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E/E Architectures will evolve massively over the next years

Source: McKinsey & Company
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Motivation
Safety of On-Board Power Systems

Evolution of on-board power systems

 More electrification 

 Increasing amount of functionality

 From support function to integral part of vehicle architecture

 Part of the overall E/E architecture including data and power network

 New architectures arising

 Contain safety relevant parts

 Are increasingly safety relevant itself

 Huge number of variants in electrical network topologies possible
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Motivation
Melting Fuses  eFuses

Advantages of eFuses

 Monitoring of voltages in addition to currents

 Centralized diagnosis and power distribution units possible

 Switching between redundant power supply paths to keep safety 
critical functionality available

 Switching off non safety critical loads to keep safety critical ones 
running

 Taking wire temperatures/heating into account (i2t)

 Much shorter switching times compared to melting fuses

 Fine tunable trigger thresholds

 Not to be replaced in case of over current, just reenabled

 Fail safe becomes fail operational
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Test Bench for Fuses and eFuses

Test bench @ TU Dortmund

Measurements to parameterize and validate the fuse models

 Melting fuses as well as eFuses

 RC loads to emulate the input behavior of an ECU

 High-current relay initiates a short circuit fault

 Transient voltage and current pulses of the fault
and the subsequent fuse switching are recorded
using an oscilloscope
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Modeling of eFuse

SimScape model by TU Dortmund

 Result of modeling, measurements, and parametrization

 Simple model to start with (electrical behavior)

 Template for Modelica model

eFuse ICs Infineon BTS50005-1LUA 
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Modeling of eFuse
Electrical behavior

Extended Modelica model for electrical behavior

 enable – switching the eFuse on and off

 reset – resets after triggering

 tofire – indicates imminent triggering

 fired – eFuse has just been triggered

 Parameters

 OCP current, time, trigger current, time, time for tofire
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Modeling of eFuse
Thermal behavior

Modelica model for thermal behavior

 Radial model of thermal wire behavior

 Takes into account

 thermal capacitances and resistances of wire and insulator 

 geometrical properties

 Heat convection as well as radiation to environment

 Ambient temperature and current flow



public

Library OnBoardSystem

27.05.2025 © Fraunhofer IIS/EASSeite 10

PowerSupply PowerDistribution
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Library OnBoardSystem
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ECUs Loads
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ComponentFaultModels

eFuse

ComponentFunctionalModels BasicFaultModels LoadModels MonitorModels
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Switch-off logic for non-safety-relevant loads

eFuse

Non-safety-critical loads

Safety relevant load
(switches from 1 to 0.5 Ω at t=0.2 s)
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Switch-off logic for non-safety-relevant loads

Voltage at safety relevant load

current through main eFuse
(25 A trigger current)

time [s]
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Reset after firing

Multiple retries to supply critical load
with power
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Reset after firing

 Load resistance drops from 1 to 1.3 s

 eFuse fires and und will be reset three times

 Fault-free state of the load reached again
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Three levels of eFuses

eFuse level 3

eFuse level 2

eFuse level 1

 No backbone

 star-shaped backbone

 Backbone from PDU to PDU

 Level 1 overcurrent  Level 1 separates
 Level 2 overcurrent & all (Level 1 no overcurrent | disabled)  Level 2 separates
 Level 3 overcurrent & all (L2 no overcurrent | disabled) & all (L1 no overcurrent | disabled)  Level 3 separates
 Switching on the backbone
 eFuses of backbone the same as eFuses of normal PDU interconnects
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Switching Heuristics
Three levels of eFuses

eFuse level 3

eFuse level 2

eFuse level 1

Power distribution unit
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Virtual Development and Validation
Automated model generation

KBL/XML import

Modelica export

JSON intermediate format

SystemC AMS export
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Simulation using fault injection

Dynamic fault simulation 

Simulation of nominal system behavior
 Simulation of relevant test cases for the design under test (DUT)
 Using typical stimuli and checks to verify fulfilment of characteristics

Clear separation between 
 What to test: design under test (DUT) and 
 How to test: description of stimuli and evaluation

Fault injection
 Using a fault library (open, short, overvoltage, contact resistance, …)
 Inserting them into the DUT at possible locations

Avoiding bugs due to insertions of test artifacts
 No DUT code change required
 Faults are only inserted at runtime

Execution

Test 
description

Execution of a SystemC simulation

stimuli checkerDUT (nominal case)

Fault 
library

Fault2

Fault1
Fault3

Fault 
description

Principle of dynamic fault simulation
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Virtual Development and Validation
Flow automation

Integrated simulation and assessment flow

Selection
 Topology variants
 Operation scenarios
 Faults (type, parameters, location, …) 

Instantiation
 Required component models
 Fault models from libraries

Automated execution
 Simulation runs in batch mode
 Collection of simulation results
 Evaluation of safety metrics

Depiction of results

Automated 
evaluation

Fault distribution 
or probabilities

Component 
models

Fault 
models

Operation 
scenario

On-board 
topology 
variants

Best topology

Developed simulation and assessment flow
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Virtual Development and Validation
Dashboard
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Simulation based safety assessment 

Modern E/E architectures
 On-board power systems are rapidly evolving
 Electrical system becomes part of safety relevant infrastructure
 Advantages of eFuses compared to well known melting fuses

Model-based systems engineering
 Develop and test eFuse switching heuristics
 Validate fulfilment of safety goals for all investigated variants

Tool prototype
 Automated nominal and fault injection simulation
 Assessment of safety metrics and ranking of results 

Future developments

Including more load components and eFuse variants in the libraries
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