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Abstract : Recently, the carbon neutrality policy has been sensitive to environmental issues worldwide. Hence, to solve this
problem, it is shifting to two trends: battery and hydrogen-electric vehicles. Hydrogen-electric vehicles have smaller batteries
than battery-electric vehicles, reducing vehicle weight, which is advantageous for long-distance driving. In addition,
hydrogen-electric vehicles are applied to medium and heavy-duty commercial vehicle due to their fast charging speed and
high weight loading. Vehicles using hydrogen as fuel utilize PEMFC-type fuel cells with fast starting characteristics and
responsiveness, but multi-stacks are applied with high required power. However, the fuel cell stack generates a significant
amount of heat while driving, and if proper heat management is not performed, the stack performance will be reduced and
damaged. Therefore, the thermal management system and control for thermal management are inevitable.

Hence, this study developed a battery-fuel cell hybrid hydrogen-electric truck system model using MATLAB/Simscape™. In
addition, a Power Management System(PMS) was created to confirm the behavior according to the driving cycle.
Accordingly, we compared and analyzed the fixed fraction constant, On/Off control, and rule-based control of the three-way
valve among the thermal management systems with changes in the load of the fuel cell.

Key words : Hybrid system(3}0] B.2] = A] 2~ &), Multi-stack(t}5 2~8), PEMFC(2Lw-A} A& 2 2 o 2 71 A]), Power
management system(Z 2 2] A]2~8), Thermal management system(& 32| A] 228, 3 way valve(3HaF i H)
Nomenclature
A : active area, cm’ P : power, kW
F : faraday constant, C/mol P : pressure, Pa
F : force, N Q : heat transfer, kW
Cutio - gear ratio, - R : ideal gas constant, J/K - mol
i : current density, Alem’ r : radius, m
m : mass, kg T : temperature, K
n : number of cells, ea A\ : voltage, V
NTU  : number of transfer unit, -
“Corresponding author, E-mail: hjyt11@kongju.ac.kr
I'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

809


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2024.32.10.809&domain=http://journal.ksae.org/&uri_scheme=http:&cm_version=v1.5

Ho
oz
rel
9
P
of

Subscripts e W2 F5ds AL £ 1A B ke st
act  :activation £ FAHer sfMsiglon, Ayt ow HPG &
con : concentration ol mlel =3 frsgol Sk A wRlolA] oA
elec  :electric S EIakolet. Satishe} Lu'= 28] A& 913 &
FC - fuel cell A A %EU]L =) A 2 vA gEE 5 ol
Hy : hydrogen TeaTt 28 Al sl A Al e Al
0, - oxygen AleFAtE Wang 592 Matlab/Simulink®2 A}-&8}]
ohmic : ohmic PEMFC®| €4, 717]5}8H4] Rels 7§k} gl 0™, Fuzzy

: i control rule ©]-&38}] 28 0] 25 FA38IT) Daniel
ram . ram air 1:16) o 3 kW-/] oﬂg_zq;q }\]/‘\Eﬂ %71—7;” nd % :rL,_jTg]_

L M2 o AuAA ] LALEE Alojay] 98] W7t fEe

S &F ool ditHow gy oA x| E’Vi@% PI 101 715 H-833h Saygili %El ;ﬂe—_i;kw
Ao ols 87 ool ojek AAA BAle oplar L MrCel i sl OVOf SESEPL Aol 1 il

o
K
N AmdA o] A5 L Aojahs AkS Alekaioick
B12 ololl A1 2 vhelel A 87 S AE AAS iy A
7¥ o
S

5ha}31 310 aag o2 tlga] 9e 4 : 3
A7) ApsAtel] v gk A7 €hbs] o] Fojx]ar glrk*® 6 =i Ho TRE - = wa
ANk T A7t tiFte k. =gk i gl E 3
T A7) AT AL s A A= wE AlFAd 2 o aen = _
! gk AA stojB = Aj2Elo A o] 2B viE S &
%DL/\‘] la %E%%O ]:}C}:?—]: 7(]—7(4 Oi EH_H?—% O_Zz] [e) =] - 1:1 i s - [e]
i Ao Yot A9l Ao #ek A= vl
PEMFC(Polymer Electric Membrane Fuel Cell) E}]2] <1 H]H] & 4 A o] o},

A4 7} A} sk o]g] st Aol = Babar
A A Skl M2 A=A F9 4 G829 v
# o) Ex o= ols _Lgé,ﬂ gl A HAe] aes
9Ad 3t 5= Qlrh= &k A o] 9lt) 3

,‘]

]
wpebA] 2 ATl A= v E E] - ARdA] stelBRe =

lo

=
oflt
_>,L'
ot

lo
B

R
Xcient 4> 717] B8 RS 7|Wto 2 HElg salka)
{Eat

K
= AT} B Lol A AjukE A AEl male o W e A
_ = AR U = i= = = =X s 12
Zpge] vlsl A AF{ A SHEEA 1EHS 2 J) @ Aok eier T cloral Bald wolelSo] Adt
T3 =i =a = AR A
0}47] Mol S G Tade oAV I Nagon weln Amdenel pHol golw
- 40| 1 A = o ¢ I1F] E‘ = -
] H‘T 01 E]’ [q'al' 1 BT ° 0]’ - 5 Matlab/SlmscapeTME o] 83} A 6]—9,\ Nury 9
WP 2elE) Roel Be A NEHUA 18 e
o] vhek 2ol 3k Aahe] Al gl b gz,
ARete 5 9= U 228 A 2lo] ALgEolA 3 9] -
. e 3k e grooly B Wzt o 53l
3ol g A ARHA v 28 2 EY | . _ ]

Q3 = A 62 Hreldl 2= o] o o, S5k 31 MAB.9] Rule-base Alo] 222 /RS
'Eoﬂ g ﬂLTEEE SCEREY T U E Uﬂ%ﬂﬂ- o= iﬁ7]EaA]i@%;ﬁLmE§§
7] o ) 2= & r &) 2= ek
Jz Al&E B A7) 7 B A ol u) Bk o i} &< bl 2 do]E] 7] uk 28 Alo| 2 Eal Wzt A
= el =
FHem ALAAA MEE AR EE FUA g 4y e men ) v s,

o x| =t, o] & ujste] Aofetr] 915k A= whe] Al

Blo] Mgo] o] ol xof Gk, b AmlA 2ulg

gjoll 287 915 A7 AF7E B3] o] Fol 2. A2 74

#] 31 9T}, Sondos 5108 Thek ~E19] X 7]4 wjPo| u} T A7) B A28 Fig 13} ko] A3t

2 2" a8 % 9 Soll g d&Fe E4sielth T4 7] EY A|2F 2ES Hyundai®] Xcient £ 5

Marx 5'0& Cheh 28le] @41 A G2 R A% el @S N R 90 kWi AR 28 2719} 24 kwhi

Tz 2 s A AE WSkl wlEl2] 370, 350 kW/2,237 Nm+ 2EHZ 7438k
wol 2ele] g L s, B8 R 4R Y I ARG 28 LG 98 o R 87 B

@54 aQlow ~Ee] 2w P2 oG d Bl A, G welA, 4714 A5 WS 913 DCDC AN E

o Aojo] tal B 77} ol ROl ATk Arash 23 W AN, A £AE A NE), A% 0L s

7HA @ el w420 vtolEet ol E RdlS St dao® o= A9 Ads] Bulstr] gk d el Al

o Gogel w2 W7t Ak A48T Seung 5P 6 2807 A8tk

810 =2zt =27 A2 AH105, 2024



Simseape 7|9 £4 7| £21 Gp2|S I3 L5t WI0| G2 3 Way-Valve HOIZ! It

{ Load | Puu [

Profile | §

Power Management System]

Fuel Cell Prc I [ Pha
Controller

Proaa

Uni-Directional
DC-DC Converter

Puatarac
RPM, Torque

Electrical Power RPM, Torque
Signal Exchange Driving
Mechanical Connection Wheel

Fig. 1 Hydrogen electric truck model schematic
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Fig. 2 Hydrogen two-stage pressure reducing system model

Table 1 Fuel processing system specifications

Parameters Value
Number of tank [ea] 7
Hydrogen tank pressure [MPa] 70
Hydrogen tank temperature [K] 293.15
Hydrogen volume in single tank [L] 80
Hydrogen mass in single tank [£g] 4.5
Mole fraction of hydrogen in tank [-] 0.9997
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Fig. 3 Polarization curve characteristic of single fuel cell
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Table 2 Battery system specification

Parameters Value
Nominal voltage [V] 630
Energy capacity [kWh] 24
Number of battery [ea] 3
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Fig. 4 Characteristics of the battery with current
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Table 3 Xcient vehicle specification

Parameters Value
Vehicle mass [kg] 28,000
Tire rolling radius [in] 11.25
Tire rolling coefficient [-] 0.008
Air drag coefficient [-] 1.15
Vehicle front area [m?] 2.54*3.73
Gravitational acceleration [m/s?] 9.81
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Fig. 7 3 Way valve control logic: (a) On/Off control; (b)
Rule-based control
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Fig. 8 Flowchart of fuel cell - battery hybrid electric vehicle
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