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Background

According to the 2010 fuel efficiency and greenhouse gas (GHG) standards for MD and HD vehicles, the
nation’s fleet of MD and HD trucks will be required to meet fuel efficiency regulations for the first time
beginning 1n model year 2014. Vocational vehicles including delivery trucks, buses, and garbage trucks will be
required to reduce fuel consumption and GHG emissions by approximated 10 percent by model year 2018. In
2015, more stringent standards were proposed for the same classes of MD and HD vehicles for model year 2018
and beyond. In phase 2, the new fuel consumption standards would become 2.5% more stringent every year from
model years 2021 to 2027. These regulations and standards will spur more 1nnovation and the adoption of
advanced vehicle technologies to comply with them. Various advanced vehicle technologies have been studied
and advanced to improve fuel efficiency, including non-electrification efficiency-improving technologies and
electrification and hybridization efficiency-improving approaches. There 1s a need to explore different
powertrain architectures for the MD delivery vehicle over various duty cycles.

Objective and Approach

This research studies the hybridization using electric motors and batteries in PHEVs with the conventional
engines and explores various architectures for MD vehicles over different duty cycles in term of fuel economy.
The baseline MD truck 1s a 2014 Class 4 conventional diesel delivery truck (stepvan). Series-parallel hybrid
powertrains with pre- and post-transmission configuration for the plug-in hybrid medium-duty trucks were
modelled and compared with a conventional diesel and a mild/full parallel hybrid with pre-transmission
configuration to explore the fuel economy potential of each technology over a wide range of duty cycles.
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Figure 1: Delivery truck powertrain architectures
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conventional powertrain and parallel hybrid architectures, and a two-speed transmission 1s used in the series-
parallel hybrids. All hybrid powertrains use the same lithium battery pack of 31 kWh and the same engine
without downsizing.
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Findings*

[ The series-parallel powertrain achieves higher efficiency over the UDDS-HDV and the HTUF-4 drive cycles that
feature stop-go with a short distance of high speed drive and 1s well suited for a typical Class 4 delivery truck.

1 Compared to the parallel hybrid, the series-parallel hybrid achieves 10 — 20 percent improvement in driveline
efficiency over the UDDS-HDV and the HTUF-4 drive cycles. There 1s no apparent difference between the mild
parallel, full parallel, and series-parallel architectures for a Class 4 delivery truck operating in the charge sustaining
mode over the light duty urban drive cycle and the highway drive cycle.

J Compared to the conventional truck, the series-parallel PHEVs with a 30 kWh battery shows improved fuel economy
by a factor of 3-3.5 for the UDDS-HEV and HTUF-4 drive cycles. With the increase of the daily distance travelled,
the improvement 1n fuel economy levels off for the series-parallel hybrids.
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