Available online at www.koforiduapoly.edu.gh International Journal
of Technology and

International Journal of Technology and Management Research 2 (2013) 1-6 Management Research

NYANSABEPO

Drive Cycle Performance of Hybrid-Electric Vehicles
Godwin Kafui Ayetor, George Bright Gyamfi, Ebenezer Tetteh Larnor

Department of Automotive Engineering, Koforidua Polytechnic, P.O. Box 981, Koforidua, Ghana
Email: kafuiayetor@yahoo.co.uk, gbggem@yahoo.com, ebenlart@yahoo.com

Abstract

This paper focuses on the effects of HEV (Hybrid-Electric Vehicles) Powertrains on fuel economy and overall system
efficiency. Three different hybrid-electric powertrains: Series; Parallel and Combined have been simulated on ADVISOR
by the use of MATLAB platform. Three drive cycles, Urban Dynamometer Driving Schedule (UDDS), New European
Driving Cycle (NEDC) and Highway Fuel Economy Transport Cycle (HWFET), were used to determine best Fuel
Economy, Overall System Efficiency and Energy usage for each Powertrain.While Parallel Powertrain showed best fuel
economy and system efficiency at lower speeds (20 mph) during frequent start-stops, Combined Hybrid showed much more
significant fuel savings at constant speeds above-48 mph. In situations where both battery and engine power were required
simultaneously, Combined Hybrid showed much higher system efficiency giving credence to its PowerSplit device. In
conclusion, the selection of the preferred Powertrain for Hybrid Electric application depends strictly on the application
required. The results clearly show that advantages of both Series and Parallel powertrains have not been effectively
harnessed in the Combined Powertrain as expected. This highlights the need for a Powertrain which effectively saves fuel at
all speeds irrespective of number of idle times or stops.

Keywords: Hybrid electric vehicle; zero emissions; combined hybrid; series hybrid; parallel hybrid; electric vehicles; fuel
cells

1. Introduction sacrificing high performance level is an enormous
challenge to the automotive industry (Kluger et. al,
2001). By combining benefits of electric vehicles and
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All the topologies are somewhat variants of Series
and Parallel hybrids. In series configuration, the main
purpose of IC engine is to charge the batteries by
supplying the generator with mechanical energy
(Kluger et.al 2001). The energy flow is as depicted in
fig.1. Mechanical energy from  the engine is
transmitted to the generator for onward transmission
to the battery as electrical energy. The generator is
attached directly to the crankshaft to enable stop-start
and regeneration (Chottiner et.al, 2002). The inverter
makes it possible for the electrical energy (AC) from
the generator to be converted to a DC before it can be
stored in the battery and also from DC to AC when it
is transmitted to the traction motor from the battery.
In Parallel propulsion, power supplied by the gasoline
engine and electric motor can be applied to move the
wheels (Singer-Englar et.al, 2005). Where engine
power is required, it is engaged by clutch in the
transmission to spin the reduction gear (fig. 2). Where
engine torque is not required, it is disengaged through
the same clutch. Electric power can be applied
independently from the battery through motor to
gears to wheels. At higher acceleration demands, both
engine and motor torques can be applied at the same
time through the reduction gear.
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Fig.2: Parallel Powertrain (courtesy Toyota Motor Corp.)

The power split device made up of planetary gear
set is what defines a combined Hybrid. This feature
combines a series-parallel configuration that utilises
advantages of both Powertrains (fig.3). It splits power
from the engine into two routes: mechanical and
electrical (Meisel, 2006). Planetary gear can transfer
power between engine, motor, generator, and wheels
in almost any combination. Just like Parallel type
both engine and motor can apply torque
independently to move the wheels.
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Fig.3: Combined hybrid (courtesy Toyota Motor Corp.)

1.1 ADVISOR simulation tool

ADVISOR is a drivetrain analysis tool developed
in MATLAB/Simulink® to compare fuel economy
and emission performance between different
drivetrain configurations. National Renewable
Energy Laboratory (NREL) first developed the
Advanced Vehicle Simulator, ADVISOR, in
November 1994(Wikpe and Cuddy, 1999). It was
designed as an analysis tool to assist the U.S.
Department of Energy (DOE) in developing and
understanding hybrid electric vehicles (HEVs)
through the Hybrid Vehicle Propulsion System
contracts with Ford, GM, and Chrysler. The
ADVISOR has also been used by many to understand
the system-level interactions of hybrid and electric
vehicle components. ADVISOR analyzes vehicle
powertrains, focusing on power flows among
components. ADVISOR is driven by the input
driving profiles which can be the classic speed vs. time
or a speed and grade vs. Time driving profile (Senger
et.al, 1998). With a given driving profile goal,
ADVISOR then works its way backwards from the
required vehicle and wheel speeds to the required
torques and speeds of each component between the
wheels and the energy source. Limits for each of the
components are included, so the actual speed vs. Time
profile computed is the one that is within the limits of
all components and includes all component losses and
vehicle drag. ADVISOR has been applied to many
different system analysis problems, such as the need of
developing the SAE J1711 test procedure for hybrid
vehicles and the need of evaluating new technologies
as part of the Partnership for a New Generation of
Vehicles (PNGYV) technology selection process. The
model has been benchmarked and validated with
other models and with real vehicle test data.

1.2 Toyota hybrid system powertrains

In December 1997, the first mass produced hybrid
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system (THS Prius), Toyota Prius, was introduced
into the Japanese market (Kondo et.al, 2002). In 2001,
Toyota introduced the Estima and Crown Hybrids
into the Japanese market. The Estima Hybrid is the
world's first hybrid minivan and first mass-produced
hybrid 4-wheel drive vehicle (Kondo et.al, 2002). Year
2002 marked the release of Toyota's fuel cell hybrid
(ToyotaFCHV) in Japan and America (Toyota Motor
Corp, 2007). In 2003, Toyota completely redesigned
the Prius ( second generation Prius) and integrated
THS-II into the model. THS-II marketed as Hybrid
Synergy Drive [HSD] with 1.5 litre 4 cylinder gasoline
engine, was superior to THS in power performance
(motor output 1.5 times Prius I), fuel economy and
exhaust gas reduction performance (Kimura et.al,
2005). In 2005, “combined with a V6 engine, THS II
had a further evolution as a Hybrid System for SUV,
which was installed in the RX400h and Highlander
Hybrid to be introduced into the world” (Kimura
et.al, 2005). It achieved a fuel capacity of 1.5L. 2006,
saw the hybrid synergy drive (HSD) being installed as
a rear-wheel drive passenger vehicle in the LEXUS
GS450h (Camry Hybrid) which is a hybrid version of
the conventional Camry sedan. LEXUS GS450h
achieved 4.5 litre classes and had outstanding fuel
emission performance (UeokaKiyoshiro et.al, 2007).
In 2007, the product range was further broadened; the
HSD was expanded to a new LHD (Left Hand Drive)
for AWD passenger cars. This is the LEXUS LS600hL
with a V8 and 5.0L engine capacity. This system was
designed to meet the requirements of the highest grade
of LEXUS (UeokaKiyoshiro et.al, 2007).

According to the Toyota website, third
generation Prius is already being marketed with a 90%
new Powertrain developed. Total horsepower is 134
hp (previously 110 hp) and it has thirty-six Kyocera
solar cells which are positioned on a moon roof and
doubles as a sunroof. Energy is converted at a 16.5
efficiency rate to power the ventilation fan and air
conditioning system with about 50 watts of
electricity. It also has an impressive EPA 51/48/50
city/highway combined mpg estimate. It is more
aerodynamic with the coefficient of drag reduced to
0.25C,.

2. Objectives

Objective of the research is to

(a) Simulate and analyse performance of three hybrid
electric powertrains namely Series, Parallel and
Combined on the Matlab platform (ADVISOR).

Simulations will be run for three drive cycles,

namely, the Urban Dynamometer Drive Cycle
(UDDC), New European Drive Cycle (NEDC)
and the High Way Fuel Economy Cycle
(HWEEC).

(b) Suggest the most suitable powertrains for
different driving conditions.

3. Methodology
3.1 Power train design parameters

In order to make sure all other parameters remain
the same except Powertrain configuration, Toyota
Prius vehicle was chosen for each of the three
Powertrains:

Actual Body Weigh t= 2783 pounds (1398 kg)-full
tank, Vehicle Cargo Mass=136 kg

Vehicle Coefficient of Drag = 0.3, Vehicle Frontal
Area=1.746m

Fuel Type=Gasoline, Capacity=1.5L Japan Prius
Atkinson Cycle Engine

Maximum Power=43kW at 4000RPM, Peak Torque
=75 Ib-ft at 4000RPM

Peak Efficiency=0.39, Weight=137kg

Each had a Traction Motor with parameters:

Peak Efficiency=0.91, Mass=57kg, 30-kW
permanent magnet motor/controller

Accessories of 700-W constant electric load applied to
each Powertrain.

Only Series and Combined Hybrids have additional
Generator with the following parameters:

PRIUS JPN15-kW permanent magnet
motor/controller

Peak Efficiency =0.84, weight=33Kg
3.2 Drivecycle characteristics

Three drive cycles were used for the simulation.
1. Urban Dynamometer Driving Schedule (UDDS)

which refers to United States Environmental
Protection Agency mandated dynamometer test that
represents city driving conditions was used for light
duty vehicle testing (fig.4).
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Fig.4: speed-time representation of UDDS cycle
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It is a speed-time trace consisting of 18 profiles
separated by idle periods of 0-39 s duration and is used
to validate economy and emissions of passenger
cars(Miller, 2004).The schedule covers 7.46 miles in

372 sforan average speed of 19.58 mph (table 1).

Table 1
Characteristic values for UDDS cycle

Cycle ubDDS

Time(s) 1369
Distance (miles) 7.45
Max. speed(mph) 56.7
Average speed(mph) 19.58
Max. acceleration(ft/s?) 4.84
Max. deceleration(ft/s?) -4.84
Idle times(s) 259
Number of stops 17

2.

NEDC cycle is typically used to characterise

hybrid vehicle economy and emissions (Miller, 2004).
Fig.5 and table 2 below represent the cycle with
maximum speed 74.56mph and average of 20.64mph

lasting 1184s.
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Fig.5: Speed-Time Graph representation for NEDC cycle

Table 2
Typical values for NEDC Cycle

Cycle NEDC
Time(s) 1184
Distance (miles) 6.79
Max. speed(mph) 74.56
Average speed(mph) 20.64
Max. acceleration(ft/s?) 3.46
Max. deceleration(ft/s?) -4.56
Idle times(s) 298
Number of stops 13

EPA highway cycle depicts expressway driving

wherethe traffic flow is smooth (Miller, 2004).As seen
from fig.6, a constant overall speed exists for the

highway cycle. The average speed of 48.2 mph (77.57
kph) for 10.26 miles is higher than UDDS and NEDC

drive cycles (table 3).
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Fig.6: Speed-time graph representation of HWFET cycle

Table 3
Typical values for HWFET cycle

1
800

elevation (feet)

Cycle HWFET
Time(s) 765
Distance (miles) 10.26
Max. speed(mph) 59.9
Average speed(mph) 48.2
Max. acceleration(ft/s) 4.69
Max. deceleration(ft/s?) -4.84
Idle times(s) 6
Number of stops 1

4. Powertrain modelling results

Three hybrid-electric Powertrains namely
Parallel, Combined (Series-Parallel or HSD) and Series
hybrid were simulated using ADVISOR. Simulations
were done using three cyclessUDDS, NEDC and
HWEFEC for each Powertrain. During UDDS cycle,
parallel Powertrain had best fuel economy at 53.6 mpg
(table.4) because its fuel converter consumed the least
fuel of 16,788 kj while Combined and Series hybrids

consumed 18,605 kjand 25,484 kj respectively.

Table 4
Values obtained for UDDS cycle

Urban Dynamometer Drive Cycle

Powertrain | Fuel Overall Sys. Eff. | Energy used
econ.(mpg) | (%) (ki)

Parallel 53.6 12.8 16,788

Series 353 8.6 25,484

Combined 48.4 11.4 18,603




G.K. Ayetor, G. B. Gyamlfi, E. T. Larnor/International Journal of Technology and Management Research 2 (2013) 1-6

Since Series Hybrid rely entirely on fuel
converter to charge the battery and power the
generator, its poor fuel economy is expected.
Combined hybrid on the other hand has more
electrical components (extra generator plus complex
power split device) than the Parallel configuration and
will therefore consume more fuel. The highest overall
efficiency of 12.8% for Parallel Hybrid indicates as the
best Powertrain for this cycle. Similarly for NEDC
drive cycle, Parallel configuration had best fuel
economy of 51.8 mpg with Series and Combined
hybrids at 48.5 mpg and 46.2 mpg respectively (table
5). Combined hybrid operated predominantly with
the engine power while Series and Parallel
powertrains relied on both engine and motor power.
This is proved by the fact that while Parallel and Series
hybrid consumed 15,834 kj and 16,893 kj of energy
respectively, Combined hybrid consumed the highest
at 17,764 k.

Table 5
Simulation values for NEDC cycle

New European Drive Cycle

Powertrain | Fuel Overall Sys. Eff. Energy used
econ.(mpg) | (%) (kj)

Parallel 51.8 15.8 15,834

Series 48.5 135 16,893

Combined 46.2 13.8 17,764

For the HWFET cycle, Combined Powertrain
showed the most favourable fuel economy at 66.4 mpg
compared to Parallel and Series at 55 mpg and 38.5
mpg respectively (table.6). Combined Powertrain
consuming the least energy of 18,649 kj, (Series (32,194
kj) and Parallel (22,528 kj)), proves that it relied
predominantly on electric power to move the wheels.

Table 6
Simulation values for HWFET cycle

Highway Fuel Economy Transport Cycle
Overall Sys. Eff.

Powertrain | Fuel Energy used

econ.(mpg) | (%) (ki)
Parallel 55 21 22,528
Series 38.5 14.7 32,194
Combined 66.4 237 18,649

Combined Powertrain also exhibited the highest
system efficiency of 23.7% compared to 21% and
14.7% for Parallel and Series respectively. This
indicates that in spite of poor fuel converter
efficiencies, combined hybrid is able to combine
power from electric motor and fuel converter more
efficiently.

5. Conclusion

During UDDS cycle Parallel Powertrain showed
best fuel economy (53.6 mpg). Combined hybrid on
the other hand has more electrical components (extra
generator plus complex power split device) than the
Parallel configuration hence had 48.4mpg. The
highest overall efficiency of 12.8% for Parallel Hybrid
confirms it as the best Powertrain for this cycle.
Similarly for NEDC drive cycle, Parallel
configuration had the best fuel economy of 51.8mpg
followed by Series and Combined hybrids at 48.5mpg
and 46.2mpg respectively. Combined hybrid operated
predominantly with engine power while both Series
and Parallel powertrains relied on both engine and
motor power. For HWFET cycle, Combined
Powertrain showed the most favourable fuel economy
at 66.4mpg compared to Parallel and Series at 55mpg
and 38.5mpg respectively. Combined Powertrain
relied predominantly on electric power to move the
wheels. It also recorded highest system efficiency of
23.7% compared to 21% and 14.7% for Parallel and
Series respectively. These findings indicate that in
spite of poor fuel converter deficiencies, the
Combined hybrid (power split device) is able to
combine power from electric motor and fuel
converter more efficiently. That is at higher speeds
where both engine and battery power is required.

Combined hybrid is most suitable in terms of fuel
economy and system efficiency. However for lower
speeds where several stops are involved such as heavy
traffic areas, Parallel hybrid stands favourite. This
conclusion reveals that the choice of a hybrid
Powertrain depends to a large extent on its application
and intended purpose. Whereas combined hybrid is
suitable for highway driving it is not the best for urban
driving where several stops are expected at lower
speeds.
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