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A Study on the Fuel Cell based Small Ship

Propulsion System

Hyang Kweon, Yang

Department of Mechatronics Engineering

Graduate School of Korea Maritime University

Abstract

This fuel cell ship, which is designed and constructed through this
study, is the first ship in Korea to apply hybrid propulsion system based
on fuel cell. And also, Integrated control system, PMS, BMS are
developed to apply the fuel cell based hybrid propulsion system in the
ship.

As the usage of fossil energy is increasing rapidly, the climate change
becomes intensified due to the greenhouse gas. United Nations
Framework Convention on Climate Change adopted at UN Conference on
Environmental and Development in 1992. And the Kyoto Protocol which
includes the detailed implementation plan was effectuated. Even in Korea,
the development of the relative technique is clearly needed because of

the CO2 emission regulation might move back to 2018 faster than
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expected.

The amount of CO2 emission from ships is about 30 billion tons per
year world widely. The ships’, which use fossil fuel, the amount of CO2
emission is about one billion ton, which corresponds to 3.3% of 30 billion
tons. In relation to this matter, Marine Pollution Treaty (MARPOL) has
tightened up. The development of the low-pollution and eco-friendly ship
is urgently needed because the present diesel engines for propulsion

cannot satisfy the regulations of emission.

Due to those situations, many of freight and transportation companies
hastened to develop their technology to satisfy the environment
regulation. Especially on the inland waters of EU, the measure, that make
fossil fuel ships are not allowed to sail, is preparing, therefore the

studies of using electric propulsion system of ship have been continued.

The fuel cell ship is now being used widely in European countries,
where cabin cruisers are used for tourists along the river. The boat may
be used at the center of the city because of no exhaust gas, and also the
electric propulsion system mitigated seasickness, which comes with
vibration, noise, and the smell of gas. So people of all ages and both

sexes are comfortable.

Based on the above advantages, it is expected that the cabin cruiser
ships are sailing slowly for passenger’s pleasure and using as floating

home, café, and restaurant, etc.

Korea should decrease 10% of CO2 emission quantity every five(5)
years form 2015 like 10% on 2015, 20% on 2020, and 30% on 2025. In
some degree, it might be possible to follow the regulation with short and
mid-term plans however there is no way to pass completely the
regulation, which will be strengthening, without energy efficiency and

greenhouse gas emissions reduction technology, and it is urgently needed



to develop related technology and this situation makes us to develop

advanced technology to meet regulations.

Fuel cell is an equipment of conversion from chemical energy of
hydrogen which is main resources of energy to electrical energy. The
electrical energy of fuel cell is caused by chemical reaction between
hydrogen and oxygen and generating efficiency is generally about
30~40%, thermal efficiency is over than 40%. Therefore, it is to have a
high efficiency of about 70~80% and it is expected to replace the existing
heat engines if when it is co-generated. Unlike the heat engines are
based on fossil fuel to generate the exhaust gas which causes
environmental pollution, the fuel cell battery reduces considerably the
risk of environmental contamination because it discharge unreacted water
and air after chemical reaction between hydrogen and oxygen, instead of
exhaust gas. It is easy to operate fuel cell system and maintenance, since

it has no mechanical movement, also it can expect for a long service life.

Thus fuel cell is the eco-system aligned with the international
circumstances and has the characteristic of high efficiency. Many studies
have been made with respect to the application plan and control
direction of fuel cell and furthermore, fuel cell research for the ship is

actively proceeding.

This study is conducted laying emphasis on the commercialization of
the fuel cell ship using the electric power generated from fuel cell as
propulsion electric power. The fuel cell ship can solve environmental
problems by using environment-friendly energy and can make system of
the boat lightweight and simple, because the auxiliary equipment
necessary to operate internal combustion engines, are not necessary. But,
it is very difficult to apply the fuel cell on ships that electric power load
can be changed rapidly because it does not have characteristics to follow

the electric power load variation immediately in a short time. Therefore,
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this study for ship power system as a propulsion system based on fuel
cell that can make ship be operated stably and performed to solve this

problem.

For the purpose this study, it is to compare and analyze the
characteristic of the fuel cell ship by designing and manufacturing fuel
cell and propulsion/power system of hybrid small ship connecting the
battery that can supplement the weakness of fuel cell, by aiming
technical development and commercialization of low-carbon Green Ship

using fuel cell as the main propulsion system.

This study performed the whole system configuration necessary for
operating ship at actual sea state, the hybrid propulsion configuration
and operation program and operation simulation of electric power system
and performance verification and designing and construction of fuel cell
ship.

And also this study propose the operating and control plan of fuel cell
system, through the analysis of actual sea trial result and simulation

data, and subjects to be settled.

KEY WORDS : PMS(Power Management SYstem) X ¢#2] A", Rechargeable
Battery ©]*}%A]; Generator efficiency 7] &-&; Ship Energy Aurollu=;
ESS(Energy Storage System) o|U A A 274
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Table 1.2 Projects for fuel cell ship [16]
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PSS thrust fin
Fig. 1.2 PSS, Saver fin, Thrust fin
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Table 2.1 Ship specifications

Classification Specification
Carrying capacity [person] 50
L.O.A [m] 20
Breadth [m] 5
Height over waterline [m] 3~33
Full load displacement [ton] 30 ~ 32
Max Cruising speed [km/h] 15 (abt. 8 [knot])
Hull Material Aluminum
Propulsion system Water Jet
Fuel cell power [kW] 50
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Stack room volume 11.3m3

Fig. 2.7 Volume of fuel-cell stack room
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<GAMBIT>
- Modeling design
- 2D/3D mesh modeling

‘ ' ( <GAMBIT>
Modeling, Grid - Modeling design

k\j 2D/3D mesh modeling

Grid

2D/3D Grid

<Fluent>

- Mesh data input

- Physical properties input

- Boundary condition input

- Working fluid properties input
— Caculation/Analysis

<GAVBIT> \ _
- Modeling design Grid

- 2D/3D mesh modeling
- 2D/3D complex mesh

Fig. 2.8 Flow analysis illustrates how using CFD
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Fig. 2.13 flowing lines in stack room of outlet forced discharge ventilation condition
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Fig. 2.14 flowing lines in stack room of inlet forced discharge ventilation condition
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Fig 2.15 Vertical velocity distribution in stack room of outlet forced discharge ventilation condition
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Table 3.1 Types and features of fuel cell
Type AFC DMFC PEMFC PAFC MCFC SOFC
Operating N 0 . o _ane N 0 - 0 - 0
Temperature 65~250[°C] 60~120[°C] 60~80[°C] 150~220[°C] | 600~700[°C] | 800~1000[°C]
e . Perovskite
Electrode Trwesglon Carbon Carbon Carbon N’\iléilﬁl oa;(?c(jje c?rer;aelt
. Platinum . . Electrode Electrode
Catalyst Platinum Palladium Platinum Platinum material material
Mobilized o
or | tydeted | Hydrted | mmobiized | IMbild |
Teaiaivie Immobilized on lon liquid molten Perovskite
y Potassium exchan h phosphoric bonate i (ceramic)
hydroxide in g€ exchange acid in SiC | c@roonate in
; membrane membrane LIAIO2
matrix
Charge - * * * 2 2
Carrier OH H H H COs3 o)
Small ol Small-mec?iu Small power | ¢
mall plants m size mall power
Realised o Small plants | Small plants plants plants plants
Power 5~150[kW] N N
modular 5[kw] 5~250[kW] 50[kW]~ 1%?&'/'(\,""\,} 100~250[kKW]
11[MW]
Combined
Space Transportation heat & Combined heat & power for
Application Mﬁitar Space and military power for stationary and for
y Energy storage system stationary transportation
system
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Fig. 3.15 NI-cRIO 9068

Table 3.2 Specifications of NI-cRIO 9068

T4

"_?_
Aoj7]2 AAA NI-cRIO 90682 YERH HolH

5t

) Precision : 200[ppm], 35[ppm] to 25[C]
real-time clock

T A5
Network Ethernet port : 2[eal, 10[BaseT], 100[BaseTX], 1000[BaseTX] ethernet
etwor
, RS232 port : 2[eal
interface
RS485 port : 1leal
Memory Non-volatile : 1[GB], DRAM : 512[MB]
Internal

Power Power supply : 55[W], Power consumption : 35[W],
requirements Voltage requirements : 9~35[V]

Environment Operating temperature : -20 ~ 55[C]

Impact and Random wave (IEC 60068-2-64) : 5[grms], 10 ~ 500[Hz]
Vibration Sine wave (IEC 60068-2-6) : 5[grms], 10 ~ 500[Hz]

W) B4 9 170 2§ 4AA

Compact RIO= AF&A7F ¥3t= AFY S 2 Module(C-Series Module)S %
o FA0] ThsdtEE Al2" FAe 8ol Eoh B = AHEH
2 /O Modulee 8/12 FA=™ Q3 /O 7|4+ Table 3.33 2t}

]

5
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Table 3.3 /O configuration

TE DI DO Al AO
total use total use total use total use
NO. of CH | 32[ch] | 15[ch] | 32[ch] | 20[ch] | 8[ch] 2[chl] 8[ch] 2[chl]
Spare CH 17[ch] 12[ch] 6lchl] 6lch]
[/109] M4 2L A28 =5 H2d & Compact RIOY o]&E 2ES A3}

Atk A= /O Module & A}

o
& Table 3.4°1 A& s+4Th.

Table 3.4 /O Module & Specification

/O Module

Specification

NI-98712 FCS ¥ PMSe} RS-485, RS-422 T4l
= ol8% & A FANIT Hu XTE F=
Mol ZES Hul 3171 tuto]xol AHo] JhE
shok. =3k Hof 2 8(Baud Rate)e 3.6864[Mbpsl7t
A A=A

NI-9870

NI-9870-> BMSe] CAN 2.0B&4l& RS-232¢ &
oz WHasty FAlsly] fste] o]gHT. 2E
= el Hd X HEE£E=+= 961[Kbps]olt.
3t X EY 64B UART FIFO ¥ ¥ WAo] 7153

2

oA

o




/O Module

Specification

NI-98772 A=A Mdute] A" oz AHle
s HAG 92 Z2& A5 E JdD3shr] fstke ol 8=
o 3270 Ad ol&el risstH =¥ APEe=
5~60[VDCloltt =3 g3 Ho) 625[mAlels =
S PSS AYy 12Vl 2 24[V] <t gee
s 38to] 7hsdtthe Aol Udh

NI-9425% & A5 948 2 s 98de
G287 9jste] ol gdTh AHde 3270 Ade| o]
&ol 7hssty &9 AAE A= 5-60[VDCleltt =

2 ®F 37[pin] D-sub AYEHE o] &35t =
4L AU 2w 120v] @ 24v] A
gl z8o] Thssttts Axle] Slth

fo r°"

°

NI-9265= ®#1efze] AsE ALsn F3
EE £E Ao E st olg§HT 479 Ad
olgol 7bsdEl =¥ AEWYE= 0~20(mAlolth
TEZE 100[kS/s]e) FA] ATl EVL 7hsskm 16[bit]
=S 7HA AUFoR AUETF w2 ARl

ATt

NI-9201

NI-9201& g aeizel 2EE YEgits o o]
gath 8 A olgol JHsam A AL
+ -10[VDC] ~ +10[VDCle]t}.
2AH AWZE £52 JpA| L

g M4 YR AUEs

"di’u




/O Module Specification

NI-9482= 318 A7 A8 Sl Dol Z&e]
ol gHtt. F= inverterd run/ stop AEZE HSE
stz 98l A&t oem, 4719 Ad ol&e] Jhs
slm™ 30VDC(1.5[AD, 60VDCI[AD, 250VAC(1.5[AD<]
5ol At

NI-9482

th ¢ Aoyl AA

Ao} 7)ol Eo]Z CompactRIO @ moduled] AA F ZF=YA|oj7]o A EA
£ AAAT the Fig 3162 TdA0719 ASAFTE olth Ases 54l
%9} hardwire 452 EFAG. $A Aoj7] o AFE 5 AA
o2 FAHA o FCSE A7 e = RS-485 FAls F4lsh
cell e, éE—“.”EH AWEGH, F.C olg, WY old, Fx713H, 7171 7]
E, 7171 BA 5 °F 707} F&E9 HolEE FAI%H. 183 PMSE Aol 7]d
o= RS-485%/1\_]% o] &3l SOC 8] 17, UPS oll&, 29| X|(switch) “3el &k
3070, 2=$1#] Ao gk 3070 L8l 7]Ek 7070 d=2] "oy E £, 1

ot

31 BMSE CAN 2.0B B4lE ol &3t A7 o2 dolHE st FAH
= "ol SOC %k 370, pack A<t 167, pack A-F 1678, pack &%= 1671, 7
3 2100, ol 2170, Eele] A, AEeAd Lelal Z1E oF 100749 Hlel
2 £28t HTSE TCP/IP B418 o] 83t A|ojdte)] tlolHE £215tH 83
o4 270, BAaLeE 140 FadAARE U, v R, BE d7 AH, A
ey gs ST

hardwire 2139 A9 FCS+ F.C HYA7F AR F FARSFE FAE0]
Aol Z&2 AA"EY. 18l BMSUH battery FAZANA TR A,
DC/AC A9, Reset A8, T 5 €d, o ¢Fhe Ao 2&£=E A4
123 HTSE WE JfH AR, v R, s, Bagdgduls Ao 2&E= $4
gk 1eal e 7171 @1/\1 Aol F&E£& dAHY. mpAF o2 FHA| 7=
F.C A& H, F.C &/ , BMS SOC%k, BMS ol gk, SW AL, SW %



Bl 4lS, UPS-SOC gk, UPS-dlgigt 8l +4 FE24EHE Ao &2 £4
o}

Signal distribution diagram

COITI munication (M} : Monitoring item
{C): Control item

Fuel Cell Control box BMS
F.C status(M) R3-485 Panel PC CAN 2.0B S0C(M) * 3
Stack status(M) CRIO CAN 2.0B Pack voltage(M) * 16
Converter statusiM) {Control & CAN 2.08 Pack current(M) * 16
F.C errar{M) Monitoring signal Pack temp(M) * 16
Conwerter error(M) process) Warning(M) * 21
Charger status{M) Error{M) *21
FCS start(C ) Relay status(M)
FCS stop(C ) Status request{C )
Etc 70ea. Etc. 100 ea.

PS5 Hydrogen Tank
S0C(M) * 1 RS-485 TCR/IP Tank pressure{M) * 2
UPS error(M) Tank Temp{M) * 14
5.W status(M] * 30 Hydrogen detect{M] * 4
5.W controliC ) * 30 Emergency(C)

Status request(C | Wale Open(C )
Etc. 70ea. Status request(C )

Hardwire Signal
Fuel Cell Control Console Battery Charger

| F.C Power On [Dry Connect A) :a_| T Charge/Discharge select (3-State 5.W)
Extra communication line(RJ 45) RI45 3585 DC/AC select (2-State S.W)
3"5 = Reset (Dry Connect A)
= — Charging alarm (Dry Connect A)
LED. G
Error Alarm (Dry Connect A)
| LEB R
|
HIH & Hydrogen Tank
F.CStart (D.1) = ol Valve Open (Dry Connect A)
EC F.C Error (D.O) ﬁ Emergency (Dry Connect A)
BMS SOC 1,2,3 (420mA) IL—LE-D:E Alarm (Dry Connect A)
BMS BMS Error 1,2,3 (D.O) | = Tank Pressure (4~20mA)
1 auge
5.W Control signal (D.1) * 30 ’_G—g_ Tank Pressure (4~20mA)
B ettt Al s . e T o SRS
5.W Statussignal (D.0O) * 30 =zl
PMS UPS-50C (4~20mA)
UPS-Error (D.0) | KHNT
Hydrogen leak status (D.0O) | inverterand etc.
Hydrogen Tank e —]

Fig. 3.16 Signal diagram
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Table 3.5 Fuel cell signal

A name of . \ . . connection
) Signal(part)function | Signal(part)name | Signal Type )
equipment Equipment
F.C power impression | F.C Power green LED | console
toggle type
F.C power status F.C Power(LED) W console
F.C start/stop F.C Start/Stop push button | main control system
F.C
Fuel cell F.C operating status green LED | main control system
Start/Stop(LED)
F.C Fault signal F.C Fault(LED) | red LED main control system
Self-check  network
RJ-45 RJ-45 console
port
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- RS-485(two wire ®2](TRx+, TRx-, GND)Z 423
- 9,600[Bps], 8 data [bit], no parity, no flow control, 1 stop [bit]

- ABRAA = FIA I FAA I FHE 2Fst HolHE AF &
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THA 7= AEAA wiEHE ¥ FHE 235t HolHE 84 3
- a2 E(ARrEYA o) 7)ol 83 < B(fuel cel)= 200[msle] ol 2% 3

Table 3.6 Communication protocol between fuel cell and central controller

EleA | 0x01 1 byte 314, HEf 2F HY S HiEZ] HoE ME
(REQOOD Bit ;E‘/“] %11]\' HE{2| 2 DEHEAL 0(84h, 1(1ZF
6 1
5 1
4 1
3 0
2 e g WA 1%
1 Wielg ¥ B 1%
0 e g 9 C %
SR | 0xAl status Spower | stack V || ZETA G JEIEA
(RES001) 1[bytel 2[byte] 2[byte] || @ status: 0x00(ERI), 0x01(EHIZ),
stack C Cpower Conv V Ox02(L M Z)0x03(HXIF), 0x04(H| A ALEY),
2[bytel] 2[byte] 2[byte] 0X05(3 T 5)
A| Conv C Templ Temp2 || @ spower(2=Z2): 0~65535 (W]
zbyte 2byte 2DYte || @ siack viaeimety 0 ~ 10000V]
ASHA | 7AHE 2] | Resvl
o 2 ® Stack C(AE4TE): 0~ 1000[A]
1[byte] 8[byte] 2[byte] || ® Cpower(ZIHEIZ2): ~65535[W]
status Spower stack V || @ Conv V(ZAH{E{ T 2):0~1000[V]
1[bytel 2[bytel 2[bytel ® Conv A(AH E{ T 2):0~1000[A]
stack C Cpower Cony V
® Temp? 0~ 255[&
2lbyte] 2lbyte] | 2lbytel |} =" e o 2
B| Conv C Templ Temp2 Temp2(=E2.2): 0~ 255(<]
2[byte] 2[byte] 2lbyte] || @ SETA dj2t: (A= 71=)
AZHA | ABE o] | Resv2 || ® #HE o2 (H 7|%)
o & X QHEE 28[byte]= HURMX| ARE, 7H2L|
1[byte] 8[byte] 2[byte] 28[byte]= B HX|BREO| MEHE
Start/stop 1[byte] EAISID, SF22| 14[byte]=
AC Charge relay 1[byte] STUMOI7ISl SEHE FEAIRCL
DC Charge relay 1[byte] ©® XA 07| SX| AE| EA|
Batteryl Chg relay 1[byte]
] : OX0O(EIXI), OxOF(EH
Battery2 Chg relay 1[byte] Start/stop: 0x00(ZX|), BORETE)
% Battery3 Chg relay 1[byte] ® AC Charge relay: 0x00(off), 0xOF(on)
= Batteryl Dischg relay l[byte] @ DC Charge relay: 0x00(off), 0xOF(on)
[ ] 1~3 Ch lay:
ﬂ Battery2 Dischg relay 1[byte] attery1~3 Chg refay: 0x00(of), 0x0F(o)
@ Battery1~3 Dischg relay: 0x00(off), OxOF(o
71| Battery3 Dischg relay 1[byte] n)
Emergency Stop 1lbyte] || @ Em)ergency Stop: 0x00(3&), 0xOF(Ol &Y
BMS Fault 1[byte] || @ Bms Fault: 0x00(E4)), 0xOF(O] A4t
Error code 1(byte]l || @ Error code (OI21ZE): 0~255(HE 7|2)
E=Ribh 2[bytel] @ =Y 0 ~ 800[V] - big endian EA|
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Fig. 3.18 Communication signal between fuel cell and central controller
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Fig. 3.19 Fuel cell communication program
(W3 |@ rercoma0 ) AIMEA| MH [ Toase | DRINSUURLE
Fuel Cell Monitoring System  power Management System  Power Management System 2 Battery Management Sy: =

Not. CONV. ke [ =7

No.1 DE/DC |!
Converter

No.!chutnsr anfcmm!]!ig: ,_:[
Nol, FC PWR | [”‘" Nol, £C Temp. 2 | [“ ~j|
Nachchtr NotDCchFwR[

NMFCAMP foa 1 No.1 DE/DC Vol | v

Not. i ror | No.1 DC/DC AMP (o

FC 2_Error Conv. Emor2  No2. cow.smu’J—|
No2 |® @ No2DC/DC 5—]

Fuel Cell Converter

BMS BMS

No.2 FC Status | No2 FC Temp, 119€ | Battery Battery Battery
ow |

(53AN296V) (53Ah296V) (S3AW296V)
No2. Fc Temp. 2 12 |

No2. FC PwR || OW

Waming 1 Fault 1

No.ZFCVolL[oV | | NOH.IBSOC @ ]
5 — Waming 2 Fault 4
No2 £c Amp | [0A II No2 oC/pC Vit |10V | Nozussoc L] @
[ [ Warning 3 Fault 3
No2. FC Error | Ne2 De/oC amp 104 | Nosussoc/® | @ @

Fig. 3.20 GUI monitor for fuel cell
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‘Battery Central Controller
~ e CAMN 2.2B
BM 5 BM S to RS 232
Battery Battery
. M -9870
BM 5 [ | BMS e 5 i ¥
Battery Battery v : Communicaton
—— T — mocus
R5-232
Battery
{zzarzss) CAN 2.2B g
BM 5 BM S to RS 232 RS-232
Battery Battery
SR e T
BM 5 5 BMW S a2 miy *
Battery Battery ey . Gom e o
mocue
— T R5-2332
Batt el
';s;.-..—g;‘; S CAM 228 Communcaton
{ : mooue
] BM S BMS BM S to RS 232 RS-232

Fig. 3.21 Communication diagram for BMS

2 Aol BMSOl 2lEel2 diEE 143 g5 A4E HiEg 29& o
g3tk olo] we} A zAE o2 BMSE HE3 B2 FYAN | dAM= 7t
o gt T Z2IS 47 s, 2o FAl Z=IH Jde] ZastA
HAeh 71 H2 fEole EHE FAHANeH ARE wiE e AR

F UAHEE FAAE o Table 3.7 2t B4 T2 EFS JERAT

Table 3.7 Communication protocol for BMS

CAN ID Position Data Type Value Comment
Byte[0] Uint8 0xF1 STX
Bytel1] Uint8 0x30 CMD
Bytel2] Uint8 1~4 MasterNumber
0x0011F4F4 ,
Bytel3] Uint8 1~16 SlaveNumber
Bytel4] Uint16 Datal.ength




Bytel[5]

Maximum

Bytel6] Uint16 batter cell bit per
Y Y 0.001[V]
voltage
Bytel[7] 0~5.000[V]
Byte[0] Minimum
i battery cell | bit per
Uint16
Byte[1] voltag el0.001V]
0~5.000[V]
Bytel[2] Minimum
000 L2 AE Byte(3] battery cell
X
Bytel4] int16 Temperature bit per 0.1[C]
Bytel5] -20.0[C] ~
100.0[C]
Bytel6] Bank total
Bytel7] Uint16 voltage bit per 0.1[V]
0 ~ 6000.0 [V]
Byte[0] Current value ,
. bit per 0.1[A]
Bytel1] int16 ex)-200.0[A] ~ Che(+) Deha(-)
200.0A] Se
Byte[2] SOC bit per 1%
0x0013F4F4  "Byte[3] Status
Byte[4] : Warning Status
Byte[5] N | Fault Status
Bytel6] reserved
Bytel7] 0xF4 ETX
Byte[0] 0xF1 CMD
Byte[1] Uints 0x30 MasterNumber
Byte[2] mn 1~4 SlaveNumber
Bytel3] 1~16 DataLength
0x0001F4F4
Byte[4] Uint16
Bytel[5]
Byte[6] . 0x00 data
Bytel7] Uint8 0xF4 ETX
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Table 3.8 Communication signal between battery and central console

Equip Signal function Signal name Type Connect to
No.1 pack SOC SOC 1(KAE-50) 4~20[mA]
No.2 pack SOC SOC 2(KAE-50) current
No.3 pack SOC | SOC 2KAE-50) g dicator Central
Battery No.1 pack error Error 1 controller
No.2 pack error Error 2 Red LED
No.3 pack error Error 3
BMS 9 On/Off BMS On/Off Toggle S.W Console

of

BMS&= FdAIol7]ef B4lo® BE HolEHE 48, TdA 7= AHEA
7F Bop "HelskA Adake] el 2O wiE e ZHE I ¢ J=E &
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o HeReHsHo RN} e T-E 0] Serial Settings Number of Bytes at Serial Port 2
L
ud rate G Bytes at Porte ] l
! 00000000 00000000
B
. [>>Data List>>
Data_1_t HE §71 1. 50C(0.1)
2 Waming
3. Fault
= E TR RBMS 1 Faul], e l4. P_Voilt(0.1)
: 5. P_Cum(0.1)
Faut 17 6. Max. Cell Volt0.001)
7. Min. Cal Volt.001)
VR ave sod] ] 18. Ave. Cell Volit(0.001)|
= ) 9. Max. Cell Temp
BMS Warning 10. Min. Cell Temp
iR 1. Ave. Cell Temp
BMS Fault 12. Warning 1
@ 13. Warning 2
14, Fault 1
15. Fault 2
16. Ref. Volt.
b 17. Cel Diff.
a
3 _ z
TETEOEOE FEFOETEE Sefial Settings:Number of Bytes at Serial Port 3
5
[ ASRLS-INSTR mJ S i“?;!
Fe1 Bytes at Port) ]
0000000 iOoopoooot
Data 2 1 HE 5712

MR RT_BMS 2 Faul], E‘

12

BMS Warning 2

BMS Fault 2

CO000000 O0000000
=
ASRLIONSTR =) ¥ st 3 e [ aagus
LO000000 S0000000
MuRs 3.Du],

Data 3!
{6=2]

45 5713

[ % RT_BMS 3 Faul],
|Fault1 173

7

B2

-8

Fig. 3.23 BMS data communication program
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Connect to
Console

UPS A

Qg
Type

4-20[mA]
Currrent indicator
Red LED

Toggle S.W

=
T

T35 Aolel m

DC/DC
Converter
UPS SOC
UPS Error

1]

=~

Auto/Manual
UPS On/Off
UPS 220[VAC]
UPS 24[VDC]

Signal name

=

PMSe] A=
UPS On/Off
UPS 220[VACI]
UPS 24[VDC]
DC/DC
Converter
UPS SOC
UPS Error

[e)

UPS Auto S.W

Signal function

Equip
PMS

Table 3.9 PMS communication signal
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Response Data
Description
Name ACK Parameter | size(Byte) | Type Value
[0000]=PMS OFF
[00011=PMS Idle (PMS Init)
[0010]=Stand-by Mode (STBY)
[0011]=Ready Mode (Key-1)
Bit[3:0] : PMS Mode [0100]=Starting (System-On Sequence : Key-2)
PMS Status 1 uos [0101]=Normal mode (Status)
[0110]=5hutDown (System-Off Sequence)
[0111)=Halt
Other = Reserved
Bit 4 : PMS/UPS Control Mode | 0-Manual, 1-Auto
Bit[7:5] : Reserved =
Bit-0 : PME Error 0=OK, 1=Errer (Main & Sub-PMS Communication Error)
Bit-1: UPS Error K. 1=Eror (BMS-UPS Communication Error)
PMS Error Flag 1 uos | Bit-2 :1AS Error 0=0K, 1=Error (PMS-Central Controller Communication Eror)
Bit-3 : MC Error K, 1=Error (Error on any MC) )
Bit[7:4] - Reserved ,
[00]=Standby mode
Bit[1:0] : UPS Control mode R1EDkscherging/moade
[10]=Charging mode
[11]=Reserved
o i g |2 UPS DC/DC State 1=0n (DC Charger)
Bit-3 : UPS AC220V State 0=0ff, 1=0n
Bit 2 - UPS DC24V State f, 1=0n
Bit-5 : UPS DCI2V State, 1=0n
Bit-6 - UPS DC340V state 1=0n
(p:ﬂfz&us — Bit-7 : DC Charging State. 0=Not-Full, 1=Full-Charged
request/response) Bit-0 - UPS Low Power 0=0K, 1=Waming (by Low Battery)
Bit-1 - UPS DC12V_24VErar i, 1=Eror
Bit-2 : UPS DC/DC Error 0=0K, 1=Error
UPS Error Flag 1 uos
Bit 3 : UPS DC/DC Error 0=0, A=Error
Bit4 : UPS DCJAC Ermor 0=0K, 1=Eror
Bit[7:5] : Reserved
Bit-0 : DC M/C #1 State
— . yso | 1 DEMC#2 state
Bit-31 : DC M/C #32 State 1=0n
8it-0 : DC M/C #1 Error 1=Error
v n ¢ s | ®t1:DCM/CEREnor i, 1=Error
Bit-31 : DC M/C #32 Error 0=OK, 1=Emor
Bit-0 - AC M/C #1 State 0=0ff, 1=0n
"\ -~ o o | _FL AC M/C #2 State 0=0ff, 1=0n
Bit-7 : AC M/C #7 State 0=0ff, 1=0n
Bit-0 - AC M/C #1 Error 0=0K, 1=Error
X Bit-1: AC M/C 22 Error 0=0FK, 1=Error
AC MC Error Info 1 uos
Bit-7 : AC M/C #7 Ertor 0=0K, 1=Error
UPS SOC_PER 1 uos | 0~ 1000%) UPS SOC(3%) Information
UPS_SOH_PER 1 uos | 0~ 1000%) UPS SOH(%) Information
UPS PACK VOLT 2 uis | 0~ 10000v) UPS Battery Voltage (1V)
UPS PACK AMP 2 516 | -1000 ~ ~1000(A) UPS Battery Current(1A)
MODEL s Char | 'String’ UPS Model Information
PRODUCT 20 Char | 'String’ UPS Product Information
5VS_POWER 4 uz2 UPS Power Information
0P_MODE 2 u1s UPS Operating Mode
soc 2 u1s soc
SOH 2 [ SOH
PACK_TEMP 2 516 | 100~ 100 Q) UPS Temp (1°C)
RES002 PACK_POWER 4 532 Pack Power (1W)
(UES Staliig oxa2 PACK_VOLT 4 us2 Pack Voltage (10mv)
b h PACK_AMP 4 532 Pack Current (10mA)
AC_OUT_VOLT 2 s16 UPS AC220V out V.
AC_OUT_AMP 2 u1s UPS AC220V out A
DC_IN_VOLT 2 u1s UPS DC340V In V
DC_IN_AMP 2 u1s UPS DC340V In A
CUR_STATUS 2 u1s Present Operation Status Bits
SET_STATUS 2 u1s Control Management Status Bits
ERR_STATUS 2 u1s Error Check Bits
RES003 0x83 MC_No 1 uos 0x01(1d) ~ 0x28(20d) MC DC(1~32), AC(33~40) On
RES004 0x84 MC_No 1 uos 0x01(1d) ~ 0x28(40d) MC DC(1~32), AC(33~40) Off
RES005 0x85 UPS_Dev_No 1 uoe | 1-De/De Charger, 2=Ac220v, | UPS Device On
RES006 0x86 UPS_Dev_No 1 uog 3=DC24v, 4=DC12V UPS Device Off
RES007 0x87 SW_No 1 s 0x01(1d) ~ 0x10(16d) MC Group Switch On
RES008 0x82 SW_No 1 uoe 0x01(1d) ~ 0x10(16d) MC Group Switch O

Fig. 3.25 Communication protocol for PMS



Fig. 3.26 Load analysis of ship(1)
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Fig. 3.27 Load analysis of ship (2)
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Fig. 3.28 UPS capacity calculation based on ship load analysis
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Fig. 3.29 Operating procedure for fuel cell ship
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Fig. 3.32 Control diagram of propulsion system
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Table 4.1 Specification of DC/DC converter

Classification Input Output
Rated voltage DC 105[V] DC 330[V]
Rated current 260~284[A] 76[A]
Operation input voltage DC 88 ~ 150[V]
Operation input current 0 ~ 280[A]
Control method output voltage control
Switching frequency 36[KHz]
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Table 4.2 Specification of battery

Rated out voltage DC 296[V]
Operating output voltage DC 240 ~ 336[V]
Constant charge 0.5C(20[AD
Peak discharge 3[C]
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