Applications

Four CAN networks for electrical racing car
The Formula Student in Hockenheim gives students the chance to race against
other student – in a car they built themselves. The team from Munich has high
hopes for this year with their electrical racing car.

Figure 1: Four CAN
networks connect the
bus devices of the
PWe6.15

T

he Munich Motorsport team of the University of Applied
Sciences Munich was founded in 2005 and has been
participating in the Formula Student events since 2006. Our
team’s aim is to apply theoretical knowledge from lectures
to the construction of a racing car. Currently the team has
about 70 members from various faculties. Our goal is to
build a racing car, mainly for the Formula Student Germany
Event in Hockenheim.
With our electrical car, the PWe5.14, the team scored a
4th place among 40 other teams at last year’s Formula Student. In the category Cost, the car even achieved a 1st place.
Next year, we will face a new challenge for the electrical
vehicle: because we think we tapped the full performance
potential of a rear-mounted drive with the PWe5.14, we want
to increase the PWe6.15’s efficiency with a four-wheel-drive
system.
Some main characteristics of our PWe6.15 are for example a redesigned Monocoque, which forms the primary
structure of the car, and a powertrain concept comprising
four electric engines with planetary gears that accelerate
the hub. For the data transfer between the technical systems in the PWe6.15, we use CAN technology.
There were three main reasons why we decided to use
a bus technology: usability, flexibility, and simplicity. With
the help of a bus system we were able to reduce the amount
of cables, which resulted in a more condensed loom, an
increased maintainability and a clear arrangement. Moreover, in a racing series without weight limitations, every
team tries to build the lightest car possible, which at the
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same time should have the best track performance. Therefore, weight is a key point in designing and constructing every single part of the vehicle. Consequently, saving weight
was one of the main goals during considerations of the bus
structure. With a lot of analog sensors integrated in the car,
the distances the signals have to travel should be short in
order to avoid signal interferences and non-traceability. As a
result, we digitalize the signals as soon as possible with the
help of micro-controllers and put them on the bus.
A CAN network was chosen since evaluation results
showed that a Flexray network would be too complex for
our use case. Flexray networks are commonly used for
real-time applications, for example driver assistance systems. LIN networks were ruled out, because of the low data
rate of 20 kbit/s. We require a rate of about 500 kbit/s. Furthermore, LIN is a single-wire network with lower reliability
and robustness.
In our car, we use four CAN networks with a rate of
500 kbit/s. CAN network number one is the so called DriveCAN, on which we transmit relevant sensor data and signals
coming from and going to the dashboard. The second CAN
network is reserved for information received from electric
engines, the inverter, and power electronics, which can also
be controlled by means of the bus communication. The third
one is used for receiving data from the battery management
system. Thereby, we obtain an overview of the battery cells’
status and are able to observe running processes. The last
network is required for data of the Correvit and ride height
sensor received by suspension and chassis elements.
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Table 1: Busload calculation for CAN network #1
(bit-rate: 500 kbit/s using the base frame format)
CANIDs

Description
Steering angle, torque encoder,
brake pressure
Dashboard (buttons/rotary
switches)

101h
400h

Data field
Refresh
length
rate [Hz]
[bit]

Number
of bits
[1/s]

64

200

25400

64

10

790

603h

Roll, pitch, yaw angles

64

100

12700

604h

Cluster info (temperature, supply
voltage, body speed, time)

64

10

1270

605h

x, y, z acceleration

64

100

12700

606h

Roll, pitch, yaw rate

64

100

12700

700h

Dashboard (status LEDs, RTDS)

16

10

700

n.a.

Correvit sensor by Kistler

64

250

31750

n.a.

Total data

n.a.

n.a.

98010

The CAN network consists of two drilled wires, which
are connected in a linear bus structure. In order to put analog signals on the bus, we use Atmel’s Atmega64M1 microcontroller fixed on self-developed boards, which are placed
next to the sensors. The utilized micro-controller, which digitalizes the analog signals, has eleven ADCs with a resolution of 10 bit. These micro-controllers are for example
installed in the dashboard to control buttons and LEDs and
one at the rear and the front for acceleration, brake pressure, potentiometers of the springs, gearbox, and tire temperature sensors.
The ID allocation on the CAN network is ordered by priority, giving the highest priority to driving relevant and safety signals. The most important ones have the lowest IDs as
higher IDs are lost in case of an overloaded bus system. For
example, the torque encoder has the ID 101h and a LED in
the dashboard has the ID 700h. To prevent such issues, we
try to keep the busload on a minimum level by adjusting the
bit-rate. With a bit-rate of 500 kbit/s we only reach a busload
of 19,6 %.
Additionally, we can observe and control the busload
with our logger system. The logger records all four CAN
networks and measures the busload, which we can review
in the log files afterwards. For telemetry applications and
live surveillance, we use an extra PCAN analyzer.

Authors
Felix Breuer, Stefan Heise
Munich Motorsport
www.munichmotorsport.de

fusion

– the safety
controller
advanced + safe

PL d Cat. 3 according to EN ISO 13849

powerful + safe

redundant 32 bit CPU and FPU

flexible + safe

safe I/O extensions

adaptable + safe

safe and standard program
w/o feedback

www.intercontrol.de
info@intercontrol.de
Tel. +49 911 9522-851

