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BorgWarner Gen2 eBooster
Advanced Technology for Improved Fuel
Economy and Performance

The growing shift to vehicle system electrification has broadened the use of electrically
supported charging with the recent enhancements now made possible by power
electronics advancements and higher voltages. Driven by these changing industry needs,
BorgWarner has released its 2nd generation of the eBooster. In addition to improved
function and durability, innovations in this electrically driven compressor include improved
electrical efficiency and noise, vibration and harshness (NVH), along with more compact

size to conform with modern small engines.

Dr.-Ing. Hermann Breitbach, Vice President Fuel Injection System Engineering

Dr.-Ing. Ralf Christmann, Director Product Development PC Turbochargers

Dipl.-Ing. Holger Gabriel, Director Engineering Europe CV
Dipl.-Ing. Dietmar Metz, Technical Specialist eProducts

Introduction

Reducing fuel consumption through downsizing
and downspeeding has become increasingly im-
portant to the automotive industry as it strives
to comply with strict emission regulations.
Additionally, in order to provide an improved
driving experience, better low-end torque and
transient engine performance is required. To
meet these growing challenges to deliver both
fuel efficiency and performance, leading OEMs
have turned to different powertrain electrification
methods, like 48V electrical systems. The
second generation of BorgWarner's eBooster
offers significant improvements in both efficien-
cy and performance from high-voltage power
supply by delivering high-power electric boosting
for superior low-end torque and transient res-
ponse with no turbo lag.

The use of electrically driven compressors con-
tinues to increase in support of vehicle electri-
fication, new voltage thresholds, advances in
electric motor, electronics and microprocessor
technology. Designed as a two-stage system
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where the turbocharger covers full load opera-
tion, the second generation of BorgWarner's
eBooster is able to maximize efficiency at low
loads. Higher engine power output is attained
by separating electrical boosting from the
turbocharger so that it can be matched to
higher power, enabling lower backpressure in
manifold and

the exhaust improved gas

exchange.

Continued Innovation

BorgWarner’s 48V electrically driven compres-
sor was first introduced in 2017. It is now fol-
lowed by the second generation eBooster, for
which series production began in early 2020.

Key development objectives for the Gen2 model
were improving operating efficiency along with
enabling continuous usage with 2.5 kW, com-
pared to the earlier model which enabled just
transient boosts of max. 5 kW for 20 seconds
per minute.



The first generation eBooster utilized a perma-
nently excited synchronous motor (PMS) which
reduced the energy requirement during accel-
eration substantially compared to a traditional
reluctance motor. The PMS also significantly
improved both NVH and engine response along
with torque density and efficiency. Based on
these advantages, BorgWarner continues to
utilize the permanent magnet electrical motor in
its latest generation of the eBooster model. To
improve performance even further, the moment
of inertia of the rotor and compressor was
reduced, thus enabling lower power usage and
faster spool-up. See Table 1 for detailed com-
parison of Gen1 to Gen2.

The Gen2 eBooster features many additional en-
hancements: a compressor with reduced inertia
wheel for increased power efficiency, a rigid
rotor designed for higher speeds, a new EMC
choke designed for lower power losses and
enhanced filter effect, a stator linked to the
power electronics for reduced resistance and
improved efficiency, a microcontroller with added
computing capacity for Field Oriented Control
(FOC) and model-based software component
protection for uninterrupted operation. See Fig. 1
for a cross section view of Gen1 vs. Gen2 with
similarities and changes.

Sinusoidal Commutation Advantages
Another important upgrade from the Gen1 to
the Gen2 eBooster is the use of sinusoidal
commutation in place of a block commutation.
Sinusoidal commutation provides a smoother
transition while generating less ripples in the
current compared to more rapid variations with
a block commutation. Sinusoidal commutation
also enables lower eddy current losses in the
electrical motor to deliver higher peak power
and continuous operation of the eBooster.
From the DC voltage, a three-phase commuta-
tion with variable frequency and amplitude is
generated to drive the PMS motor and a sen-
sorless FOC algorithm is used to generate
signals for the switches of the three half
bridges of the power output stage. Table 2
highlights the advantages of sinusoidal over
block commutation.

For operation points at very low voltage or at
high speed with reduced torque requirements,
FOC enables the PMS motor to operate in a
field weakening area by splitting the phase
currents into two vectors of field generating
current (id) and torque generating current (iq).

Additional attributes of the latest Gen2 eBooster
design are faster current and speed control, cur-

Specification Values Unit Gen 1 Gen 2

Speed [rpm] 70,000 72,000

Spool up to 90 % target speeds [ms] 270 190

Max. power (kW] 5 7

Max. current [A] 130 160

Max. pressure ratio [-] 1.45 1.6

Max. air mass flow [kg/hl 500 > 600

Max. duty cycle [%] 1s] 100

Max. boost duration [s] 21 Permanent boost

Table 1: Gen1 vs. Gen2 eBooster key technical data
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Fig. 1: Gen1 vs. Gen2 eBooster cross sections

rent measurement of all three phases, 40us cycle
time of Pl controller, 28 kHz PWM, over-current
protection for the hardware and software and
permanent boost from model-based component
protection.

Fig. 2 shows FOC-related performance enhance-
ments in detail, including power output and torque
of the electrical motor in comparison to the
electrical motor speed. A higher power output is
achieved by the new EMC filter supporting a
more powerful DC supply. For 48V systems
under load and with reasonable state of charge,
voltage is normally at 42V. The limits at low
voltage and higher speed can now be increased
by 55% for a short time through the positive
effect of the field weakening.

Advanced Component Protection

For enhanced component protection, the printed
circuit board (PCB) of the Gen2 eBooster has
three negative temperature coefficient (NTC)
sensors to measure coolant temperature in key
areas along with the power electronic part of the
PCB. A sophisticated model is used to measure
these critical temperatures through the sensors.

Thus, an intelligent derating of the eBooster
secures component protection based on the
highest tolerable temperatures in critical areas.

This temperature model will protect eBooster
components from excessive thermal loads
even in heavy usage conditions. Calculated
temperatures are transferred into a range of
percentage which is used to develop a utili-
zation index, with the highest temperature
setting the utilization index percentage which is
conveyed to the electronic control unit through
the CAN interface. Temperature warnings and
an "over-temperature” alert can then be raised
according to the utilization index.

New EMC Filter Design

Like the first-generation model, the Gen2
eBooster uses an EMC filter between the main
PCB and the DC supply. In order to achieve
the dual objectives of additional power and a
lower cost, a redesign was required. To
accomplish this, a new concept was developed
where the choke was optimized to work as
filter in common and differential mode.

For the Gen2 eBooster, the differential mode
choke and the common mode choke were
combined into one part. With this new design,
the ferrite core utilizes the ferrite outer ring as
the common mode path and the tongue
combined with an air gap and the outer ring as
a defined differential mode path. This provides

Block commutation

Sinusodial commutation

Steep commutation every 60 degrees

"Soft" commutation

Only two phases energized

All three phases energized

Lower computing power

Higher computing power

Higher torque ripple

Smaller torque ripple

Acceptable NVH

Improved NVH

Limited efficiency

Higher efficiency

Table 2: Sinusoidal vs. block commutation comparison
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eBooster motor characteristics at 42 V DC voltage level
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Fig. 2: Gen2 eBooster torque and power advantages

for low DC losses due to the bus bars' low
current density, while the differential mode can
be influenced by the core design with the flux
remaining mostly in the ferrite core.

Added Efficiencies for CV Applications
Due to its configuration, BorgWarner’'s Gen2
eBooster can also be applied to commercial vehi-
cle applications of up to 5 liters of displacement.
The additional combustion air that can be
added through this boosting technology now
makes it possible for medium duty engines to
replace engines 50-60% larger without losing
power or torque, at the same time maintaining
and even improving transient behavior. See Fig. 3
for a stationary comparison of various concepts
on the dyno test bench.
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Fig. 3: Comparison of stationary engine dyno test
results with and without eBooster
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+ eBoost transient

Summary

BorgWarner’s advanced eBooster technology
augments conventional turbocharging by en-
abling engine downspeeding and downsizing,
thus providing improved fuel economy. The
latest Gen2 model uses the 48V board net
level for 7 kW electrical power and, with its
more sophisticated motor controls, continu-
ous operation at 2.5 kW. This optimizes low-
end-torque in steady state engine operation.
Power electronics, electric motor and com-
pressor efficiencies have all been improved,
leading to excellent overall efficiency and a
reduced load on the vehicle electrical system.
Additional key performance improvements such
as electromagnetic compatibility and enhanced
NVH behavior have been achieved as well.
The Gen2 eBooster supplies boost pressure
even at low engine speeds, with a spool up
time of less than 190 milliseconds, for excep-
tional engine response. These advantages are
now available for both passenger car and
commercial vehicle applications.

Contact
Email: technology@borgwarner.com

For more information please visit
borgwarner.com






