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Energy Efficiency of Series Hybrid Power System for Transit Buses
(Estimation of Charge-discharge Loss of Generated Electric Energy on Board)

W3 No. 03-0861

Morimasa HAYASHIDA*!, Kazuyuki NARUSAWA,
Daisuke KURASHIMA and Yushi KAMIYA

*"Environment Research Department, National Traffic Safety and Environment Laboratory,
7-42-27 Jindaijihigashimachi, Chofu-shi, Tokyo, 182-0012 Japan

The driving conditions of suburban transit buses were investigated with a chartered bus. Based
on this data, a series hybrid system was designed for transit buses from the viewpoint of the
acceleration performance and the energy saving. In order to measure the electric energy flow on
board, the dynamometer bench tests and the static simulated experiments were carried out with
storage batteries and ultra capacitors. It was clarified that the charge-discharge loss in the storage
devices can he estimated by the calculation using the internal resistance and current. And, the energy
efficiency of the series hybrid system was evaluated in compared with conventional engine-powered
buses for a trial.
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Fig 1 Investigated Suburban Transit Bus Route
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Table 1 Specifications of Supposed Series Hybrid Bus

Item

Specification

Size (L, W, H) (mm)

9,000 x 2, 300 3, 000

Passenger & driver (person)

60

Vehicle mass (kg)

7, 800

Traction Type In-wheel AC Induction
Motor "
System Max. Output power 40 kW (x 4 =160kW)

Regen. power

25 kW (x 4 =100kW)

Controller

PWM Inverter

Acceptable volt.

DC 190V - 290V

Auxiliary consumption (kW)

2.0

Maximum vehicle speed

65 km/h
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" Fig. 3 Bench Test System for Traction Motor
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Fig 4 Required and Regenerative Electric Power
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Fig. 5 Required and Regenerative Energy for Trip
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Fig. 6 Required and Regenerative Energy for Trip
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Fig. 7 Static Simulated Series Hybrid System

Table 2 Specification of Battery and Ultra Capacitor

Nominal Nomtnal
Device Type capacity | voltage Number of module
(1 module) | (1 moduie) [for 1 unit| Experiment
Battery-A| Lead-acid 25Ah 12 20 6
Nikkel-metal
Battery-B hydr i de 28Ah 12 20 6
Ba'gtery—c Lead-acid 15Ah 12 20 6
uper .
capaci tor Organic 62F 54 6. 67 2
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Fig. 8 System Voltage under M15-mode Operation
(Generator Run)

4+3 EEEBICBIT AFMERRIZOVT

4:3-1 HELZRBTLREEARDVTS K9
12, [BHC - X 30 Z(tH) T, kDL S5
B ELED - {21k L72h3 5 IR B OMEEIR AT o7
BAEDFKEEHR L BEIEBENBROFANTRNOEIG E T
T REBHED ABFINE—F VAT b EHEERIC
EEESH, RV O6EIRIE L X 3 FIl—
BFREBBEIND. E-EAEENT 1 BEE M CEEEE
BIh, BOORERT Y/ EERETD. v )—
ZNATY v RUAT AT RN HRA T 57
WITIE, T HOEEER T U THERK TR
THZENREARTHD EEZLND.

Capacitor
1% Motor

8ys.
3y2% A;x' Battery-C

S

Battery-C
51% 6% 84%

(a) Generated energy (b) Regenerative energy

Fig. 9 Destination of Generator & Regenerative
Energy (Line-B Operation, Generator Run or Stop)
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Table 3  Estimation of total energy efficiency

Bus |ine-B Suburban
Bus lines
Component Series hybrid
N Battery-C | Conventional
Battery-B & Capacitor
Engine 0.45 0.21~0 26
Generation 0.95 -
Charge-Discharge |  0.942 | 0.888 -
Motor system 0. 698 -
Regeneration _
coefficient 1.303
Total 0.366 | 0.345 | 0.21~026
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