MILLBROOK PROPULSION DEVELOPMENT
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Millbrook’s recently renovated propulsion test
laboratories boast new state-of-the-art technology
including a 4WD emissions chassis dynamometer
and 4WD powertrain test rig. ETi took a trip to
Bedfordshire, UK, to inspect them ﬁrst-hand
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or the past 36 or so months
at Millbrook, employees in the
propulsion test department have
been sharing their workspace with
a team of construction workers.
And ongoing upgrades have transformed the
propulsion center into the most comprehensive
facility of its kind in the UK. Recent system
installations include two new 4WD climatic
emissions chassis dynos, a state-of-the-art
4WD powertrain test system and a PEMS
workshop, all of which accompany the

Variable Temperature Emissions Chamber and
18 other engine test cells on-site.
“In 2013, we set a strategy for how we would
replace our light-duty chassis dynamometers
and began planning and development for the
first 4WD emissions chassis dyno in 2015.
The facility opened in early 2017,” explains
Phil Stones, chief engineer for propulsion.
“It was designed from the start with a vision
that we would build a second one, so during
that time we solidified the plans for phase
two, and the PEMS workshop. In 2016, we
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also made the decision to invest in a new
powertrain rig. We saw that the market
needed something that is halfway between
an engine test bench and a chassis dyno.
“Then we refurbed the entire laboratory to
completely modernize it, and the soak space
to support a diversity of vehicles.”
Advanced dynos

The two advanced 4WD climatic emissions
chassis dynamometers are housed in separate
test cells, each measuring 13 x 6.5 x 3.5m.
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1. The company’s newly
expanded propulsion
systems test facility now
includes a 4WD climatic
emissions chassis dyno
2. Millbrook has equipped
the facility with a 350kW
advanced Kratzer battery
simulator that is capable
of handling up to 1,000V
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4WD
POWERTRAIN
TEST RIG
Ultra-dynamic
synchronous motors: 4x 350kW
Nominal power absorption: 750kW
Torque: 3,500Nm +20% overload
Maximum speed: 3,000min-1
Simulated inertia: 0.84kgm2
Battery simulator: 1x 350kW

They’re equipped with AVL emissions systems,
with four-phase CVS sample systems and two
raw measurement paths all controlled through
AVL’s IGEM operating system. For testing
without the emissions equipment, both rigs
have an exhaust extract system.
Each of the dynos is four-wheel drive, using
a roller diameter of 1.22m and a wheelbase
range of 1.8m to 4.6m. They can simulate
inertias from 454kg to 5,448kg when used
over the WLTC. Maximum operating speed
is 250km/h and maximum axle load 4,500kg.
The dynamometers have a continuous power
of 220kW per axle 2WD, 330kW 4WD (total),
and an overload power of (10s) 432kW per
axle 2WD, 648kW 4WD (total). Both dynos
offer the capability for dynamic
gradient simulation to accurately
replicate real road proﬁles.
The Millbrook facilities have
a temperature replication range
of -20°C to +50°C, with a climatic
control accuracy of ±1.5°C over
the test cycles.
Each cell has a speed tracking
fan with a frontal area of 0.5m 2
up to 140km/h and 0.3m 2 at
200km/h. The fans are vertically
adjustable to match the vehicle’s
height, while the frontal vanes
Phil Stones, chief engineer for propulsion, Millbrook

“We also decided to invest
in a new powertrain rig. We
saw that the market needed
something that is halfway
between an engine test
bench and a chassis dyno”

can also be angled, and the fan placed in set
speed modes.
The new 4WD powertrain test rig can
be used for full vehicle evaluation of small
city cars to SUVs, as well as system testing.
The rig incorporates four individual wheel
motors, giving a nominal power absorption of
750kW, using four ultra-dynamic synchronous
motors each rated at 350kW, 3,500Nm (+20%
overload). Each dyno has a wheel simulated
inertia of 0.84kgm2, and can reach a maximum
speed of 3,000min-1. The new facility is also
equipped with a 350kW Kratzer battery
simulator (1,000V/1,000A).
Total vehicle analysis

The Millbrook facility has further high-tech
test equipment including an AVL Fuel Exact
measurement solution with temperature
conditioning, which can measure up to 70
temperatures and 32 pressures, a dual-stream
raw emissions bench, and a speed tracking
fan up to 160km/h.
Cell and engine intake air can be controlled
between 18°C and 25°C ±1°C; engine coolant
to ±1°C; and test bench intercooler to ±1°C.
For more ﬂexible, efﬁcient analysis, the cell
is outﬁtted with an advanced driving robot
and 24-hour automation capabilities.
In addition to conventional powertrain
engineering work, the equipment can be used
to analyze the propulsion system and vehicle
systems together. “Traditionally, we would
develop the powertrain while the vehicle
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1. The 4WD powertrain
test rig is equipped for
full analysis of SUVs

2

2. The Revolutionary
Engineering division of
Millbrook specializes
in driveline system
and component test
services and solutions
3. Working alongside
Proventia, Millbrook
is developing a new
battery test facility

dynamics engineers develop the chassis, and
then further down the pipeline, the two will
come together, but with hybridization there is
much more interaction needed between the
engine, the propulsion system and the vehicle,”
outlines Stones.
“With this test bench, we can simulate what
happens if one side of the vehicle goes on a
grass verge and the driver suddenly applies
the brakes, or if the vehicle suddenly comes
across black ice, for example, and evaluate
how the powertrain and vehicle system react.
We can replicate these scenarios over and
over to allow the optimum solution to be
developed.” And next door there’s space for
another test bench, should demand call for it.
Millbrook’s PEMS inventory has grown
from one in 2013, to five systems,
two of which were purchased
at the beginning of 2018.
All units are supplied
by Sensors Inc. and
the portfolio includes
three Ecostar models
and two LDVs.
The powertrain
rig and the PEMS
workshop operate
on two shifts a day,
five days a week; and
the chassis dynos three
shifts a day, five days a week.
To undertake a WLTC test,
it takes around one and a half hours
from preparation to finish – that’s five tests
per shift, and that could be of 15 different
vehicles, the same vehicle tested multiple
times, or a mixture.
In the soak area, up to 20 vehicles can be
conditioned inside the individual bays, each

But it’s also harder to attenuate noise out
of a window. From a safety perspective,
if an incident happens, a brick wall is less
dangerous than a sheet of glass. Also, with
a camera you can zoom in and out and record,
so if something does go wrong you are able
to look back and see
what happened.”
Two over-arching
difficulties during
the project were how
to manage space and
how to ensure the old
facilities remained
operational. As the
existing building was
extended, the road had
to be moved, causing
an added complication
to plan. Furthermore,
where the second 4WD chassis dyno system
is located is where the front door used to be,
so temporary entrances had to be created.
Health and safety was also an important
consideration. As such, locations for sprinklers
and fire brakes, for example, had to be taken
into account.
“It took a lot of collaboration between the
architects and the test equipment suppliers.
Within the cells there are very tight tolerances
– we had to make sure we used the right
isolation, and that the structure is strong
enough to support all of the equipment,”
explains Stones.
“During the construction we had to work
around the builders and sheet piling had to
be done at weekends because the vibration
levels affected the dynos. We also had to
keep the area tidy as it’s a front-of-house
building, and in addition to that, we had
to manage a safe site.”
Part and parcel of undertaking a project of
such a monumental scale is that unexpected
issues do arise. While nothing major occurred
during this program, there were some minor
matters that had to be dealt with, admits
Stones: “People didn’t map the ground very
well 15 years ago, and we came across things
in the ground that weren’t on the plans, such
as drains that don’t exist anymore!”

“We had to work around the
builders and sheet piling had to
be done at weekends because the
vibration levels affected the dynos”
Phil Stones, chief engineer for propulsion, Millbrook
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with a temperature operating range from -20°C
to 50°C. For many assessments conducted in
the propulsion center – including regulatory,
certification, research and development, and
experimental testing – vehicles are soaked
for 24 hours before the actual test.
It takes approximately six to nine months
to train someone to drive a WLTP
cycle. Simply missing a gear
invalidates a whole test,
so it’s imperative that
test drivers get it right
first time, Stones
explains, otherwise
that is 24 hours
effectively wasted.
No windows

A unique element
of the new test cells at
the Bedfordshire proving
ground is that they do not
have windows. Instead, all are
monitored via cameras. “Historically,
test cells have always had windows – all our
older cells do – but we’ve moved away from
that,” comments Stones.
“One reason is for ergonomics, because if
you have a window [in a test cell], then that
prescribes where the control room has to be.
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