6 tai (0+ 1),
Krewts Kioadr va Kroaa2 1 céc hé sb thuc nghiém biéu
thi ma sat phy thudc vao tde do, su giai phong nhiét
khi @6t chay tuyén tinh va cac hiéu chinh hiéu suat phi
tuyén tinh twong tng.
DPé mod phong cac 181 cu thé cua xi lanh, mot do
léch bu dugc ap dung cho xi lanh i cu thé dya trén
cuong d6 161 du vao F_(Nhiét d6 khi xa, i) (0 + 1):

TTarget,i = Tpase (1 + Krauir - FEGT,i) 2

Trong d6, Kruu: 12 hé s6 d6 nhay.

Dé mo phong thoi gian phan hoi cia cip nhiét dién
cong nghiép [14], mdt bo loc tre bac nhat roi rac dugc
ap dung:

Teeri(k) = Tgeri(k—1) + [TTar%ett,i -
Tgeri(k—1)]-— (3)
3.4.2. M6 hinh dong hoc dp luc dau béi tron
H¢ théng boi tron dugc mo hinh hdéa nhu mot hé
thdng nhiét-thiy lyc két hop pht hop véi cac nguyén
tdc may phu tau bién [15, 16]. Dau tién, trong ty nhu
hé théng 1am mat, dong lyc nhiét do dau boi tron (T70)
dugc mo phong dua trén sy can bé’mg nhiét gitra sy
phat sinh ma sat va hiéu qua lam mat dau. Nhiét do
tirc thoi duge cap nhat thong qua bo loc tré:

Tro(k) =To(k—1) + [Trargetro — TLgt(k -
D] — @
-2 @)
Trong d6, Trurger,L0 12 nhit d6 muc ti€u ¢ trang thai
on dinh (°C), At 14 thoi gian chu ky quét (s), va 20 1a
hang s6 thoi gian nhiét ciia bé chira dau (s).

Cong nghé s6, tw dong hoéa va trng dung hang hai

Diéu quan trong la d6 nhét cua dau (u) dugc cap
nhét dong dua trén nhiét do thoi gian thuc nay bﬁng
cach sir dung Phuong trinh Andrade [17, 18]:

B
u=A- pTo 27315

®)

Trong do, 4 va B la cac hﬁng s6 thuc nghiém dac
trung cho loai ddu SAE-40.

Logic tao ap suit két hop v6i bom so b lai bai
d6ng co dién va bom co khi ddn dong bang may chinh.
Ap suat co khi (Psecr) duge tinh nhu sau:

Pyech = (KPump ‘n) - (14 Kyjse - (0 — .uRef)) 6)

Trong d6, n 1a tc do dong co (vong/phut), Kpump
1a hé sb hiéu suit bom (bar/vong/phut), Ky 12 hé sb
hiéu chinh do nhét va uger 1a ¢ nhét tham chiéu ¢
nhiét d hoat dong binh thuong.

Pé xac thuc cac thuat toan chan doan, ap sut
ngudn cudi cing duoc xac dinh bang logic "Van kiém
tra" (toi da) va sau d6 bi suy giam do 13i tic nghén b
1oc (Fciog) va sy mai mon 6 truc (Fiear):

Psource = max( Pgiec) Pyecn) (7

Pro = min( Pset, Psoyrce * (1 — K - FClog) (1-

Ky - FWear)) (3)

Trong d0, P 12 4p sudt bom moi (bar), P 1a
gidi han van an toan (bar), va Kr, Ky 1a cac hé ) ty 1¢
mirc d6 nghiém trong 16i khong thir nguyén

3.4.3. M6 hinh dong hoc bo diéu téc

Viée diéu khién toc do dong co dugc thuc hién boi
mdt may trang thai hiru han (FSM). Dé mé phong
moémen quan tinh co hoc, qué trinh chuyén doi toc do
tuan theo mot ham “Ramp” véi bd gidi han bao hoa (sat):

Ngamp(k) =n(k — 1) +
sat (%ﬁ%,l(mmb <At (9)

Trong d6, Kramp : Tdc do gia toc (rpm/s?).

Hon nira, nhan thiy tim quan trong cta phén tich
6n dinh trong hé théng diéu khién [17], mot tin hi¢u
nhidu x4c dinh duoc dua vao dé xac thuc thut toan
phat hién. Mac du su bat 6n cua b didu tde thuc té
thuong biéu hién dudi dang chu ky gi6i han phi tuyén
tinh. Téc do duoc dua vao duoc dinh nghia la:

Nrpinal = nRamp(k) + (Knoise * Foov) - sin(wt) (10)
Trong 46, Fg,, - d6 nhay, Ky,ise-d0 nhiéu loan va
w tan sb nhiéu (rad/s).

4. Két qua mé phong va danh gia
4.1. Két qui mé phéng

Nhoém tac gia da xay dung thanh cong mo hinh mo
phong HIL may chinh DN2000 dya trén nén thiét bi
hang Siemess nhu Hinh 8.
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Hinh 8. M6 hinh mé phong mady chinh

Ngoai ra nhém nghién ctru cling xay dung cac giao
dién giam sat cho hé théng nhu cac Hinh 9, va 10.

Nhigt 35 bau gép khi xa Téc 44 dong co

Mirc tidu thy
Nhién ligu
0000.0 Wh

% Tai
000.0 %

000 KPA 000 kPA

e it
o

000
GIA TRI DOC
18 MODUL

Hinh 10. Giao dién tao “PAN” h¢ thong khi xi

Va cac d6 thi Hinh 11, 12 va 13 so sanh két qua thu
duoc sau khi mo phong so véi dit liu chuén ciia hang,

Béng 2 cho biét d9 chinh xac ciia mé hinh mé phong.

Db thi Hinh 11 cho thiy mé hinh mé phong bam
sat dac tinh chuén cua hé didu khién trong ca quan hé
giita vi tri tay diéu khién v6i goc md canh bude va toe
d6 truc. Sai léch chu yéu xuét hién tai cac ving chuyén
tiép phi tuyén, dic biét quanh khu vuc 1an can vi tri
trung tdm, nhung xu hudng bién thién tong thé van
duoc tai hién dung. Két qua nay cho thay mé hinh ¢
db tin cay tdt va phu hop dé phuc vu nghién ctru, dao
tao va hudn luyén van hanh hé thong.

Hinh 12 thé hién két qua so sanh cho thiy mé hinh
mo phong tai hién tét didc tinh pitch chudn trong ca hai
ché d6 van hanh. Véi duong cong (1), dic tinh tuyén
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Hinh 11. So sinh dic tinh chuén va dic tinh mé
phong ciia hé diéu khién mdy chinh

Curve (1): Pitch characteristic - Free running / Constant engine speed
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Curve (2): Pitch ic - Combined mode
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Hinh 12. So sanh ddc tinh géc mé canh bwdc giita
div ligu chuéin va mé hinh mé phéng

Curve (3): Shaft RPM ic - Combined mode
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Curve (4): Shaft RPM ic - Constant RPM mode
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Hinh 13. So sanh diic tinh toc d¢ chén vit giia div
liéu chudn va mé hinh mé phong
tinh dugc bao toan khi pitch thay ddi gan tuyén tinh
tir -100% - 100% twong Ung v6i dai vi tri tay diéu
khién thay doi tir -10 dén 10.
Hinh 13 mb ta két qua cho thdy dic tinh RPM mo
phong bam sat dic tinh chuan trong ca ché do két hop
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va ché do giir tc 46 khong ddi. O duong cong (3), tde
d6 truc giam tir khoang 100% tai vi tri tay diéu khién
-10 xudng gia tri nho nhat khoang 67-68% trong viing
lan can 0 dén 1, sau d6 tang dan tro lai va dat gén
100% tai vi tri 10; dwong md phong gan nhu tring
khdp vé6i dudng chuén trén toan dai khao sét.

Bing 2. Két qua danh gid sai sé giiva dit liéu chudn

va mé hinh mé phéng ciia cdc dwong dic tinh diéu

khién
Characteristic = RMSE MAE MaxError
Curve 1 1.325 1.146 1.970
Curve 2 1.769 1.602 2.493
Curve 3 0.666 0.615 0.890
Curve 4 0.282 0.253 0.398

Béng 2 cho thdy mé hinh m6 phong bam sat dic
tinh chuén véi cac chi tiéu sai s6 déu nho. Sai sb thap
nhat thudc vé dudng cong RPM & ché do khong doi,
trong khi cac duong dac tinh con lai ciing c6 RMSE
nho hon 1,77 va sai s6 cuc dai nho hon 2,50. Két qua
nay khing dinh d9 tin cdy ctia m6 hinh trong viéc tai
hién dic tinh diéu khién cua hé théng.

5. Két luan

Bai bao da nghién ctru tai li€u, co s¢ dir licu co ban
cho dong co chinh 3516C héang Caterpillar v4i cac ham
théng s6 bam theo vi tri tay diéu khién, dong thoi xay
dung mot s6 thuat toan diéu khién dé tir d6 lua chon hé
sinh thai Siemens xay dyng thanh céng mé hinh diéu
khién cho dong co.

Tuy nhién nhom nghién ctru chi ¢ dugc két qua &
mdi trudng tinh, thidu mot sb dit liéu tac dong voi nhitng
diéu kién moi truong 1am viée khac nhau. Két qua can
duoc kiém nghiém, ddi sanh voi nhitng diéu kién khac
nhau dé t6i uu hoa mo hinh diéu khién cho hé thng.
Lo&i cdm on

Nghién ctru nay duoc tai tro bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.60.
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