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Abstract

The automotive industry is facing two major chafjes to cope with: environmental targets resulthognf
the 2 Conference of the Parties in Paris and safetyirements, in particularly for autonomous driving.
The diesel gate is forcing the OEM’s to increagepbwertrain electrification from xHEV to full batiy
vehicles to meet the stringent future environmerggllations.

Vehicle electrification and autonomous driving (A&e challenging the electrical board net of atidkof
vehicles. The need to safely disconnect the boatdnnthese kind of vehicles requires certain conepd
features, like fast switching, handling high cutseand safe disconnection. These components have to
developed according to ISO 26262 and dependindgi@mpplication, need to fulfill ASIL B, C or D. Thi

paper describes the recent core development osghecher Automotive Electronics.

Keywords: autonomous, battery management, BEV, PsiEsty

1 Introduction

With its innovative products and solutions, autar®tsupplier Eberspaecher is making an active
contribution to environmentally sustainable, cortdbte and safe mobility. In exhaust technology,| fue
operated and electrical vehicle heaters, air-camditg systems and automotive electronics, Ebecdyae

is one of the sought-after innovation partnershefihternational automotive industry.

The Automotive Controls division has been estaklisin 2014 and specializes in high-performance,
reliable products for power distribution, energy magement and comfort systems. Eberspaecher’s
contribution to autonomous driving in the vast figm sensors to actuators is safe and intelligenter
distribution in terms of MOSFET based switches. €leetronics specialists within the group of compan
develop and manufacture products in Germany (LaadduEsslingen) as well as Canada (Toronto) for the

global automotive market.
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Vehicle electrification and autonomous driving ateallenging the electrical board net of all kind of
vehicles. The need to safely disconnect the boetdnrthese kinds of vehicles requires certain comept
features, like fast switching, handling high cutserand safe disconnection. Eberspaecher deveddps t
made solutions for customer specific electricalrdawet architectures.

2 Vehiclearchitecture
Each OEM has its own electrical board net architectSo, even if the main functions are almost kgua

detail they differ a lot in component requiremer@garting from the typical Start/Stop function, w&n
distinguish three main topologies:

» 1 battery topology Starter Current Control (SCQYy(HE)
» 2 battery topology with switches (12 V/12 V micrghkhid topology mHEV)
* 1 or 2 battery topology with switch in HEV or PHEV

SCC with second switch as
»Pyrofuse replacement* (starter line potential free)
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®

Fig.1: Typical 1 battery topology with Starter Gamt Control

Figure 2 shows a typical 12 V dual battery archite; and Figure 3 a possible simplified hybrid
configuration.
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Fig. 2: Simplified dual battery topology (12 V/12rvicro-hybrid)
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Fig. 3: Simplified hybrid architecture
The high voltage battery (eg: 350 V) can also Ipéaed by a 48 V battery

Autonomous driving requires a multiple battery tiygy to fulfill all the safety requirements. In ¢htase a
safety switch is absolutely necessary for sepayaimd connecting these two power nets. Eberspaecher
Automotive Electronics develops these productstedlato safety switches for different board net
topologies.

The following represents the SAE nomenclature ¢t tfie autonomous driving levels:

MONITORED DRIVING % NON-MONITORED DRIVING
( DRIVER PARTIAL \I { CONDITIONAL HIGH FULL \I
ASSISTANCE AUTOMATION AUTOMATION AUTOMATION AUTOMATION
Driver carries out Driver must Driver needs no No driver
all lane holding or continuously lenger continuously necessary in
lane changes menitor the meniter the system. special
system Must potentially be applications

available to take
over

System handles
lane helding and

changing in a
specific application System can handle
System handles case. Detects limits System can handle [ all situations
lane helding and of system and asks all situations automatically
lane changes in a the driverto take automatically in during the entire
System handles special apllication over with sufficient the specific trip. No driver
the other function case warning application case needed

Fig. 4: Nomenclature for autonomous driving lewasording to SAE

Depending on the level of autonomous driving theisaleveloped for, different technical solutiomsia
requirements are needed.
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Fig. 5: Simplified Level 3/4 AD EE Architecture ofHEV (12 V or 48 V)
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Fig. 6: Simplified Level 5 Autonomous Driving E/Ehitecture of BEV

Figure 5 shows simplified 12V dual battery arcHitee for level 3 and 4 assisted and highly autochate
driving. Figure 6 shows a possible redundant HVHoArd net of a BEV designed for level 5 Autonomous
Driving. In both configurations Eberspaecher’s AD@8itonomous Driving Safety Switch) is shown;
additionally figure 6 shows the BBSM (Battery andaBdnet Safety Switch). Typical safety loads are
actuators like brakes, electrical power steerimgntfand rear), sensors (e. g. camera, lidar, yadat the
Domain ECU in charge of firewall, eHorizon, Map ddbject fusion.
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2.1 Vehicletypical requirements

By having so many different board net architectudezomposing the vehicle board net in vehiclelsing
component requirements is not an easy task. Ipaise several years’ competences have been buiit up
order to identify if and when modular approacheasdible or requires too much customization. In gene

the key vehicle requirements for this kind of boaed can be synthetized as follows:

e System ASIL rating B to D
« Redundant supply of components critical to safstgdring, brakes ...)
e Failures in the board net must not influence thgpluof components critical to safety

e Secure emergency stop (after critical incident wiB0 seconds)

2.2 Key component requirements

The key component requirement that can be considesécommon” is the capability to safely disconinec
the board net in certain defined cases. Functisafalty requirements, the current at different tenampee
and the maximum current are some of the valuesdistarmine the basic design of the switch. In auldit
to hardware requirements and its technical impleatem, different software content makes the switch
more or less “intelligent”. Both hardware and safterrequirements need to be developed accorditigeto
safety vehicle requirements, which can result difi@rent ASIL classification, from typically B tB. The

typical and essential base requirements are sl

e Secure open by command or autonomously (e. g. afpenreaching a certain threshold)
e Secure no unintended switching

e Low switching time

e Secure opening of switch under load

* Secure open in case of a voltage failure of thedpat

e Secure open in case of a short circuit

e \oltage and current measurements of the board net

e Secure diagnostics of the health state of the bwitc

Depending on application, several different basepmments have been developed. Figure 7 shows the

relevant existing products.
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Fig. 7: Typical switches for different applicatioom a simple start / stop in single and dudpgtconfiguration up
to a HV Hybrid configuration.

2.3 Keytest results

Derived from the key requirements the following maiems are an evidence of the reliability of
Eberspaecher’s components.

« High life endurance represented by high switchipges (Tymp= 125°C, Luitch = 200A)
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Fig. 8: Avalanche Pulse at typical life endurarest.tTest end at 1,2 Million switching cycles withavear out

« Robustness in typical external failure cases

Switches in high current path cannot be protectgdnst overload with temperature sensors. Therefore
another smart protection solution is necessary.
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Fig. 9: Short circuit/overcurrent protection ofayer MOSFET (overcurrent 1000A);
goal: switch off before reaching maximum temperaflit
C1: Udrop = voltage over Drain-Source; C2: Tc =€snperature MOSFET; C4: | = current; M3: Tj =gtian
temperature MOSFET

Also in case of current flow through the intrinsiiodes of a power MOSFET it is not sufficient tayon
protect the MOSFET with temperature sensors. Theled circuit/overcurrent was developed.

1MQ §,:20.0M «T® 500w 5.0s 1.0kS/s 1.0ms/pt
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Fig. 10 short circuit/overcurrent protection of@yer MOSFET (overcurrent 300A over the intrinsiod#s); goal:
switch of the MOSFET as long as they can.
C1:Uyp = voltage over Drain-Source; C2,F silizium diode voltage MOSFET,; C3,F temperature tab MOSFET,
C4: | = current; M1: P= power dissipation bodydiode

e Self-Diagnostic:

Whether coasting, start/stop or autonomous drivitigerspaecher Automotive Electronics detects with
patented self-diagnostics, the switch to be cloepdned or defect (low or high ohmic), with a 100%
reliability.
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Fig. 11: Patented self-diagnostic proofs 100% dete®f low and high ohmic short circuits of MOSEFT

3 Conclusions

The youngest division of the Eberspaecher Grouader in safe switching of high currents based on
PCB’s technology. From less complex products fartsstop functions in different kind of E/E-
architectures, the team is evolving the productfplio to high performance safety switches and exyst
for autonomous driving vehicles. A no wear-out comgnt for safety application is certainly an obgiou
gain. Mastering high currents with high switchinggguency and in parallel controlling the thermal
behavior is the core competence of the developrtrearh. With this key knowledge it is possible to
transform the product portfolio from start-stopaotomated driving. Several new products are cuyrent
under development in co-operation with leading roakers. The fulfillment of customer requirements by
maintaining a higher degree of concept modulasity challenge. If automated driving is taking platéhe
announced pace, it is necessary that more stamddrotquirements or standards will be agreed bgdhe

makers to drive the costs down.
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Nomenclature
OEMs — Original Equipment Manufacturer

BEV — Battery Electric vehicle

HEV — Hybrid Electric vehicle

mHEV — Mild Hybrid Electric vehicle
PHEV — Plut-in Hybrid Electric vehicle

ASIL B, C or D — Automotive Safety Integrity Lev@levels Ato D)
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ADSS — Autonomous Driving Safety Switch

BBSM — Battery and Boardnet Safety Switch

MOSFET — metal oxide semiconductor field-effechsiator

E/E architectures — electrical / electronic aratiiiee

PCB — printed circuit board
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