HyTrans— A micro-hybrid Transit from Ford

Lutz Gaedt, Daniel Kok
Ford Forschungszentrum Aachen GmbH

Craig Goodfellow, Daniel Tonkin
Ricardo UK Ltd

Christophe Picod
Valeo Electrical Systems

Michael Neu
Gates Corporation

ABSTRACT

A low cost of ownership is one of the key purchase decision factors for commercial vehicle buyers, particularly for
fleet operators. Beside vehicle purchase price and depreciation, the cost of ownership comprises factors like fuel
consumption, tax benefits or exemptions and servicing costs. The commercial vehicle buyer also concentrates on
robustness and reliability without compromising driveability or payload.

Ford Motor Company has joined forces with Ricardo, Valeo and Gatesin the £1.2M UK TransportEnergy sponsored
HyTrans project. The aim of this HyTrans project was to investigate the most economica hybrid solution for a
commercia vehicle to achieve maximum fuel consumption benefit for urban delivery applications. Simulations were
used at an early stage in the project to identify the necessary hardware components that best suit the optimum cost-
benefit ratio. The final hardware in the demonstrator micro-hybrid vehicle now includes a 4kW Belt-driven Integrated
Starter Generator (B-1SG) and 1.8kWh advanced lead-acid batteries (AGM type). The fuel saving features include
engine stop/start operation at vehicle standstill and regenerative braking during vehicle deceleration phases. Apart from
higher generation efficiency, the B-1SG has the additiona benefit of providing engine stall-protection during take-off, a
feature that is especially welcome in frequent urban stop and go traffic.

Two urban delivery drive cycles (UDDC) for grocery and parcel delivery were extracted from extensive rea-world
measurements. Simulations predicted a real-world benefit of 9-21% for urban delivery and about 5% in NEDC. In the
final project stage, roller dynamometer measurements will be carried out over UDDC and NEDC cycles to verify the
simulated fuel consumption estimates, and al new hardware components will be investigated with regards to their

optimisation potential.
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INTRODUCTION

The European Union has placed big restrictions on
the allowed emission levels of future light, medium and
heavy-duty vehicles. These restrictions are enforced
with compliance to EURO IV in 2005 and potentially
EURO V in 2010. The European automotive
manufacturers have made a self-commitment to target
fleet average CO, emissions of 140 g/km for passenger
cars in 2008, which is eguivalent to around 6 1/100km
fuel consumption.

Tax incentives from national governments are
aimed at motivating new car buyers to choose thrifty
and clean vehicles. Examples are the exemptions from
taxes like the urban congestion charge in London or the
purchase tax in the Netherlands for hybrid vehicles.

When looking at the buying pattern of today’s
vehicles, then there is a clear distinction between
private car customers and commercial fleet operators.
While the former would choose individual comfort
features and new technology features that they can

afford, the latter is often resistive to new technology
and more interested in a reliable, robust vehicle with
the lowest possible cost during ownership.

This paper describes a hardware solution to reduce
cost of ownership for the light and medium sized
commercia vehicle buyer, aiming at achieving highest
fuel consumption savings at lowest possible hardware
cost. Within this HyTrans project, the first European
micro-hybrid commercial Diesel application was built,
comprising a Belt-driven Integrated Starter Generator
(B-1SG) together with advanced |ead-acid batteries.

MAIN SECTION

Ford Motor Company, Ricardo UK Ltd, Vaeo
Electricadl Systems and The Gates Corporation have
joined forces with the UK Department for Transport
(DfT) to develop the first medium-sized micro-hybrid
commercial vehicle in Europe within the HyTrans
project. This 12 months project is sponsored by the
DfT  through TransportEnergy® New Vehicle



Technology Fund (NVTF), which is administered by
the Energy Savings Trust (EST). The project is
expected to conclude near the end of 2004. Within this
project, the engineers are focussing on investigating the
most affordable hybrid solution that achieves maximum
fuel economy benefit in real world for light and
medium-sized commercial urban delivery vehicles.

The work of the individual project partners is
divided asfollows:

UK Energy Savings Trust (EST):

Co-funding of project activities through the
TransportEnergy New Vehicle Technology
Fund (NVTF)

Ford Motor Company:

Supply of test vehicles

Purchase service of modified hardware
Definition of two real world urban delivery
drive cycles

Fuel consumption and emission tests
Engineering support

Ricardo UK Ltd:

Overall project management
Interfacing with EST

Concept study and simulations
Vehicle build

Vehicle controls and systems
implementation

Valeo Electrical Systems:

Supply of modified hardware (B-1SG,
batteries, battery monitoring, DC/DC
converter)

Engineering support

Gates Corporation:

Front-End Accessory Drive (FEAD)
adaptations
Engineering support.

PROJECT AND HARDWARE DEFINITION: The
main customer wants and needs were identified during
the initial project phase. Focussing on a conservative
urban delivery fleet operator (the “urban van man”), the
target was to deliver a robust solution to provide
optimum fuel consumption savings at lowest possible
hardware cost without compromising durability,
servicing cost, driveability or payload.
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Figure 1: HyTrans schematics of mechanical and
electrical power flow, driver/vehicle interfacing and
controller information flow.



Engine downsizing was not an option, as it would
compromise vehicle performance and robustness in this
application. The automated gearbox was not considered
as it adds cost. An electric only range from the electric
machine was not chosen as it would require a costly
battery technology, which would have increased weight
and compromised payload, and, in addition, a larger
more expensive electric motor would be required. The
option to charge the battery externaly was not
considered, as vehicle availability was one of the
highest priorities.

What remained was the hardware that allowed
lowest cost of ownership, i.e. a micro-hybrid vehicle
that maximises fuel saving at minimal investment cost
for the application of an urban delivery van. As shown
in Figure 1, the vehicle modifications comprise a4 kW
(5 kW peak) Belt-driven Integrated Starter Generator
(B-1SG) running on 42V and controlled by its power
electronics, a 36V battery, which is connected to the
otherwise unchanged electrica system with its 12V
lead-acid battery via a 1.5 kW DC/DC converter.
Although the 42V B-ISG and battery are not ideal from
an investment cost point of view, they are well suited to
investigate the concept of a micro-hybrid commercial
vehicle. The potential for downsizing and optimisation
of the new components will be investigated during the
next project phase when their impact can be quantified.

FUEL SAVING STRATEGY: When looking at the
driving pattern of urban delivery vehicles, it can be
observed that they spend a significant part of their time
at vehicle standstill with the engine running at idle.
Here, it makes sense to introduce engine stop/start
operation and simply switch off the engine when the
vehicle comes to a halt, thereby cutting pollution and
fuel consumption.

The cost of on-board electric energy was reduced
by scheduling the generation of electric energy to times
when it is cheap to produce, i.e. usualy events of
vehicle deceleration when no fuel is injected and the
engine brakes the vehicle. This feature is called
regenerative braking and adds a smal amount of
braking torque to the crankshaft. The energy that is
generated during these deceleration phases and not
immediately being used by electric consumers is
buffered by the vehicle battery. This energy isused at a
later stage where it would be expensive or even
impossible to generate electric power. These times
could be vehicle acceleration or simply times of vehicle
standstill with the engine switched off.

DRIVE CYCLE DEFINITION: Despite the fact
that fuel consumption is homologated using the New
European Drive Cycle (NEDC, Figure 2), this cycle
does not reflect typical urban door-to-door delivery
conditions and thus cannot be used to estimate potential
fuel savings for this type of application.
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Figure 2: New European Drive Cycle (NEDC) used for
vehicle homologation

In order to quantify the potential of the chosen
hardware to reduce fuel consumption in urban door-to-
door delivery, two Urban Delivery Driving Cycles
(UDDCs) were extracted from read  world
measurements obtained from urban grocery and parcel
delivery fleet operators. The cycles representing
grocery and parcel delivery are named UDDC1 and
UDDC2, respectively, and are displayed in Figures 3
and 4.

Figure 3: Urban Delivery Drive Cycle (UDDC1)
representing urban grocery delivery. The typical door-
to-door delivery starts after an initial drive-out from the
depot.

Figure 4: Urban Delivery Drive Cycle (UDDC2)
representing urban parcel delivery



The UDDCs were derived by applying the method
used for the HYZEM drive cycle creation, i.e. the
construction of a "typica" real-world driving cycle for
urban delivery vehicles that is based on recorded real-
world driving data. "Typica" would mean in this case
that the derived cycle must reproduce and represent
features of the complete set of measurement data as
closely as possible. The basic idea was to select one
single trip for each of the UDDCs out of the extensive
set of al recorded trips to reproduce and represent the
key parameters of the total set of measurements as
closdly as possible. The important key parameters for
urban driving are shown in Table 1 for both UDDCs.

uUbDC1 ubDC2
(Grocery (Parcel
Cycle) Cycle)

Trip duration (min) 39.3 5.0
Trip distance (km) 7.3 16
Sop rate (L/km) 33 345
Idle rate (%) 64.4 26.1
Average speed (knvh) 11.2 18.7
Average running speed (knvh) 314 25.3

Table 1. Typica values of key parameters for both
UDDCs

These UDDCs are being used throughout this
HyTrans project to assess fuel consumption
improvement for urban delivery applications for both,
simulation and chassis dynamometer measurements.

LAYOUT OF THE FRONT END ACCESSORY
DRIVE (FEAD): The B-ISG replaced the original
alternator for generation of on-board electric energy.
The B-1SG was placed in the location of the original
A/C compressor, with the A/C compressor moving into
the location of the original alternator.

Conventional hydraulic power steering pumps are
usually driven by the FEAD, which means that they
only operate when the engine is running. Since the
vehicle is equipped with automatic engine stop/start
operation and because of the prototype status of the
demonstration vehicle, the conventional power steering
pump was replaced by an electro-hydraulic unit for
reasons of vehicle and driver safety. Figure 5 shows the
overall layout of the FEAD including its hydraulic
tensioner.

Figure 5: Layout of the Front End Accessory Drive
(FEAD) in HyTrans

The final FEAD layout was a 2-belt solution, using
a Stretch Fit belt for the A/C pump and a polyester belt
for the B-ISG. This 2-belt solution has the significant
advantage of lowest possible force on the crankshaft
bearing. A hydraulic tensioner on the B-ISG belt
provides the necessary belt-tension for cranking and
generation.

PACKAGING OF BATTERY BOX, POWER
ELECTRONICS AND DC/DC CONVERTER: One
aim of the HyTrans project was to demonstrate that
packaging of al components could be achieved without
compromising compartment space. Thus, the 36V
battery, the DC/DC converter and the power electronics
for the B-1SG are packaged in a combined ventilated
box underneath the cargo area (Figure 6). The 12V
battery remained in its original position under the
driver seat.

Figure 6: Packaging of the battery box underneath the
cargo floor



COMPARISON BETWEEN THE B-ISG AND
THE CONVENTIONAL STARTER MOTOR:
Although the B-ISG could also perform cold engine
cranks, the conventional starter motor remained in the
demonstrator vehicle for a robust and reliable cold
starting behaviour while the work on the B-1SG
focussed on warm engine cranking. Note that cold
cranking down to —10°C was achieved at an early stage
in the project using the B-ISG and investigations
continue to extend B-ISG cranking to lower
temperatures.

Figure 7 and Figure 8 show a direct comparison of
the cranking behaviour between the conventional
starter motor and the B-1SG. This comparison confirms
that the B-1SG achieves a much higher cranking speed
(without fuelling) and consequently a much faster
engine crank to idle (with fuelling) for all settings of
pre-magnetisation times.

Figure 7: Comparison of no-fuelling engine cranking
using a B-ISG or aconventional starter motor. Cold
engine at 21°C ambient temperature.

Figure 8: Engine cranking measurements comparing the
conventional starter motor with the B-1SG at various
pre-magnetisation times. Cold engine a ambient
temperature of 21°C and 36V battery SOC of 80%.

FUEL CONSUMPTION SIMULATIONS: The fuel
consumption simulations provided an initia estimate of
the fuel consumption benefit between the base
production vehicle and the micro-hybrid vehicle. The
simulations comprised the NEDC, UDDC1, UDDC2.
Figure 9 and Figure 10 show the simulated absolute
fuel consumption for the cycles and the relative savings
for engine stop/start operation and regenerative
braking.

Figure 9: Overview of simulated fuel consumption (FC)
in NEDC and UDDCs. The graphs show the baseline
FC and the potential absolute savings in FC arising
from regenerative braking and engine stop/start
operation.

Figure 10: Overview of simulated fuel consumption
savings in NEDC and UDDCs arising from
regenerative braking and engine stop/start operation

FINAL PROJECT PHASE: The fina project phase
will include the comparative micro-hybrid fuel
consumption measurements and an investigation of the
optimisation potential of all new hardware components.

CONCLUSION

A micro-hybrid technology was found to provide
maximum fuel consumption benefit at lowest possible
hardware cost for the specific application of a light or
medium sized commercial urban delivery vehicle.



A technology demonstrator vehicle was built during
the course of the HyTrans project using a Belt-driven
Integrated Starter Generator (B-1SG) and an advanced
lead-acid type battery technology.

The fud saving features were automatic engine
stop/start  operation during vehicle standstill and
regenerative braking during vehicle deceleration
phases. An additional feature that can be provided by
the B-ISG was active sal protection, which is
especially important for drivability during frequent stop
and go traffic conditions. Cold comfortable engine
cranking using the B-ISG was achieved down to -10°C
and work continues to improve cranking performance
to even lower temperatures.

The fuel consumption simulations predicted
potential savings between 9% and 21% for real-world
urban delivery applications.

The finad project phase will contain fuel
consumption measurements on a roller dynamometer to

verify the simulated fuel consumption savings. This
final project phase will also have a closer look at the
individual modifications that have been made
throughout the project and how they could be optimised
for series production.
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