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Development of a Series Hybrid Propulsion System for Bimodal Tram

Chang-Han Bae, Kang-Won Lee, Jai-Kyun Mok, Doo-Young You, and Jong-Min Bae
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ABSTRACT

Bimodal tram is designed to run on a dedicated path in automatic mode using a magnetic track system in order
to realize a combination of the accessibility of a bus and the constant regularity of a railroad. This paper presents
design and test results of the series hybrid propulsion system of the bimodal tram on both test track and public
road, which uses CNG (Compressed Natural Gas) engine and Lithium polymer battery pack. This paper describes
the real-time data measuring equipment for the series hybrid propulsion system of the bimodal tram. Using this
measurement equipment, the performance of the prototype vehicle’s driving on test track and public road was
verified and the fuel consumption and the efficiency of CNG engine have been investigated.
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Fig. 2 Schematic of series hybrid propulsion system

X

19

.

folnels #4140 299 453 dFsa

ol

a

A

o g

2. 3Ed stojHE|E F

]
=
>

L

Ean

g= F4
A-24

=

2¢ nlo|RyY EdE HAY
 EEEE YERILh S~
A AF7], MDCModular Drive  Controller),
Li-polymer ®Eig]® = BMS (Battery Management
System), 471, AJNAEF7], FHA ] B oY=z
2 $838t= Traction PLC (Programmable Logic
Controller), #F&Fe] 71EF A+ F53 AojxdS
3 BEAYLAA DC/AC AHE, DC/DC AHE
2 4k

Traction PLCE 71 9 Alsdld=Z 5 74203 A
Y EAXHS dditol FXRIMH S A AHstaL
STl gt dxl-wdr] Al sy ez dE
ol 715 S gttt wiElE] SOC kel we <Xl
A7) Ao sAE Alofatal v o] SOC W&
gugth e FAGA FAAFEY] YHARE AF
SAGA G AFAAGA R AFshe qTE FHE
t}. Traction PLCY ZEa#e PLCY ZFdolgl
FBD(Function Block Diagram)$} SFC(State Flow
Chart)= AAd3to=x zzado] Wgsta vty
9 4o &olsith. CNG AW Euro V #lE7t~
7158 W= CumminsAhe] 230HP B Gas Plus
NG A& ARG HH7]= HEe] ofz2dd &+
o] dastA v ATAAY FIEAIE AR

a

ol



496 ENETEE Gt 164 hhE 20114 10)]

Cooling radiator

CNG engine

Generator

Battery pack

J8 3 Hlo|=E E AFftel 3% WAIE 3D £H
Fig. 3 3D drawings for engine room and axle 3 of
prototype vehicle
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Table 1 Vehicle parameters

3} 5 &

HAES 2% (18m), 3%(24m)

Tz 2500(W)x3380(H) x1800(L)
S84 10678

> 17,600kg (&2}), 24,950kg (WHA})
Ause 80km/h

EAEE 30km/h ©]4
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Table 2 General technical description of the
propulsion system
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type : CNG, 59L, 230HP, EURO-V
max. power : 172kW@2800rpm,
max. torque : 678Nm@1600rpm

type : 3-ph synchronous,

permanent magnetic,
nominal power rating : 145kW
cooling : water

type : Li-polymer, 80Ah
nominal voltage : 650V
cooling : air

type : IGBT, VVVE
nominal power rating : 62kW X 4
cooling : air/water

type : IGBT, 24Vdc, 380Vac
noiminal power rating : 6kW, 20kW
cooling : air/water

type : induction motor

nominal power rating : 45kW X 4
efficiency : 90%

cooling : water

type : helical gear
ratio : 14.42:1
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Fig. 4 Schematic of driving mode transition
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Fig. 7 Monitoring display of data measurement equipment
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Fig. 8 Gas turbine flowmeter(a), thermocouple installed
on battery module(b), measurement system
module(c,d)
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Fig. 9 Floor plan of the test track
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Fig. 10 Speed, distance and battery SOC in automatic
driving mode at test bed
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Fig. 11 Public road traced by bimodal tram
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Table 4 Fuel consumption with consideration of SOC

parameters values correction

lower heating value of CNG (LHV) | 492 MJ/kg 5 m ‘erg ‘zr;g ‘ZF;E ‘7‘463

fuel density of CNG (p) 0.7976 kg/m?

battery capacity (@) 504 kWh # 314 % (kmv/h) 564 | 598 | 624 | 769

overall charge efficiency (7)) 0.25 FALE(km/h) 297 | 285 | 295 | 487

CNG A% % (kg) 4.3 44 39 6.8

o7l ASOCE F3 A FRAA wiHE
# SOC WatEs yekdth Q= i H oyX Correction factor(k) 165 | 151 | 155 | 081
2% p= CNG 98 9%, LHVE lower heatin
value opf CNG, D= %3 Az, n= A7 2714 Ef_ EFC (km/m®) 18 | 1.84 | 213 | 224
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