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Trends in E/E Architecture (excerpt)

Use of semiconductor fuses
P2 Improved diagnostics possible
Pl Resettable A maintenance free

P2 Optimize wire cross section
A Reduce weight and cost

>

Decentralized power distribution

Several power distribution nodes
supplying certain zones of the vehicle

V|

Reduce wiring harness complexity

V|

Minimize wire length

V|

Reduce number of wires

V|

Save wire weight
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Possible Architectures

Power Backbone

»21 Direct connection between battery
(trunk) and current source (engine
compartment)
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Power Ring

Connection between battery (trunk)
and current source (engine
compartment)

Ring shape to reduce individual wire
diameter

Inherent redundancy for loss of one
connection




Impact of Automated Driving on the E/E Architecture?

P2 No simple relation between degree of automation and impact on E/E A

P2 Most of automated driving scenarios discussed for the near future require fault
tolerant operation at least for a limited time

P2 New power distribution concepts are needed!

.......

Traffic Jam Assist

Park Pilot
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Fault Tolerant Operation: Strategies

Duplication

p1 Two power sources, storages and wiring
harnesses

»1 Additional components
Additional weight
2 Freedom from interference to be shown!

v
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Failure isolation
P2 One power distribution system
p21 Switching elements needed

»1 Can be combined with
decentralized power distribution

P2 Emergency operation after failure
to be shown!




Simulation and Validation Environment

Simulation
P2 Using Intedis energy simulation based on Matlab/Simulink

p1 Utilizing generic models for loads, wires, battery, and DC/DC converter

S @=

Validation of simulation results
P21 Using programmable current sinks as load
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Use Case for Validation

Basing on internal study on future vehicle architectures

High end vehicle

3 voltage system (12V, 48V, HV)

3 kW 48V/12V DC/DC converter (engine compartment) as source for 12V system
12V battery (85 Ah AGM) in the trunk

Average base load ~1.5 kW, average worst case load ~2.1 kW

VEIVEVEVEVEVIERV

Only 12V system evaluated

Load distribution for the vehicle

Colours indicate sum of
nominal loads
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Simulation results (1)
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No problems expected!
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Use Case for Validation (2)

Pl Automated emergency steering manoeuvre to be executed
b2 EPS active
»2 ESC intervention

»1 High power demand for 4 sec
Pl ~ 70 Amps, rise time ~1 ms

p1 Put on top of base load

L ] [ ]
mad-ls © Intedis GmbH & Co. KG.
All rights reserved.




Simulation results (2)

Worst case +
AES manoeuvre
I s :
i = Validation with real DC/DC converter (Hella)
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High voltage drop due to overload of the No voltage drop observed due to short
DC/DC converter term overload capability
») Reduce base load Note: overload capability not part of the simulation

) model
b1 Increase size of DC/DC converter

»1 Add small battery in the front
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Simulation results (3)

PDN PDN
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Validation with real battery and current sink
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High voltage drop between PDNs due to

reversed current path

Huge voltage drop for AES

P2 Increase size of battery
»21 Use Li-lon battery

bedi
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Even bigger voltage drop observed in

validation due to higher series resistance
of battery

2 Increase wire diameter
»2 Reduce base load




Summary

»2 Increasing automation in vehicles imposes requirements for fault tolerant
operation

2 New E/E architecture solutions needed

v/

Isolation of failures in power distribution system necessary

p31 Battery free operation possible (at least with DC/DC converter and for a
limited time)

P2 Emergency operation solely supplied by battery requires adaptions
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P2 A power ring architecture supports the introduction of by-wire functions or
automated driving by offering fail operational power supply functionality without

requiring additional batteries
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High End Vehicle - Behavior in failure cases

Contemplation of four possible failure cases

1. Loss of energy source

2. Failure in smart junction box

3. Loss of energy storage

4. Failure in power supply wires (separation, shortcut)

1 - 1 nss of enernv solirce

2 - Failiire nf amart itinction hny
3 -1 0ss of enerav starane (48\/ hatterv. ar 12\

4 - Failure in power supply wires (e.g. shortcut)

Failure will be detected and the affected supply
wire can be switched off by the two connected
SIBs. Because of redundancy of the ring all
vehicle functions can be maintained. To avoid
an overload of the remaining supply wires
comfort functions will be switched off.

AV/48V
\ DCDC
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