Applications

Lock and load: LEVs for
public infrastructures
Pedelecs, e-bikes, and other LEVs (light electric vehicles) are gaining
acceptance: China is the biggest market with 28 millions sold in 2013.
In Western Europe only 500 000 pedelecs will find a buyer this year.
Links
www.bosch-ebike.de
www.brose-ebike.com
www.conti-ebike-system.com
www.emtas.de
www.pironex.com
www.ridebionx.com
www.shimano.com
www.stromerbike.com
www.transxpst.com

Bosch's success
has made other
automotive suppliers
interested in the LEV
market.

Related article
Energybus: an open
specification for LEVs
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Figure 1: One-stop-shopping – Bosch is
the market-leading supplier for electric
and electronic pedelec and e-bike
components, most of which provide CAN
connectivity (Photo: Bosch)

M

ost of the pedelecs
(pedal electric cycle)
developed and produced in
Western countries use CAN
communication to integrate
motor, battery, charger, HMI,
and other electronic units.
Most of the Chinese ones
don’t use electronics. They
offer no safety at all: Some
batteries blow-up and burndown cottages and houses.
This would be a “no-go” in
Western countries.
Today most pedelecs
are charged at home using the charger coming with
the battery. But the future
may look different: Several
tourist regions are prototyping pedelec rental systems
including public charging
stations (e.g. Tegernsee in
Bavaria). The same is happening in some cities (e.g.
Rostock, Barcelona, and
Copenhagen). For such
public charging infrastructures, standardized solutions need to be developed.
The IEC has already started a standardization activity: Under the IEC 61851
series the IEC technical
committee 69 will publish

a technical specification of
the CAN communication
between charger and battery. CiA has submitted the
related parts of its CiA 454
CANopen application profile for energy management
systems. This includes the
battery, the AC/DC converter, and the DC/DC converter
with all the necessary predefined PDOs. The CiA 454
profile also intends to specify the CANopen communication of embedded pedelec
units such as motor, lock,
HMI, and gateways to other
communication systems.

Bosch: dominant
supplier in Europe
Bosch’s pedelec motors
drive about 300 000 LEVs
in Europe. This is a market
share of about 25 percent.
The market-leading automotive supplier started in 2009
with the pedelec business.
Engineers from the electric
tools business and the automotive departments joined
forces. In global terms, the
pedelec business is still a
very small part of the Bosch
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enterprise: the company produces 32 millions of electric tools and 80 millions of
small motors for use in passenger cars. Nevertheless,
the German company is investing into the pedelec future. Recently, the Active
line and the Performance
line of drives for pedelecs
(up to 25 km/h) respectively for e-bikes (up to 45 km/h)
have been launched. Available next year, they substitute the Classic line drives,
which are no longer competitive. The production facility
is in Miskolc (Hungary).
The success of Bosch
in the pedelec business has
made other automotive suppliers interested in the LEV
markets. Continental, another German car supplier,
will start mass production of
electronic units for batterypowered two-wheelers soon.
The company offers a complete drive system consisting of motor, display, control
unit and battery. This modular system is positioned in
the premium segment and is
smaller, more powerful, and
lighter than other concepts

currently on the market.
The motor itself is small. It
weighs just 3,4 kg and is integrated right into the frame.
This makes for a particularly
harmonious activation of the
system and enhances riding comfort. Bicycle manufacturers can configure the
system according to their
needs. For instance, batteries are available for installation on the luggage rack or
on the lower tube and in various capacities as well. Continental will set up a service
network of its own to actively
support OEMs and dealers.
"Our customers in the
two-wheel industry obtain an
optimally tuned benchmark
system composed of highquality components," noted
Regina Arningfrom head of
the Contitech Power Transmission Group. This department has been developing
and manufacturing drives for
motor vehicles, motorcycles
and machine engineering
applications for many years.
"Our strength is in the area

of systems integration. The
nature of the frame makes
this a very important issue in
the case of bicycles. Manufacturers who opt for Continental drive systems do not
have to alter the length of
their standard frames." Continental designed the system together with its partner
Benchmark Drives and is
developing it for serial readiness. In the meantime, Continental bought its partner.
After a successful sampling
by OEMs, Continental will
start production in the fourth
quarter of 2014. Of course,
the embedded network is
CAN-based. Information from
the CAN-based system can
be accessed with complimentary software. Information on performance data,
charging processes and
user behavior will support
system analysis and maintenance. Technical support
is available through a hotline providing information
about products and sources of supply. The service is

operated at a central service
center in Frankfurt. Training
courses specially tailored
to the needs of manufacturers and dealers will start in
spring 2015. In 2015 at the
latest, users will be able to
buy LEVs equipped with the
system. The goal is to garner a two-digit share of the
e-bike and pedelec market.
Brose, a German manufacturer of electric motors
for the automotive industry, is also entering the LEV
market. In July, the company started serial production of LEV motors in Berlin
(Germany). According to the
company, it is the only supplier of drive systems "Made in
Germany". The first customers include Bulls and Pegasus (both ZEG) and Rotwild.
Brose has invested €3,4
million in the set-up of production capacities. "Today
clearly marks a significant
milestone in Brose's history as we celebrate for the
first time the transfer of our
group's technical expertise

and values to a new market in
exactly the same city where
Max Brose founded his first
company in 1908," said Michael Stoschek, Chairman of
the Brose Group. "Our aim is
to become the No. 1 supplier
in the premium segment by
offering top technology and
quality, and then gradually
enter the classes below. The
expectations are high and
encouraged the other shareholders and me to take this
step and create the necessary technical and personnel
conditions," he added.
Over the last three
years, Brose's engineers
have developed the drive
system for e-bikes based
on its steering motor for vehicles that had already been
produced millions of times.
In the beginning, they participated in the CiA 454 specification group. The launched
drive still provides CAN connectivity, but the messages
are proprietary, because in
CiA 454 there is no drive interface specified yet.
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Similar to the development of cars, Brose has
extensively tested the drive
in laboratories and done
some driving tests under
extreme conditions in the
Alps, covering more than
100 000 km since July
2013. Christoph Bantle
working with Brose stated:
"Our motor runs virtually silent and vibration-free. The
highly sensible sensor system ensures smooth, yet
powerful pedal assistance,
thus addressing different
target groups.
In addition to the inhouse manufactured drive,
the company also offers
customized complete systems on request. Manufacturers can choose from a
range of components required for the design of an
e-bike: from display- and
wiring-harnesses to fixtures welded to the bicycle
frame. The batteries are
supplied by BMZ (Germany). It is possible to integrate the drive and battery
into the frame depending
on the customer's requirements and to adjust the
housing covers individually. The driving behavior
can also be customized: for
instance, the delay in
pedal assistance activation and intensity can be
varied depending on the
model.
In May this year, the
premium bicycle manufacturer Rotwild presented the
versatile All Mountain R.Q1
e-bike fitted with a compact mid-motor supplied
by Brose. The battery is integrated in the supporting
framework, enabling the
R.Q1 to retain its individual appearance and sporty
handling, even in the hybrid version. The mountain
bike with Brose drive will
be available this fall. At the
same time, Brose will start
supplying Bulls and Pegasus models (both ZEG).
Negotiations are underway
with other manufacturers.
According to Sven Bernhardt from Brose, Continental is brand-labelling the
drives by Brose.
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Figure 2: More big ones enter the market – Continental is
going to supply electronic units for pedelecs and e-bikes
including drives (Photo: Continental)

CAN communication
prevails
Like most of its competitors Tranzx (Germany) has
implemented a CAN interface in its M25 central motor. Via CAN the motor performance can be steadily
monitored and errors can be
detected immediately. The
Canadian BionX company
supplies CAN-connectable
units for pedelecs and other LEVs including caddies
as well. The company started with I2C-linked units, but
switched to CAN as early as
2009 because of its superior robustness and higher reliability. As with most suppliers, the CAN communication
is based on a proprietary

higher-layer protocol, which
is why system designers
do not have the choice to
select units from different
suppliers. Most of the OEMs
are fine with this situation:
They have no profound electronic background and experience. They are mechanical-driven companies
and happy to buy a carefree package from one single
supplier. The tradeoff: They
are dependent on one supplier. And the suppliers reinforce this development: “The
charging of Lithium batteries is so dangerous and electronics is so complex, we
provide a safe turnkey solution.” Some customers start
to wonder if suppliers want
to protect the end-user, or if

Figure 3: Made in Germany – Brose’s mid-motor weighs
3,4 kg and generates up to 600 W; this is obtained through
use of weight-reduced, yet higher-strength materials
(Photo: Brose)
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they also want to protect their
markets.
First OEMs start to take
the open way, buying from
different suppliers and/or developing their own electronic
units. Stromer (Switzerland)
is such an example, building
high-end pedelecs based on
the CiA 454 specification. In
the high-end market, there
are also hobbyists creating
their own bicycles out of mechanical components, which
are highly standardized and
interoperable. They like to do
the same with electrical and
electronic components. In
Internet forums they discuss
how to re-engineer the CAN
communication (see insert
“Hacking CAN messages”).
The market-leading suppliers were surprised about the
knowledge of those sophisticated end-users.
There is also a trend
similar to the car industry: In order to successfully
sell vehicles, it is not sufficient to provide a drive system. The customers want to
have some other treats as
well, e.g. connectivity to their
smartphones, an electronic
gear, and many more. Bosch
has therefore teamed up
with Shimano. Users can decide whether they want their
gears to shift automatically in line with their cadence
(Nu-Vinci, technology from
Fallbrook) or speed (Sram),
or to select the ideal gear
themselves with the electrical assistance of paddles
and gear shifting recommendations (Shimano). These
built-in gear shifting components promise comfortable
pedelec cycling along with
a higher level of safety and
a harmonious overall design. The electronic solution
will be launched on the market in Spring 2015 combined
with the above-mentioned
Active line and Performance
line and the Intuvia on-board
computer.
What the solutions
have in common is that the
components are not only
supplied with electricity
and operated electronically but that a genuine data
interchange takes place via

The WAGO-I/O-SYSTEM 750 –
One System for All Applications!
CAN be connected to any fieldbus
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Figure 4: Stromer's ST2 provides 500 W of power and 35 Nm torque with a range of up to 150 km (Photo: Stromer)
CAN. This data interchange
enables coordinated and
optimized gear shifting and
shows the gear or cadence
that is currently in use on the
display. Bosch’s Intuvia is an
operating computer that can
be attached to the handlebar. It has a separate control
unit, which is also attached
to the handlebar and can
be used without taking the
hands of.
The integrated NuVinci technology is based
on a predefined pedaling
cadence preference. The
H|-Sync gear system, connected to the e-bike system
via the Bosch interface, adjusts the transmission automatically to the preferred
cadence, both uphill and on
the level. Even when cycling
uphill, the system adjusts
the gearing automatically.
Thanks to H|-Sync the pedaling cadence can be adjusted to between 30 and 80
revolutions per minute via
the display and the Bosch
Remote. The cyclist specifies gradually how intensively he or she wants to pedal.
The seamless N360 hub ensures smooth gear shifting.
H|-Sync dispenses with the
Nu-Vinci display. The advantage is that the user has all
of the important information
available at a glance on the
display (gear and cadence
screen). Alternatively, manual gear shifting with defined
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settings is available as an
option.
The Shimano builtin gear system is suitable
for users who shift gears a
lot and enjoy shifting gears
and like or prefer shifting
gears fast. The system is
based on manually operated electronic gears in combination with the Japanese
company’s Di2 Alfine-8 and
Alfine-11 or Nexus-8 internal hub gears, all of which
can be controlled electronically via a Di2 adapter and
CAN. While shifting gear,
the motor is throttled briefly, which makes the process gentler and smoother.
Di2 is Shimano’s proprietary
CAN-based solution. The
above-mentioned adapter
is a bridge/gateway device.
It wouldn’t be necessary, if
CAN communication were
standardized.
The Shimano controls
have a sporting feel to them.
Paddles enable the user to
shift gear up or down swiftly. The gear that is in use is
shown on the display. For the
first time the system incorporates the Bosch gear recommendation, which helps to
make better use of the battery’s power by means of an
arrow on the on-board computer display.
The Sram Dual Drive
3 Pulse is also automatic,
but based in this case on
speed. The DD3 hub can be

combined with a cassette
(with up to ten sprockets)
and shifts gear automatically in three stages, subject
to speed. Users can therefore enjoy the ride, including the acceleration, leaving
the system to handle everything else. Even when starting, the right gear is always
in place. This version does
not require extra control, the
system functions on its own.
Fewer components on the
handlebars ensure an improved overview and a leaner appearance.

Operating pedelec
fleets
Operators of pedelec fleets
are also in favor of open interfaces. In particular, they
are interested in a generic
charging infrastructure. The
German post administration runs a fleet of more than
6000 pedelecs, which will
be increased in the near future. The German DB Bahn
railway administration buys
pedelecs that their customers can rent. Same situation:
two-wheelers from different
brands need to be charged
at the very same station. In
order to overcome this, a
standardized interface is required.
Recently, CiA has published the second version of
CiA 454. CiA and Energybus members have jointly
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developed this CANopen
profile. Energybus is also a
nonprofit association. The
official release of the new
version took place in the
Emtas facilities in Merseburg (Germany). Emtas is
one of the active parties who
developed the specification.
The company also provides
a CiA 454 starter-kit and designs a CiA 454 test-tool
on demand of the Energybus association. CANopen
hardware for CiA 454 devices is available from Pironex. The hardware is used in
public charging stations in
several German cities (Bremen, Chemnitz, Hanover,
and Rostock). The company also offers an Energybus
CAN-logger device and other products supporting the
CiA 454 specification.
Hannes Neupert from
Energybus said: “The idea

Figure 5: The future is open –
the PiCAN charger complies
with the CiA 454 and the
Energybus specifications
(Photo: Pironex)

It is so easy. Just connect a recording device to the
CAN-lines and analyze the content of the captured
messages. In 2012, the following CAN traffic trace
extract was published in an Internet forum:
…
33 0 7 0 8 130 146 0 0 0
34 0 7 0 155 0 0 119 15 0
35 0 8 4 0 0 0 0 0 0 0
48 0 8 0 200 39 0 80 5 0 80
64 0 3 16 128 1
33 0 7 0 8 130 146 0 0 0
64 0 3 16 128 1
33 0 7 0 8 130 146 0 0 0
…
The highlighted frame uses the CAN-ID 48. The flowing
“0” indicates a data frame. The “8” represents the datalength code. The next “0200” was not decoded. But
the following “39” was interpreted as battery voltage
given as an integer value in volt, and the “080” was
taken as 80 percent battery capacity. The following “5”
was assumed to be the number of bars to be shown
on the instrument. The following value was always
constant (0) and the last “80” did not change during
the recording. Most of the diagnostic CAN messages
in passenger cars have also been decoded. You can
reverse-engineer any CAN communication with the
support of cheap tools. And the chance that nobody
does it is slim – except if you encrypt the data, which
also needs to be transmitted securely. But this is costly
and the LEV markets are price-sensitive.
for a unified standard came
about as part of work being
carried out for the electric
bike fleet of Deutsche Post
AG in the early 2000s. In
2004, the idea of Energybus
was introduced for the first
time at the LEV Conference
in Taipei, and in 2009, the
first connector for it was presented. Now, with the significantly extended version 2.0
of this communications protocol the era of industrialization of the Energybus can
begin. Several of the over 60
member companies already
have Energybus compatible products in their range
- and many more are under
development.”
The CiA 454 protocol
doesn’t just define communication between charger and
battery. In fact, it’s also valid
for communication within the
bike itself. So bike components, starting with the drive,
sensors and the power management system and ending
with the user display, can all
communicate with each other. Furthermore, the protocol

also enables software-activated immobilization of bikes
via a charge-and-lock cable,
in a manner similar to a car
immobilizer.
Hannes Neupert reported that Energybus and
VDMA have agreed to standardize networked batteries
for forklifts based on Energybus: “With this collaboration
we are living up to our principles of encouraging innovation and competition in the
open market. When it comes
to the ‘Modular Multi-Use
Battery Systems’ project that
means making the standard
accessible to even more sectors and customer groups.”
Bernhard Hagemann from
VDMA added: “This collaboration will actively enable us
to bring know-how and experience from Energybus in
the field of communication
in energy systems to the development of standards for
high-performance modular
batteries. That is very worthwhile and an important step
forwards.”
Holger Zeltwanger
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