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TOM TAT: Do tac déng ngay cang tang cua khi
thai tau thuyén déi vdi maéi trudng va cac bién phap
phong nglta theo quy dinh hién hanh do T chuc
Hang hai Quéc té (IMO) dua ra nham gidm dang
ké, viéc phat trién tau chay bang hé théng déng luc
dung ngudn ning lugng hybrid da dugc coi la mot
khai niém duoc dp dung dé dat duoc muc tiéu dé.
La mdt céng nghé day hua hen, viéc s dung cac
gidi phap thay thé céng nghé nhu pin nhién liéu,
pin va siéu tu dién cung vdi viéc st dung nhién liéu
thay thé khéng carbon nhu hydro (H,) va amoniac
(NH.) lam ngudn nang lugng chinh. Bai bao dé cap
dén mot s6 thach thuc tién tién lién quan dén tau
khong phat thai di bién dé dat duoc van chuyén
khéng phat thai, dua trén cong nghé lién quan dén
tau hybrid va chay hoan toan bang dién, tau khéng
phat thai carbon nhién liéu thay thé. V& mat nay,
qua trinh chuyén déi t hé théng déng co day va
phu trg dua frén nhién liéu hoa thach sang khai
niém tau khéng phat thai cé lién quan dén nhing
thach thic nham vuot qua nhu cdu vé mat dé nang
lugng ddi véi cac ngudn nang luong thay thé mai
nay so vdi cac lya chon nhién liéu hda thach hién
tai. Qua trinh chuyén ddi nén xem xét budc dau
fién trong viéc két hop hé thdng dédy va hé théng
phu fro clia cac tau hién cé dé cé co sé tién téi cau
hinh khéng phat thai cho cac thiét ké mai.

TU KHOA: Dong co lai, hé théng hang hai, luc dy tau.

ABSTRACT: Due to the increasing impact of ship
emissions on the environment and the preventive
measures of current regulations introduced by the
International Maritime Organization to significantly
reduce them, the development of ocean-going all-
electric ships has been addressed as a concept
applied to achieve it. Being a promising technology
considers the use of technology alternatives
such as fuel cells, batteries, and supercapacitors
together with the use of zero-carbon alternative
fuels such as hydrogen (H,) and ammonia (NH,)
as main energy sources. This arficle addresses a
state-of-the-art on several challenges related to
the ocean-going zero-emissions ship to achieve a

zero-emissions shipping, based on the technology
associated with hybrid and all-electric ship and
the zero-carbon fuels alternatives. In this respect,
a transition from fossil fuel-based propulsion and
auxiliary systems to a zero-emissions ship concept
are related to the challenges to overcome the
needs of energy density for these new alternatives
energy sources compared to current fossil fuel
options. The transitional process should consider
a first step of hybridization of the propulsion and
auxiliary systems of existing ships to get a baseline
fromm where to move forward to a zero-emissions
configuration for new designs.

KEYWORDS: Hybrid propulsion, marine system,
ship propulsion.

1. DAT VAN DE

Van tai hang hai chiém 2,8% lugng khi nha kinh va khi
thai 6 nhiém toan cau, tuong duang véi khoang 940 triéu
[tan] lugng khi thai carbon dioxide (CO,) hang nam, lugng
khi thai gay 6 nhiém tuong duong véi CO, cho udc tinh
nay. D€ so sanh, chi riéng khoadng 15 siéu tau I6n nhat da
gay 6 nhiém tuong duong 760 triéu 6 t6. Khi thai chinh cta
van tai hang hai bao gom CO,, nita dioxide, sulfur dioxide
va cac chat dic biét. Van chuyén quéc té chiém 87% lugng
khi thai CO, trong véan chuyén, tiép theo la van chuyén noi
dia vai 8% va danh bat ca véi 5%, v6i muc tang trudng udc
tinh vao nam 2050 la 50 - 250% lugng khi thai.

Nhiing lo ngai ngay cang tang lién quan dén viéc s
dung lién tuc nhién liéu hoéa thach trong cac hoat déng
van tai hang hai da dan dén nhu ciu chuyén déi tu hé
théng dong ca dua trén nhién liéu héa thach sang cac khai
niém hé théng déng co hybrid va dong co chay hoan toan
bang dién khac nhau, tich hgp nhién liéu thay thé ti cac
nguén nang lugng tai tao (RES) c6 ham lugng carbon thap
va bang 0.
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2. MO HINH PONG HPS

Nhu da dé cap trong phan gigi thiéu, mé hinh déng Simulink cho phép ching t6i mé phong va sau dé phan tich hoat
déng ctia HPS trén mét chu trinh lam viéc that su. Dong thdi, mé hinh cho phép chung t6i déanh gia cac dac diém vé diéu
kién van hanh tuc thai cia hé théng déng co hybrid, vé trang thai sac pin (SOC), muc tiéu thu dong co, hiéu suat, van téc
goc truc khuyu... V& co ban, moé hinh dugc chia thanh thanh hai khéi chinh: Phan “déng co dét trong” va phan “bé pin”.

2.1.Khdi déng co dét trong

Mé hinh ICE dugc phat trién trong méi trudng Simulink d€ mé ta dac tinh dong clia né thay déi theo cong sudt yéu cau.
DPong co dugc méd hinh hda bang mé hinh gié tri trung binh chu trinh cling véi cac phuaong trinh vi phan dé tinh téc d6 truc
khuyu déng co va téc do truc tang ap.

roup 1
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_ To Workspace
Ciclo grotta Azzurra M_load N_eng 4
m Propeller Load

To Workspace

11300

engine
initial

Shaft dynamics speed

tubocharger ntc_0 ' _/ i
initial speed
Saturation
15 throttle_angle

throttle angle throttle_angle

N_eng

Hinh 2.1: Téng quan mé hinh

Dau vao chinh ctia mé hinh la chu trinh lam viéc dugc chi dinh Hinh 2.1. N6 dugc ap dung duéi dang téc dé quay clia
truc khuyu déng ca. Trong loai ting dung nay, dugc lién két truc ti€p véi cong suat yéu cau cla chan vit. Nhu cau tai nay
cling bao gém hiéu suat truyén doéng ca hoc la 98%.

Haon niia, trong budc mé phong dau tién, mé hinh can téc dé quay truc khuyu ban dau va téc dé quay cla truc tang
ap vugt qua gia tri ban dau cta bo diéu toc. Sau moi lan [ap, mo hinh sé tinh toan cong suat va mo-men xoan dugc cung
cap tuc thai.

Mét mé ta téng thé vé cach hoat ddng clia mé hinh dugc cung cap dudi day. Trong phan tai liéu sé sung, cac phuong
trinh quan ly, tting khéi dugc mo ta va thao luan.

G 1an 1ap dau tién, mo hinh so sanh gid tri ban dau cda tc d6 truc khuyu déng co véi gia tri da dat dé xac dinh, thong
qua hé théng con Pl (tich phan ty &), géc diéu chinh toc d6.

Xem xét théng s6 nhu vay cung véi téc dé truc khuyu cdia dong co va mc tiéu thu lién quan & ché do day tai. Gia tri
nay dugc st dung trong hé théng “xi-lanh” cing vé&i thong tin vé dp suat va nhiét do trong dudng 6ng nap (dugc tinh trong
“Hé théng may nén”), dé xac dinh cdng suat va mo-men xoan.

Céac théng s6 tinh toan khi két thic qua trinh chéay dugc khai thac trong khéi “tua-bin” dé xac dinh mé-men xodn do
tua-bin sinh ra trong 8ng xa. Ap dung dinh luat bio toan mé-men déng lugng, gita mé-men dugc may nén hap thu va gia
tri ban dau clia téc dé quay cta bo tang dp sé thu dugc mot ché do quay mdéi.

Hinh 2.2: Chi tiét khéi ICE
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Tinh hop |é cla cac két qua md phong dong da dugc
xac minh dya trén d liéu dugc ghi lai tai ban thir nghiém,
dac diém cta hoat dong trong diéu kién ding yén. Do do,
céc bién dé&i tiing budc vé téc d6 quay cla truc khuyu can
thiét dé dap ung cac diém lam viéc dugc thr nghiém tai
bang thi nghiém dugc dp dung lam dau vao mé hinh.
Trong mo6 phong nay, déng co hoat dong & muc day tai.

Hinh 2.3 thé hién su so sanh vé mat téc dé truc khuyu
gita gia tri tinh toan (nét dut) va budc ap dat (nét lién).
C6 thé thdy, sau mét thai gian ngén ban dau, déi véi méi
budc, mo hinh sé dat dugc ché do xoay ap dat. Do léch ban
dau nhd 1a do mé-men ham lam can trd su thay déi téc
d6 va do phan tng khéng tuc thdi cta bo diéu khién PI.
Han nita, Hinh 3.2 cho thdy su so sanh gilta cac gia tri mo
phong va thi nghiém cda cdng suat va mo-men xoan. Sau
mot thai gian rat ngan, cac gid tri dugc tinh toan van tring
khép véi gia tri thi nghiém.

Crankshaft speed (rpm]

Hinh 2.3: So sanh giia téc dé truc khuyu duoc dit (dau vao)

va tinh toan (dau ra)

TU nhing diéu trén trén, c6 thé ndi rang mé hinh thé
hién gan didng hoat dong thuc té cla ICE & muc day tai.
Két qua nay cho phép ting dung mo hinh vao nghién ciu
trudng hgp vai d6 tin cdy cao vé dé chinh xac cta két qua.

2.2. M6 hinh khdi pin

Mét méd hinh déng cla bd pin da dugc phat trién dé
phan tich hanh vi nhat thai cta no6 trong HPS. Trong mét s6
théng s6, mé hinh nay danh gia dac diém nguén dién dén/
tur pin va do d6 lugng nang lugng dugc luu trit va phan phoi
dén déng co dién trong mét hodc nhiéu chu ky lam viéc.

Cac tac gia da diéu chinh mé hinh & cac céng trinh
nghién cdu trude day. Cu thé, dung lugng Q (Ah) dugc dat
dé xac dinh xu huéng SOC clia pin theo ddc diém ctia bang
dir liéu pin. Cu thé, dién ap mach h& (Vocv), su thay déi
dién trd trong trong qua trinh sac (Rch) hodc phéng dién
(Rdis) dugc st dung dé moé ta hoat doéng cla pin.

Trong md hinh nay, dong dién (Ibat) va dién ap (Vbat)
dugc dac trung nhu sau:

int

Vbat = Vocv — Rpatlpat M
Vocv — 1}Vuzcv - 4Rli)TzlzttP
Thne = : )
‘ 2Rpge

Trong dé: P - Cong suat can thiét/dugc nap cho pin.

v _{ Voewe = f1(80C), Charge
°Y " Voewa = f>(S0C), Discharge’ (3)

Rint :{ R.p = f5(S0C),Charge
bat ™ |Ryis = f2(SOC), Discharge’

Cac phuong trinh (3) va (4) dugc thuc hién bang cach
st dung bang tra cttu dua trén dir liéu thuc nghiém.

Xu huéng Vocv va Rint cla pin LFP dugc bao cdo. Viéc
xac dinh SOC dugc thuc hién nhu sau:

(4)

61 (5)
SOC = SO0C;p; — S‘”
Va:
UOCU
0., = ——,charge
o Vocv — IbatRch (6)

0=
_ Vocv — IpatRais

O4is = ,discharge

vOC‘U
Trong d6, SOCini la gia tri ban dau clia SOC va Q [Ah]
dai dién cho dung lugng pin. Trong nghién ctu hién tai,
dung lugng pin va cong suat luu trir danh nghia dugc dat
nhu dugc chira trong Bdng 3.1.
M6 hinh pin Simulink dugc hién thi trong Hinh 2.4.
Cu thé, cac dac tinh clia pin (dién ap mach hé va dién trd
trong) dugc trién khai trong ti€u khéi“Battery Imare”,

E] EW) g @ ::%« :1;] ‘ T = E
‘“@W* Jomsmad ﬁ» -
Hinh 2.4: M6 hinh pin
3. MO PHONG VA KET QUA

3.1. K&t qud mé phéng HPS: Giai doan day ICE

Dugi day trinh bay cac két qua mé phdéng duac thuc
hién trén dong ca diesel trong trudng hgp cau trac hybrid.
Hinh 3.1 cho thay két qua dau ra cia mé hinh vé téc d6 quay
cla truc khuyu va cong suat dugc cung cap trong trudng
hop, nhu mot moé phong so bo, bo pin khéng dugc sac.

i ftspeed rpm)
IEEREERRE]
gii
i1
if
H §
]

=

Time (21

Hinh 3.1: Chu ky Iam viéc khéng can sac pin
C6 thé thay, xu hudng téc do dugc tinh toan tuan theo
xu hudng ap dat va khéng c6 sai lech dang ké trong toan
b6 pham vi hoat dong. Phan duy nhat ma hai xu hudng
phan ky tuong ing vai téc do toi da.
3.2. K&t qua mé phéng HPS: Pha day dién
Trong cac mé phong nay, dau vao ctia mé hinh la cau
hinh tai dién dugc hién thi trong Hinh 3.2. D& phan tich
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hoat déng cta bo pin, cac giai doan sac trong qua trinh di
chuyén da dugc thém vao dudng cong tai.

—— Charge Power: 18 kW
===== Charge Power: 11 kW

Load required (kW]

Time [s]

Hinh 3.2: T3i d3u vao cda bé pin

3.3. Nhiing can nhic sau hon vé két qua mé phéng

Cac két qud thu dugc ciing c6 thé duoc khai thac dé
danh gia nhing lgi thé cta viéc ap dung cdu truc lai vé
mat Igi ich mai trudng va hiéu qua téng thé ctia hé théng.
Dong co ddy lai cho phép diéu huéng va di chuyén trong
cac cang va khu vuc dugc bao vé & ché do hoan toan bang
dién, khong phat ra am thanh va chat gay 6 nhiém. Hon
nira, diéu nay dat dugc véi nhiing Igi thé hon niia vé viéc
gidm tiéu thu nhién liéu.

Dé& dinh lugng nhing lgi ich do HPS mang lai, do hiéu
sudt trung binh cao hon, trudng hop tham chiéu dugc thé
hién bang viéc sir dung déng ca diesel dé bao trum toan
bd chu trinh lam viéc dugc xem xét. D& dat dugc muc dich
nay, mot moé phdng da dugc thuc hién dé xac dinh muc
tiéu thu nhién liéu cu thé t8ng thé va trung binh trong mot
chu ky.

Tét ca cac dirliéu thu dugc dugc thé hién trong Bdng 3.1.

Bang 3.1. So sanh murc tiéu thu cu thé

o, Average
Architecture | Fuel Ad?:'l:'eﬁ"al PE?";f"er Specific
9Y | Consumption

(kg) (kWh) (g9/kWh)
Only Diesel
Engine - - 82.7 230.1
19.03
HPS with 10.8
kWh battery | 14.6 0.36 827 225.7
18.305
HPS with 18
kWh battery 0 0 82.7 228.6
18.91

So sanh muc tiéu thu cu thé tir bang nay cé thé suy ra
rang cau trac hybrid chac chan co lgi thé vé mat tiéu thu.
Trén thuc té€, n6é cho phép cung cap nang luong dugc tao
ra khi van hanh hanh trinh va do d6 dudi hiéu suét cao cla
ICE, & cac ché d6 van hanh khéng & muc t6i uu. Hon nia,
hiéu suat ICE & t6c dé hanh trinh tdng nhe do tai hoat déng
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dé sac pin cao hon, nhu dugc chiing minh bang di liéu
tiéu thu cu thé da thao luan truéc dé.

Nhing gi dugc néu & trén lam cho kich thugc HPS
trong hoat dong nay hiéu qua hon déng co ddy thu
nhiét, mac du hiéu suat thap han 1, mac du cao, dang
dugc xem xét d6i vGi bod pin va may dién dugc thém vao
chudi hiéu suat.

4. KET LUAN

B6 pin 18 kWh (mé-dun 60 Ah) c6 thé cung cap cong
suat khai dong cao hon va kha nang tranh phai sac lai
trong thai gian lap ghép, nhung mat khac, giai phap nay
dat hon va nang hon.

T quan diém nang luong, viéc ap dung cau trac hybrid
da dan dén su cai thién hiéu suat téng thé ctia hé théng
dong co trén tuyén dudng dugc xem xét. Lién quan dén
muc tiéu thu cu thé, viéc ap dung HPS cho phép ching téi
giam khoang 2% trong trudng hgp bo pin 10,8 kWh d6i véi
truding hop chi c6 ddng ca diesel dugc thiét ké dé di trén
toan tuyén.

L&i cdm on: Nghién clu nay dugc tai trg bgi Truong
Dai hoc Hang hai Viét Nam trong Dé tai ma s6 DT23-24.45.
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