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BorgWarner In Short

// d - !
= © BorgWarner is a worldwide supplier of components and

& parts in the automotive industry
Q,,f | Committed to create technologies to improve efficiency, emissions and
S performance in all types of vehicles

-

Primary divisions

= POWGFPFIYG = g } Part of BorgWarner Sweden AB
Transmission Systems

81 Emissions, Thermal & Turbo Systems
- Fuel Injection Systems
, Morse Systems
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Combustion
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BorgWarner In Numbers
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*Including recent acquisition of Delphi Technologies

/ BorgWarner Sweden AB

Located in Landskrona, Sweden
~ 700 employees
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Power Drive Systems Core Products

XEV Systems
= PO HV
= P148V & HV
= P248V & HV
= P348V
= P448V & HV
= integrated Drive
Module (iDM)

eMachines
HVH (Bar Wound

Electric Management 12V components

= Power Electronic = Starter
S-Wind (Proprietary * DC/DC converter
Continuous Wound

Stator)

=\
-
|

Hairpin Stator) i = On-Board Charger = Alternator
/
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BorgWarner Sweden

© BorgWarner Inc.
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Transmissions Systems Core Products
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Clutch Module
Dual Clutch
Friction and

Separator Plates
One Way Clutches
Torsional Vibration
Dampers
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Hybrid Modules

Hydraulic Control

P2 On- Axis Modules
Modules Transmission
P2 Off- Axis Solenoids
Modules Dual Clutch + High
Disconnect clutch Pressure Control
Up to 3 nested Modules
clutches ’
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© BorgWarner Inc.

Electric

AWD
Axle Disconnects
Transfer Cases
AWD Couplings
Electronic Limited
Slip Differential
(eLSD)

-~

XEV Drive Sub-
Modules
Torque Vectoring/
Disconnect
Transmission
Disconnect Module
ParkLock Module
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BorgWarner Sweden
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Experiences from working with 1ISO26262
and Functional Safety as a supplier
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Requirements Management

A challenge...

Various format of requirements from customers
Everything from DOORS exports to pdf-files and PowerPoints

Several updates during a project

Extensive work to review and identify relevant requirements
Needsto be donein a short period before a quotation
Often only a minor part are relevantto the system to be developed

Level of details in requirements varies between customers

Requirements from customer can be very detailed
Complicates or replaces the breakdown into sub-systemrequirements

Too detailed requirements may impose a non-optimal design of sub-systems

#® BorgWarner



Functional Safety Concept

A moving target...
Safety requirements may be limited or not finalized during quotation or start of the
project
E.g. Requirement may state "system shall be ASIL B” but no information why?

Safety concept is evolving during project and may change when gaining more
experience from prototypes and testing

Including the requirements and their ASIL

#® BorgWarner



Project and Safety Planning

Two different tracks...

HW design s decided before quoting
Is needed to be able to estimate
piece price
Safety mechanisms are not
developed at that time

Customer project planning and safety
planning
Not always aligned due to different
responsibilities
Delays in project plan may not be
communicated whereby safety plan is
not updated

The way safety is organized differs
between customers

For some the safety management is presentin the
project
But may not always understand what system is
being developed

For others project managementacts as a proxy for
safety

Complicates communication when rationale for
requirements or further information is needed

Different extent of project audits and
assessments between customers

Even between different projects for the same
customer

Focus either on process compliance or just on the
implementation of technical safety concept
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Generic Technical Safety Concept

A mission impossible...

Not always possible to design a generic technical safety concept (TSC) ﬁ
vy

Customers may have different safety requirements and ASIL for the
same type of system

Depends on how the system s used in vehicle, & K _
Different understanding of potential hazards and their severity, or >

~;»| CustomerB
Weakness of other components in vehicle may cause failures
impacting the TSC

! —
Customer A I

Safety requirements have a major impact when reusing existing
system / products in new configurations

See examples on next slides...
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All-Wheel Drive (AWD) Systems @

Hang On Front (Transfer Case) Hang On Rear
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Failure to transfer
torque may cause
an oversteering

Example: BW Hydraulic AWD system

Control Module
Input Flange
Pressure Relief Valve
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Clutch Plates

Centrifugal Electro-Hydraulic (CEH) Actuator

Different technical safety concept for different types of AWD vehicle

BN

Hang On Rear

Failure to reduce
transferredtorque
may interfere with

ABS |
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= Direction of transferred torque




Example: BW FADM / RADM

Failure to deliver
torqgue may cause
an owversteering

\\\\\

FADM (Front axle disconnect module) or RADM (Rear axle...)
reduces drag-torque to save CO, or energy when AWD is not
needed

ailure to connect may 4
prevent eMotor/Inverter to
regenerate and impacts :
braking capability

#® BorgWarite

RADM eMotor/Inverter



Summary

Requirements Management
Functional Safety Concept
Project and Safety Planning

Generic Technical Safety Concept
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Thank you!

Combustion Hybrid Electric
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