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TOM TAT

Trén tau bién, bén canh cdc hé thé'ng phuc vu cho hé dong luc, cac hé thé'ng phu khac ciing
déng vai tro quan trong trong khai thdc tau. Déi véi buong may, hé thong théng gié la mot trong
nhitng hang muc quan trong dwoc kiém tra béi Cang vu (Port State Control — PSC) trong cdc dot
kiém tra tudn thi Cong uwoc SOLAS. Thuc 1é khai théc cho thcfy nhiéu tau bién, ddc biét la tau cil,
cdc 16i buém gié quat gié buong may bi ket, hu hong hodc khéng dap g yéu cau dieng khan cap
trong tinh huong chdy né chiém da s6. Nguyén nhan chii yéu la do méi trwong lam viéc ciia tau khdc
nghiét c6 do am cao va chira muéi lam cho tuéi tho cia trang thiét bi giam nhanh theo thoi gian,
cung véi dé la do két cdu cua tau, cdc vi tri ldp ddt quat gié va buém gié gdy khé khan trong cong
tac kiém tra va bao dwéng, dic biét la cdc quat gié sir dung co cau diéu khién budm gié thii cong.
Trong nghién ciru nay, nhém tdc gia gidi thiéu gidi phdp cong nghé tw dong héa diéu khién buém
gié quat thong gié buong mday, tich hop b truyén dong dién — khi nén, cam bién hanh trinh, nham
thay thé phirong thirc van hanh thii cong truyén thong. Hé thong c6 kha nang déng/mé dong bé
nhiéu buém gio trong 12-15 gidy, bdo dam tinh nang Emergency Shut-down theo quy dinh SOLAS
II-2/Reg.29 va loai b6 nguy co sai s6t do con nguwoi. M6 hinh thiét ké cé thé irng dung truc tiép trén
cdc tau hién hitu ma khéng can thay doi két cau ong gio.

Tiwr khoa: Hé théng thong gio buo”‘ng mady, Buom gio; Ty dong diéu khién; SOLAS: PSC: An
toan hang hai.

ABSTRACT

On Vessels, in addition to the main propulsion service systems, auxiliary systems also play
an important role in ensuring safe and efficient operation. In the engine room, the ventilation
system is one of the critical items inspected by Port State Control (PSC) under the International
Convention for the Safety of Life at Sea (SOLAS). In operation, many vessels - particularly older
ones - frequently encounter problems with malfunctioning ventilation dampers that fail to meet
emergency shutdown requirements during fire incidents. The main causes arise from the harsh
marine environment, where high humidity and salt content accelerate equipment deterioration,
and from the ship's structural design, which limits accessibility for inspection and maintenance -
especially in systems employing manual control mechanisms. This study introduces an automatic ©
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control solution for engine-room ventilation dampers, integrating electro pneumatic actuators,
position sensors to replace conventional manual operation. The system enables simultaneous
opening and closing of multiple dampers within 12-15 seconds, ensuring compliance with the
Emergency Shut-down function specified in SOLAS Chapter II-2, Regulation 29, while eliminating
human-related operational errors. The method design can be retrofitted to existing ships without

modifying the ventilation trunks structure.

Keywords: Engine-room ventilation system; Damper; Automatic control; SOLAS; PSC;

Maritime safety.
1. PAT VAN DE

Trén tau bién, budng may dugc xem la
khu vuc trung tam, Ia trai tim cta con tau, noi
tap trung cac thiét bi chinh phuc vu cho viéc
duy tri hoat dong cta h¢ dong luc va cac h¢
thong phu trg. Trong d6, hé thong thong gid
budng may (Engine Room Ventilation System)
dong vai tro ddc biét quan trong, gitp cung cip
day du luu luong oxy can thiét phuc vu cho cic
hoat dong ctia may moc va thuyén vién trong
budng may, dong thoi duy tri sy on dinh cia
nhiét do, ap suat va nong do oxy trong khong
gian kin, ngoai ra con ddm bao ngan ngua chdy
no lan rong sang cac khu vyc khac khi xay ra
hoa hoan & budng may.

Theo Cong udc SOLAS 1974 (stra doi),
Chuong II-2 quy dinh 13 cac yéu cau lién quan
dén hé thong thong gié budng may nham dam
bao kha ning ngan chay lan, duy tri diéu kién
van hanh an toan, va hd trg thoat hiém trong
truong hop khan cap. Déi véi cac tau ché hang
va tau khach, hé thong thong gi6 phai dap tmg
cac yéu cau chinh sau [1]:

« C6 kha niang dung khan cap tir xa
(Emergency Stop Control), bo tri tai cac vi tri
dé tiép can bén ngoai budong may.

* Cac budm gid/fire-dampers phai dugc
thiét ké dé dong kin hoan toan khi c6 chay, han

ché t6i da dong khi cip hodc hat, nham co 1ap
budng may.

« Tat ca cac thiét bi dong/mo, tay diéu
khién, co cau hoi vi phai dugc bao tri dinh ky
va dé tiép can.

« Hé thong diéu khién tir xa phai co
tin hiéu chi thi trang thai (opened/closed) tai
buong dieu khién trung tam.

SOLAS II-2/Reg. 9 va 29 ciing yéu cau
rang toan bo hé théng phai dugc thtr nghiém
dinh ky, hoat dong on dinh trong tinh hudng
chdy va khong bi anh huong bdi moi truong
nhiét do cao hodc khoi. Nhiing yéu cau trén cho
thay hé thong thong gié khong chi don thuan
dam nhiém nhiém vu cung cép va tuan hoan
khong khi, ma con déng vai trd nhu mot phan
ctia hé thong phong chay chita chay tich hop
trén tau bién. Khi mot con tau cap mot cang
bién bat ky, con tau co thé dugc kiém tra boi
cac thanh tra vién cua cang so¢ tai (Port State
Control Officer - PSCO) hay con duoc goi la
kiém tra PSC (Port State Control), mot trong
cac hang muyc luon luoén dugc céac thanh tra vién
PSC yéu cau thir nghiém kha niang hoat dong
ctia quat théng gi, buém gioé va co ciu diéu
khién tir xa cho quat thong gi6. Néu budm gid
bi ket, khong dong kin hodc co cAu diéu khién
tor xa khong hoat dong, tau co thé bi yéu cAu
khic phuc ngay trude khi roi cang hodc tham
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chi bi luu tai cang, gay thiét hai dang ké vé thoi
gian va chi phi cho chu tau.

Tuy nhién, thuc té cho the‘iy nhiéu tau
bién hién nay, dic biét 1a cac tau di khai thac
lau nim van st dung co cdu diéu khién buém
216 thu cong (mechanical damper control), hoat
dong bang tay quay hodc day cap co khi. Cac
hé thong nay thudng xuyén phat sinh 15i do cac
nguyén nhan sau:

* Méi truong lam vige khéc nghiét,
v6i nhiét d6 cao, 6 am va hoi mudi 16n trong
khong khi, din dén an mon, ket truc, giam do
kin va tudi tho ctia co cau truyén dong.

« Vi tri lap dat budém gié thuong nim
sdu trong cac 6ng gi6 hodc khu vuc kho tiép
can, gdy kho khin cho cong tac kiém tra, bao
dudng dinh ky.

e Phu thudc vao thao tac con nguoi,
khién kha niang phan tmg khi c6 tinh hudng
khan cip khong dam bao, dé xay ra sai s6t thao
tac hodc khong kip thoi kich hoat dung quat.

Béo cao PSC 2023 ciia ABS ciing tong
hop rang trong ving Tokyo MoU, cac ma 13i
“Ventilation (Fire safety)”, “Fire-dampers
(Fire safety)” va “Remote means of control,
machinery spaces (Fire safety)” déu nam trong
nhom 10 khiém khuyét gy luu giit nhidu nhat,
mdi ma xuét hién trén hon mot trdm 1an kiém
tra. Dong thoi, cac ma 07115 — Fire-dampers
va 03108 — Ventilators, air pipes, casings dugc
ghi nhan 14 nhitng ma 18i phd bién trén doi tau
ABS, mdi ma xut hién trén it nhat 25 tau trong
nam 2023 [2].

Theo Béo céo thuong nién Tokyo MoU
2024, muc “Fire-dampers (Fire safety)” ghi
nhan 126 khiém khuyét gay luu gitr ndim 2023
va 93 khiém khuyét nam 2024, dung thir 9
trong nhom 10 15i bi luu giir nhidu nhét; dong
thoi muc “Ventilators, air pipes, casings” ding
dau bang véi 179 va 173 13i tuong g trong
cac nam 2023-2024 [3]. Piéu nay cho thay nhu
cau cap thiét trong viéc nang cap va tu dong
hoa he thdng diéu khién budm gio dé dap ung
yéu cau an toan va tuan thu quy dinh quéc té.

Bdng 1. Bang so sanh cdc khiém khuyét phé bién trén tau [3].

STT Cic khiém khuyét pho bién 2022 2023 2024
1. He¢ thong thong gio, cac cira kin nude 44 179 173
2. | Hé thong chita chay cb dinh 34 154 172
3. | Hé théng quan Iy an toan ISM 142 236 172
4. | Xudng ctru sinh 56 166 136
5. | Bao tri tau va thiét bi 88 177 134
6. | Bom ciru hoa va duong 6ng 67 108 110
7. | Két cau phong chay 3 59 100
8. | Phan ly dau nudc 38 104 98
9. Budm gio6 / Fire-dampers 76 126 93
10. | Nap day ham hang, bat che, v.v. 36 97 92
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Bén canh d6, xu thé sb hoa va tu dong
héa trong quan ly tau (Ship Automation and
Safety Management) dang duoc khuyén khich
manh mé& nhdm nang cao d tin cdy, giam thiéu
can thlep thil cong va hd tro gidm sat tap trung
tur buong diéu khién trung tam. Viéc ap dung
bo truyén dong dién — khi nén két hop bo diéu
khién logic kha trinh (PLC) cho céc thiét bi phu
trg, trong d6 c6 buom gi6 quat thong gio, la
giai phap hiéu qua, mang lai nhiéu loi ich nhu:

« Ty dong hoa qua trinh déng/mé dong
bo nhiéu budém gio;

« Cho phép diéu khién tir xa va giam sat
trang thai theo thoi gian thyc;

« Rat ngin thoi gian phan ng trong
tinh huong khan cap;

* Giam phuy thudc vao yéu td con nguoi
va chi phi bao tri.

Truéc nhitng yéu cau thuc tién do,
nghién ciru nay dugc thyc hién nham thiét ké
va ché tao hé théng tu dong diéu khién buém
gié quat thong gi6 budng may trén tau bién, c6
kha niang dap Gmg day du cac yéu cau k¥ thuat
cia SOLAS va quy trinh kiém tra PSC. Muc
tidu clia dé tai 1a xdy dung mot mo hinh diéu
khién tyr dong c6 thé img dung tryuc tiép trén cac
tau hién hiru, khong lam thay doi két ciu ong
gid, dong thoi ning cao do an toan va do sin
sang cua hé thong trong van hanh thuc té.

2. TINH TOAN CO CAU PONG, MO
BUOM GIO

2.1. Gia thiét trong thiét ké
Dé tinh toan lwa chon bd truyén dong va

hé théng diéu khién tu dong cho budm gi6 quat
thong gi6 budng may, nghién clru s dung cac

gia thiét va tham s6 thiét ké sau:

* Quat c6 1 buém gi6 (damper) chinh
can diéu khién tu dong;

« Ap suét tinh cuc dai trong 6ng gi6 khi
quat hoat dong: Ap (Pa);

* Buém gi6 dang tron hodc chir nhat,
truc quay bo tri ¢ gitra ban 14;

« Goc quay yéu cau dong/mé budm gio:
0-90°;

« Thoi gian dong/mé yéu cau:
t <15-20s;

dong/mo —

« Hé sb an toan mo-men: k =1.5-2.0.

LLLLLLL

Hinh 1. M6 hinh buom gio dung tinh toan [4]

2.2. Tinh toan mé-men cén thiét dé dong/mé
buwdém gio

Muc ti€u cua bai toan la xac dinh mo-
men can thiét, tir d6 lya chon bod truyén dong
dién — khi nén (actuator), kich thudc truc, co
céu lién két va hé thong khi nén phu hop.
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Moé-men can thiét dé quay budém gid
gom ba thanh phan:
- de + Tms + le_r_trfr (1)

yéu_cau

Trong do:
1. M6-men do tai khi dong (T, ) [5],[6], Nm:

Do chénh 4p va luc khi dong tac dung
1én bé mit budm gio:
Fyns = Ap- Hpmj
Txa = Fms - T 2)

« Ap: Ap suit tinh 16n nhét trong 6ng, Pa;

. Aproj: Dién tich chiéu cua budém gid
theo phuong dong khi, m?;

* r: Canh tay don tur truc dén diém dat
lyc twong duong, m.

Véi budm gio tron, c6 thé 1dy gan dung:

nD® D
‘d“proj "’Tirw 4-3D 3)
z

(Mot s6 két cAu co thé lay r~0,25—-0,3D).

2. M6-men ma sat (T, ), Nm:
Ma sat 6 truc, bac 16t, co cau truyén dong:

T =p-N-1 4)

Trong do: m - H¢ s6 ma sat; N - Luc
phap tuyen tac dung 1€n 6 truc, N; r; - Ban kinh
hiéu dung cua 6 tryc, m.

Trong thuc té, thuong kho xac dinh
chinh xac tirng tham so, nén c6 thé quy doi
bang mot ty 1€ phan tram cua T, ;:

T _=(02-03)-T, (5)

3. Mo6-men du trir (T, )

Nhim bu trir &n mon, co ciu bi ket do
dicu kién thoi tiet hoac thiéu bao dudng, sai so
lap dat:

T, .=( —1) (T +T) 6)

du_trlr -

Tir (1), (5), (6), ta co:

—k (T +T) (7)

yéu_cau an kd ms

Vi, k  thuong chon 1,5 2.0 [7].

3. TINH TOAN LUA CHON BOQ TRUYEN
PONG PIEN - KHI NEN

3.1. Gia thiét trong thiét ké

Tu modé-men yéu cau, viéc lya chon co
cau thuc hién (Actuator) dugc tién hanh theo
cac ti€u chi sau:

e Mo6-men dinh danh (Rated Torque)
Nm:

act”
Tact Z Tyéu_céu (8)

Pé dam bao hé thong co thé hoat dong
tin cay trong moi trudng tau bién, T =01+
1L.2)T , .

yéu_cau
* Thoi gian dong, mé (0 + 90°):
t <15-20s.

dong/mo —

* Kiéu lam viéc fail-safe.

Actuator Iya chon 1a loai piston —
xylanh tac dong don, kiéu khi nén c6 10 xo
hoan nguyén (spring-return): khi mat khi nén
hodc mat dién — tu dong hoan nguyén vé vi tri
“CLOSE” (fire mode).

« Ngudn cép cho hé thong

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026 k¥

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

Nguon tin hiéu diéu khién: 24 VDC
hoic 230 VAC.

Nguon khi nén: p = 6=8 bar, dugc 1ay tir
hé thong gié nén phuc vu cua tau, vi tri lay gio

nén tir tram diéu khién ctru hoda tau.

3.2. Tinh to4n cho h¢ thong truyén dong dién
— khi nén

Lyc yéu cau d6i voi Piston — xylanh
F(N) dugc tinh nhu sau:

(a) Hanh trinh day ra (cdp khi dé déng/mé
damper):

Fout,eff = Pesr A- Fspring(xj - 1:fr (9)

(b) Hanh trinh héi vé (do 16 xo):

Freturn.eff = Fspring (X) - Ffr (10)
Trong do:
md® 1y iAo . 5
* A = — ladién tich piston (m?).

4

*pla ép syét hitu ich trong budng xy
lanh (Pa), c,(') t}{é lé}{ chon p .= kp.p voi kp =
0.85 (tinh dén ton that van/duong ong).

. Fspring (x) 1a lyc 10 xo tai vi tri hanh

trinh x (N), dugc tinh theo cong thirc dudi day:

Fopring(x) = Fo + ksx. (11)

Trong do: F — D climg 10 xo ban dau;
k. — H¢ s6 cung cua 16 xo.
* F. 1a lyc ma sat (N).

(c) M6 men tac dung 1én truc budm gid:
Gia su xy lanh tac dung 1€n tay don truc

damper (crank arm) cd chiéu dai r, mo-men
hiru hiéu:

Terr = Fouters T SiN Q. (12)

e r: Tay don (m).

«1: Hiéu suét co cau lién két (0.85—0.95).

* ¢: Goc gilta phuong lyc va tay don
(worst case chon sing__ ).

Dé dap ung duoc diéu kién khai thac,
trong thiét ké:

2T, (13)

eff,min

Vay, luc yéu cau & diéu kién khai thac
trong diéu kién bat loi:

F >_Tea (g

outeffmin = | M SinPmin
(d) Lua chon dudng kinh piston theo chudn ISO:
Ttr bat dang thice luc:

Perrl — Fspring,max —Fgp 2 Freq

Freq + Fspring,max + Ffr

= A=
Petr

:}dEJ% (15)

Tir két qua tinh toan dugc tir cong thirc
(15), ta c6 thé tim dugc dudng kinh xylanh theo
chuan chuan ISO 6431 (vi du 32-40-50—63—
80—-100-125...) [9].

4. XAY DUNG HE THONG TU PONG
PONG MO BUOGM GIO QUAT THONG
GIO BUONG MAY

Trén co s6 cac yéu cau ki thuat da phan
tich trong Chuong 2, va dap tmg cac tiéu chuin
ctia SOLAS. H¢ thong ty dong dong/mé budm
gi6 duoc thiét ké theo cac nguyén tic sau:
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* Bbam bao chtrc naing Emergency Shut-
down theo SOLAS;

* Hoat dong tin cay trong moi truong
budng may (nhiét do cao, do am, an mon);

* C6 kha nang giam sat trang thai thoi
gian thuc;

« Dam bao fail-safe: mat nguon — dong
budm gio;

* Phu hop véi cai hoan tau hién hiru
(retrofit).

' 1 '
Bubng didu khin Bubng clnu hda trung tm| Dby ki tai ehb.
bubng miy ECR Fire control station Loeal epntrol

1

Sai
Vo dbog
by ki,

Bing
1

A i ' 1
Khéi ding. Dimg quat Kidi ding Dimg Dirmg [d
quat gio g quat g

1 Bung| ing 1 ' 1

sal

Buom Busm
Tt gian > < This gian "> Burtim gid -

goma, 5Tl B ity

Ding s sa Bing Bung Bueg

g mb 151
quat gib

L L
i = KiT dng mé | [Gimg mé to|
i 0caa ™0 | [ Bgo dgeg o quat gid aual g
1o quat gio

L 1 1 1 1 ]
il
Kt thic

Hinh 2. Thudt todn diéu khién buém gié quat gio
buong may.

Trong thuat toan diéu khién ¢ Hinh 2,
quat gi6 duoc khoi dong va dimg tai budng
diéu khién may, tai budng ctru hoa co trang bi
co cdu dimg quat gié khan cip phuc vu trong
truong hop chay nd & budng may.

Heé théng dugc trang bi thém co cAu
diéu khién dong mo budm gio tai vi tri lép dat
quat gio, ddy 1a co cdu phuc vu cho cong tac
kiém tra dinh ky buém gi6 déng mo.

Tai vi tri di€u khién ¢ budng dicu khién

budng méay (ECR), hé thng dugc trang bi
thém khoa chuyén doi vi tri diéu khién “Auto
— Manu”. Khi khoa & ché do “Auto”, hé théng
tu dong dong mé budm gioé cua quat gidé khi
khai thac. Trong truong hop hé thong gap 15
nhu: Ap suat gio diéu khién thip, cam bién vi
tri bi 16i hay trong qud trinh déng mé, buém
€16 bi ket khong & vi tri dong hodc mo hét hanh
trinh. Luc nay, hé thdng s& dimg va dua bao
dong cho nguoi khai thac. Trong truong hop vi
mot nguyén nhan, ngudi khai thac khong thé
khic phuc ngay, trong khi d6 van can phai chay
hé théng, khoa diéu khién dugc chuyén vé vi
tri “Manu”, luc nay hé théng s& ngét chirc ning
chi bdo, bao v¢ va hoat dong binh thuong.

Hinh 3. Mach ty dong diéu khién budm gio quat
gid buong may.

Hinh 3 thé hién mach diéu khién buém
gié quat gi6 budng may. Hé thong co hai ché
dd diéu khién, 1 — Auto va 2 — Manu. O ché
d6 diéu khién “Auto”, hé théng su dung mot
xylanh gi6¢ lam co cAu thyuc hién nhiém vu dong
mé budm gid, va duge diéu khién boi van dién
tir “SLV”. Ngudn gi6 cip cho hé thdng duogc
liy tir budng ctru hoa trung tdm (Fire control
Station). Tai vi tri quat gié dugc trang bi chuc
ning kiém tra déng, mé budm gié bao gdm niit
bam kém dén chi bao cho vi tri buém gié dong

va mo. Pic biét, hé théng uu tién theo hudng &
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dong buém gié khi mat ngudn diéu khién dé
tang kha nang an toan cho tau. Trong qua trinh
dong/mé budm gio, sau 15 gidy néu cam bién
vi tri dong md khong phan hdi xac nhan budém
gi6 dd dugc déng/mé. Hé thdng s& giri bao
dong va dimg. O ché do diéu khién “Manu”,
hé thong bo qua cam bién vi tri dong/mé budm
gio.

5. KET LUAN

Nghién ctru di dé xuat va xdy dung
thanh céng md hinh hé théng ty dong d(’)ng/
mo buom gié quat thong giod buong méy nham
khéc phuc cac ton tai phd bién trén tau bién,
gitip thuyén vién dé dang danh gi4 tinh trang
ky thuat cua budém gio, tr d6 dua ra ké hoach
bdo dudng, stra chira ph1‘1 hop ké ca ddi voi cac
quat thong gié duoc 1ap dit & cac khu vuc kho
tiép can trén tau. Trén co s& yéu cau van hanh
va tiéu chi tuan thu SOLAS, giai phap duoc
thiét ké theo hudng tich hop bd truyén dong
khi nén kiéu piston (tac dong don c6 10 xo hoi),
két hop cam bién hanh dé diéu khién hoat dong
cua budm gio va giam sat trang thai theo thoi
gian thyc.

Cac két qua dat dugc la co so dé tién
hanh giai doan tiép theo gdm thir nghiém,
trién khai thi diém trén tau, danh gia do kin
cua buom gidé sau dong, do tin cdy trong moi
truong nhiét—am—mudi, va hoan thién quy trinh
bao dudng dinh ky cho hé thdng.

Loi cdm on:
Nghién ctru nay dugc tai trg bdi Truong
Dai hoc Hang hai Vi¢t Nam trong dé tai ma so
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