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A Simulation Study of the Performance of a Propulsion Equipment
for Bimodal Tram
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Chang Han Bae - Jai Kyun Mok - Seky Chang - Kang Won Lee

Abstract A bimodal low-floor tram is designed to provide the flexibility of bus and the punctuality of trains
together to the passengers. The propulsion equipment of the bimodal tram is a series hybrid type using a set of CNG
engine generator and Li-polymer battery. The present paper describes the specifications of the propulsion system in
the bimodal tram which was drawn by a desirable driving cycle. In addition, it shows how the propulsion system of
the bimodal tram can be controlled. With using a computer simulation tool of hybrid vehicles, ADVISOR, the

performance of the bimodal tram was verified.

Keywords : bimodal tram, series hybrid propulsion equipment, CNG engine, li-polymer battery
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Table 1. Vehicle parameters.

Empty weight 17,600kg

50% loaded weight 21,340kg

Max. permissible weight 24,950kg (116 people)

Front area (4) 8m’

Transmission ratio (G) 14.42

Aerodynamic drag coefficient (Cq) | 0.6

Rolling resistance coefficient (Cp 0.01

Tire radius (r) 1.042m

Air density (p) 1.202kg/m*

Max. acceleration (0 — 25km/h) 1.2m/s*

Max. deceleration (38km/h — 0) 1.2m/s°

Max. gradient 9%
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Table 2. Powering and braking power calculation
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Fig. 3. Accelerating & braking performance of bimodal tram.
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Table 2. Summary of component parameters of hybrid propulsion

system

components rated specification
type : 5.9L, 230HP,

CNG Engine max. power : 172kW@2800rpm,
max. torque : 678Nm@1600rpm
type : permanent magnetic,

generator output power rating : 150kW
efficiency : 98%
battery Li-polymer, 80Ah

nominal voltage 650V

type : asyn. induction motor
power rating : 45kW, 62kWpeak
efficiency : 90%

electric motor

helical gear
ratio 14.42
efficiency : 95%

reduction gear
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Fig. 9. (a) vehicle speed, (b) traction power, (c) battery and
generator power, (d) battery SOC, (¢) battery current
waveforms in the case of the design cycle



STl - KA - B - oY

128 VIYEYYEEY Mi2d W18 20004

(a) BOL vehicle speed o
o R Y R R v
D T AT R N [ \IJ‘
I RSN R 1
£ SO\L”’\”"U' B R Ffﬁ
%“’p“*l T
0-,- - = - S0 | CERER e S S
ol s S \**L"t‘“\”“****
AT IR
10‘% H\ ! ‘ v Th J‘\‘ ; [l ‘ :
400 600 800 1000 1200
Timefsec]
(b) 00 ‘ traction ;:owor § )
;oo,,,L:,,L,,,,J

100- -|A;~t7 - a4

Power[kwW]
o
T
M
N
ek
!
|

200~ -
-300 ;
400
Time[sec]
(C) generator and battery power
300 .

-300 . -
400 600 800 1000 1200
Time[sec]
(d) - state of charge

Time[sec]
(e) battery current

,,,,,,,,,,,, [
| |
! 1 1 !
600 800 1000 1200
Time[sec]

Fig. 10. (a) vehicle speed, (b) traction power, (c) battery and
generator power, (d) battery SOC, (e) battery current
waveforms in the case of Japan 10-15 Mode

71e 1YY SoluE 2] 2TAFE ANHY
o), so| 2= g A B oM BL ol8alo] Ho|
g EQY) 204K 45 RS AuE AN 7]
& FHAo|2RRH volug EdY) 21 % AL
ARG, vho BT EYY| $E-EIEHTHE A5
Sk EF AYY stolnelE 2ARANN F8E 244
S8 ATY 5 U= ONG-ANT weeine] Aeg
< WS, QA7) Alak wiElizie] e Bepal
of sl Ystelet. vholng £ AlFS soj= A}
A B o]5 ADVISORS] M85}, 71& Faxto| 23}
220} 10-15moded] Tste] wol 2 Edo] Lag mol
313, AWLA7| Az wElizre) Wl RuE molsiel,
Wil B e 65-70%9) SOC FAESlE A3k, 3.8C8}
$74) 28C AR8Fo| Wad Aom Y.
oz, A7) Aol A 2RZANA 517 S, o
et 270N WAle] AmAw|t e} SOCHEE T
B 5 olol 5EHIIE o83 UL AT Aol

ARl &

£ d7E Iudre) BEAALESA] Yste
2 sy=gon] Mo A=Y

. SEF%E(2007), “AlodA| vloj=E A/F2 AT AL 42t
e AXpE A

2. John G.W.(1999), “Propulsion systems for hybrid electric
vehicles”, Electrical Machine Design for All-Electric and
Hybrid-Electric Vehicles (Ref. No. 1999/196), IEE Colloquium
on.

3. Kyuhoon(2000), “Development of a CNG engine for a heavy-
duty commercial vehicles”, proceeding of 8th next generation
vehicle workshop, KATL.

4. Cummins West Inc.. http://www.cumminswestport.com/products
/bgasplus.php.

5. FEFFF(2006), “THAFHHAHABRT) A 2H”

6. The ADVISOR Code and Manual, http://www.ctts.nrel.gov
/analysis

7. Donald W. Corson(2002), “High power battery systems for
hybrid vehicles”, Journal of Power Sources, Vol.105, Iss.2, pp.
110~113, March.

8. ISO 23274:2007(E), “Hybrid-electric road vehicle -Exhaust
emissions and fuel consumption measurements-Non-externally
chargeable vehilces”, 2007.

FY(2008'd 84 1), +HU((2009d 1€ 9%,
AAEHE 220099 24 4¢)



