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Design study of series hybrid propulsion system for a bimdal tram
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ABSTRACT

A bimodal low-floor tram is designed to provide the flexibility of bus and the punctuality of trains
together to the passengers. Its propulsion system 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.
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Fig. 1 Schemes of hybrid propulsion system.
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Fig. 2 Speed and distance of design drive cycle.
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Table 1 Vehicle parameters.
Empty weight 17,600 kg
50% loaded weight 21,340 kg
Max. permissible weight 24,950 kg (116 people)
Front area (A4) 8 m?
Transmission ratio (&) 14.42
Aerodynamic drag coefficient (C,) |0.6
Rolling resistance coefficient (C}) 0.01
Tire radius (r) 1.042 m
Air density (p) 1.202 kg/m?
Max. acceleration ( 0 — 25km/h) |12 /s>
Max. deceleration ( 38km/h — 0) |1.2 /s>
Max. gradient 9%
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Table. 2 powering and braking power calculation.

Powering Braking
P,,=05-Cy-A-p-2 P,.,=05-Ci+A-p-up
Py = C} M-g-wv, Py = Cj M-g-wv
Py =F-v,+P,,t Py Py ==F- vy, + Pyt Py
Pf,r = Loup Mg N Mi Py = Py * Neg * D * M

vehicle acceleration vehicle deceleration

30 T T “ T T T T 500 25 T T T T T T T 500
: E-mdtor voltage : i E-motor voltagd
400 20p---- 400
g g
= =
H £
= o
_ 3002 _ 16 3002
z Z = Z
T = = =
3 2 2 3
= = < =
[ ) SR T A A S J200 8 0 2008
H : H = =
EE—molnr?current | i | E’ . | i E’
* + ' H ' ! ' s ! E-motor current 3
10 f----/~- poenenes [ Rt LEEL L bt Reph et N CLEEEEES EELEELE 100 = 5t : - : 100 =
Emotorpower | | P Emotbrpowert T
s i j j i j i j 0 0 i j j j i j j o
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
speed[km/h] speed[km/h]
(@) powering (b) braking

Fig. 3 Powering and braking performance of bimodal tram.
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Fig. 4 Traction force and gradability.
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Fig. 5 Power distribution of propulsion system.
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Fig. 6 Batter/generator power sharing.
- 1972 —



4. s B9

Hlol ek Efo] AY3y stolnY= FXAC] Fss AFsH7] 918 Matlab toolbox 7]REellA & =}at
+ ADVISOR (ADvanced Vehlcle SimulatOR)E AF&&F3ATE ©] Z2 792 v[578] NRELe|A 3o H g
E A NLE BAoR Ad sfolHIE A T3 AN EORA HAlE A&t Ho] AVLeA
Swolal QUthBl 2 =ielAl= ADVISOR 783 oldwzel V.2, 2002d & A&l
ADVISOROM Ay Adq stolngs = V2R dS Mg o R A5 AdS vlo|Rmd Efjow

Jatgint 3% 2% wpolnd Efl] AYy FAA FAHAEES 712 AFES YERH, 29 72 Hho]
E% EO APY FAAS B3] 913 ADVISORS] 7|¥ E=x:E vehd,
s g S

- T Y
o= oo 4
I \ - == et o T (gal)
e series hybrid : fuel
<sdo> series <vc> series "’ control stategy converter

\4

Clock Goto<sdo> <cs> <fc> for series
generator/ echanical accessofy
controller <gc> loads <acc>

.Y E

(=7
—» . —>
drive cycle k@) -
<cye> vehicle <veh> » ; |
gearbox <gb> motor
wheel and final drive <fd controller <mc> electric acc
axle <wh> loads <acc>

Fig. 7 Basic ADVISOR block diagram for bimodal tram.
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Table 2 Specifications of hybrid propulsion system.
CNG Engine 5.9L, 230HP
generator permanent magnetic, 150kW
Li—polymer, 80Ah
battery
nominal voltage 650V
PWM converter rated power 160kW
dectric motor asyn. induction motor
45kW, 62kW peak
reduction gear ratio 14.42
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Fig. 8 Japan 10—15 mode drive cycle.
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