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HVBMS Reference

Design Overview




HVBMS Reference design

three reference designs covering all HVYBMS functions

NXP offers a full system reference design . CMU

suitable for ASIL compliant BMS systems

HVBMS Reference design strategy

HVBMS-RD Hardware
Three main application boards:
* BMU (Battery Management Unit)
» BJB (Battery Junction Box)
* CMU (Cell Management Unit)
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HVBMS-RD Software
Production ready Software including
safety library implementing necessary
safety mechanisms

HVBMS-RD Safety analysis

Full documentation, database and
analysis for a full ASIL D BMS



The Big Picture
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CMU cluster 4b

I BMU, CMU, BJB
. hardware incl.

CMU cluster 3b

schematics
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Full safety analysis
with complete safety
documentation

HVBMS Reference Application

Diagnostic Function

HW function Measurement

diagnostic Cell Balancing
Fault handling Battery State

= 532K3 Real Time Drivers S39K3 SAF
@ MA&%ARSAET“ S32K3 SCST
S32K3x MCU
Software and tools for the
BMS and S32K3 devices, "
for AUTOSAR =)
and non-AUTOSAR .
ISO
NS/
NXP.com/hvbms



https://www.nxp.com/design/development-boards/analog-toolbox/high-voltage-battery-management-system-hvbms:HVBMS?tid=vanHVBMS

NXP system solution
a visualization

« Application Notes

- Demo / Ref. Software
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- EVBs

« Datasheets -

Production Grade devices’ CDD and Safety Libraries
Reference HW to satisfy up to B-Samples

Reference SW and integration of SW components
Reusable 1ISO 26262:2018 Analysis and Collaterals
System level examples on devices integration
Integration Partners network

Functional safety partners network

System validation collaterals for reference

Ref. process to support fulfilment of safety and quality standards
Local Support

Application Notes

EVBs

Datasheets



3D (HW/ sw/ FuSa) System Solution Maturity Model

Hardware
Evaluation Demo Kit Reference board
-

Reference Software Advance Evaluation KIT
e Evaluation board

« Basic customer package
- Reference SW
GUI to drive EVB

HW Demo Kit HW Reference board
Solution HW + Solution HW targeting B-Sample
Firmware & driver SW - Firmware & driver SW (optional)
(optlonol)

Production Ready SW HW reference design Full System reference design
+ Solution HW + Solution HW targeting B-Sample

* Ref. + Prod.ready SW « Reference + production ready SW
+ Functional Safety package

Solution Reference Kit
+ Solution HW targeting B-Sample
« Demo SW

System reference design
+ Solution HW targeting B-Sample

+ Reference SW
+ Functional Safety Package (opt.)

COMPLEXITY

Production ready

Production System

HW targeting C-Sample
Production ready SW
Certified FuSa package
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800+V BMS Reference Design architecture
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800+V BMS Reference Design architecture - Upcoming
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Typical (Helicopter view)

safety development flow
context definition: Powertrain (AoU)

concept creation
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_  S32K3 Real Time Drivers
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System development process

» System design flow (simplified): From powertrain domain to BMS HW and SW solutions

System context System concept System technical “Tape out” +
definition: Powertrain creation (FSC requirements and Validation + System
(Aou) architecture (TSC) - integration

-9
D

« System development and IC development: Where do they match?

Functional Safety Concept Technical Safety Concept

BMU/CMU/BJB | -
Ic Safety Concept va-

D-evel'épmfe‘nt
Process
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HVBMS - ISO 26262:2018 tool-based Development Flow

1. Vocabulary

2. Management of functional safety

| 2-5 Overall safety management

‘ ‘ 2-6 Project dependent safety management |

2-7 Safety management regarding production,
operation, service and decommissioning

3. Concept phase

4. Product development at the system level

roduction, operation,

4-5 General topics for the product

| EHB e il ‘ development at the system level

service and
decommissioning

4-7 System and item integration
and testing

3-6 Hazard analysis and risk
assessment

‘ 4-6 Technicalsafety concept ‘

|4-8 Safety validation ‘

7-5 Planning for production,
operation, service and

|3-7 Functional safety concept ‘

decommissioning

‘ 7-6 Production

12. Adaptation of ISO 26262
for motorcycles

7-7 Operation, service and
decommissioning

12-5 General topics for adaptation
for motorcycles

55 General topies for the product
development at the hardware level

6-5 Gefieral topics for the product
development at the software level

12-6 Safety culture 5-6 Specification of hardware

safety\requirements

6=6 Specification of software
safety requirements

12-7 Confirmation measures 5-7 Hardware design

6-7 Software archtectural design

5-8 Evaluation,of the hardware
architectutal metrics

12-8 Hazard analysis and risk

6-8 Software unit design and
implementation

assessment 5-9 Evaluation ofisafety goal
violations due to random

hardware failures

12-9 Vehicle integration and
testing
12-10 Safety validation

5-10 Hardware integration and
verification

6-9 Software unit verification

6-10 Software integration and
verification

6-11 Testing of the embedded
software

8. Supporting processes

8-5 Interfaces within distributed developments 8-9 Verification

8-14 Proven in use argument

8-6 Specification and management of safety
requirements

8-10 Documentation management

8-11 Confidence in the use of software tools

8-15 Interfacing an application that is out of scope
of IS0 26262

8-7 Configuration management

8-12 Qualification of software components

8-8 Change management

8-13 Evaluation of hardware elements

8-16 Integration of safety-related systems not
developed according to ISO 26262

9. Automotive safety integrity level (ASIL)-oriented and safety-oriented analyses

|9-5 Requirements decomposition with respect to ASIL tailoring | |9-7 Analysis of dependent failures

|9-6 Criteria for coexistence of elements | |9-8 Safety analyses

10. Guidelines on ISO 26262

11. Guidelines on application of ISO 26262 to semiconductors

Jj Doors-NG «ait& DITA (oXygen)

Medini
Analyze

w5 SysML/UML

N |NXPMU ICInI&
Cameo

To ensure maximum reusability as reference design, the development flow
follows the 1ISO 26262:2018 standard’s V-MODEL

The HVBMS reference design is the umbrella project to drive:
» System level safety analysis (3-5, 3-7, 4-5, 4-6, 4-7 and 4-8)

+ Reference boards for BMU, CMU and BJB, including safety deliverables
(5-6, 5-8, 5-9 and 5-10), supporting ASIL D BMS safety goals.

* Production grade software for complex device driver and NXP devices’ safety libraries
(6-6, 6-7, 6-8, 6-9 and 6-10)

Customer Documents

@& RD safety contex
Safety Context ® i [t fo sty conen__
@Item Definition (AoU) Functional Safety Concept | 6% * y |“"9”5'R” settyconcept__
‘ Safety Manual ’ 1 Mo
BMS Requirements I SMEDA RSO ’
0 Specification
é @ Integration Tests
c9
2a
EQR
BMS Architectural Integrationn
T Specification Testing
BMU/CMU/BJB Requirements :
Specification Unit Tests 0

[ O Unit
238 Testing
=]

2

BMU/CMU/BJB Architectural
T Specification

&

Detailed Design



HVBMS RD Functional safety collaterals

Battery management system (BMS) Functional & Technical safety concept (FSC &TSC)

Extensive requirements (RS) and architectures (AS) database (Doors-NG)

Requirement management plan describing the full process to comply with ISO 26262:2018 development
Safety mechanisms’ catalogues to be used in their own analysis

Functional safety analysis and reports (FTA, FMEDA) showing how to achieve required metrics
Sub-systems functional and technical models (SysML) with requirements allocation

Software safety schedules for full system coverage targeting ASIL D safety goals

All sub-systems safety manuals to ease the solution implementation

Production grade safety libraries and device drivers following ISO 26262:2018 process

Reference application software and integration layer
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HVBMS Reference
Design Hardware

Offering

Secondary header




HVBMS 800+ V TPL BUNDLE setup and Accessories

Not included

JTAG

RD-K358BMU

TPL loopback

18 Cells

[T

TPL Cable to CMU

TPL Cable to BJB

IPLPIIT T

Not included

RD777BJBTPLEVB
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HVBMS 800 V TPL BUNDLE setup and Accessories (RDHVBMSCT800BUN)
Not included

JTAG

RD-K358BMUj

TPL loopback

18 Cells

TPL Cable to CMU

TPL Cable to BJB

ULRETRERRAL) T e

Not included

RD33774CNT3EVB
RD772BJBTPLS8EVB
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HVBMS 400 V TPL BUNDLE setup and Accessories

Not included

JTAG

TPL Cable to CMU
TPL loopback

TPL Cable to BJB

)
RD-HVBMSCTBUN

N High Voltage
Battery Management System
Reference Design

Not included

RD772BJBTPLEVB
RD33775ACNTEVB

nxp.com/RD-HVBMSCTBUN x
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HVBMS 400 V CAN-FD — Recommended setup and Accessories

Not in nxp.com

JTAG

RD-K344BMU

CMU CAN-FD

Extender

{Opt?)
BJB CAN-FD

RD772BJBCANFDEVB RD33775ACNCEVB
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HVBMS Reference
Design Software

Offering

Secondary header




NXP BMS Software Package
AUTO SAR

« Production-grade complex device driver and N
MCAL software package for use in AUTOSAR®. kSl
May also be used in non-AUTOSAR
environments.

« Significant reduction of time-to-market and SW Semvica L
development cost . SHes TRV .

» Developed according to 1SO26262:2018 and T
ASPICE level 3 R

 Developed and tested in close collaboration with
Elektrobit.

Customer may use Elektrobit or any other Microcontroller

AUTOSAR integrator.
- I
Targeting ASIL D ISO 26262
- Systems I\c_%? Compliant - ASPICE Level 3

(’54 Tested with Performance
&Sl AUTOSAR® 4.4 Optimized
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High Voltage Battery Management Software

NXP’s BMS software provides an AUTOSAR compliant middleware
enabling BMS functional safety applications.

BMU Driver Package

» Battery Cell Controller AFE software drivers
« for MC33775A, MC33774 and MC33772C
+ tested on S32K3 but independent of MCU
« configurable with EB tresos Studio or NXP S32 Design Studio

« Battery Cell Controller TPL PHY software drivers
+ for MC33664 and MC33665A
» tested on S32K3, portable to non-NXP MCUs
« configurable with EB tresos Studio or NXP S32 Design Studio

* Functional Safety Libraries

- Safety libraries to cover the safety requirements derived from
BMU, CMU, BJB safety analysis
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HVBMS Reference Application

_ _ Function
Diagnostic _ Measurement
HW Function Dla_gnostlc Cell Balancing
Fault Handling Battery State

3rd Party AUTOSAR Integration Tool Generated RTE

BMS
SBC CDD Safety Library
5 S32K3 Real Time Drivers S32K3 SAF
@  (AUTOSAR /non-AUTOSAR) S39K3 SCST

S32K3x MCU

SBC

AFE network

The information given in this document is non-binding and preliminary and provided without legal commitment ~ NXP does not accept any liability with regard to the project description given here above nor to any
whatsoever. It may be subject to changes and amendments and it may be terminated at any time. project realization. Any project commitment is subject to conclusion of a separate duly signed contract.

I

MCU SW Package BMS SW Package



BMS Software Offering for S32K3xx family and BMS portfolio

e

BMS Safety Library
« MC33775A, 772C, 774A...

Security: OEM specific

= Premium offering —

Premium L
. Includes BMS application examples
SW (tO be pald) (example code) Premium
Includes RTE and integration
Safety: SAF + SCST N 5 reference SW
""""""""""""""" NXP S32 Platform -~~~ NXPBMSPlatform ("""~~~ ———~—~~—-~-~—~—~—“—"—"—7%7%=%7=%7™7"%
Software License Software License
Agreement Agreement
Security: Standard FW AN C )
BCC Device Drivers
Standard Real Time Drivers N Yokl Waploazv W Standard
SW « Suite of drivers for SW
AUTOSAR & = Standard offering TPL PHY Drivers
Non-AUTOSAR . . .y . « MC33664, 665A ...
incl. IPCF, Crypto Driver (included in silicon price)
Silicon S32K3xx Silicon

BCC
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BMS Software Offering for use with non-NXP Microcontroller

Non-NXP
SW

Silicon
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MCAL 4.4
(AUTOSAR classic)
License from BMU

e

BCC Safety Library

(to be paid)

(@

NXP BMS Platform
Software License
Agreement

Includes BMS application Premium
examples (example code) SW

BCC Device Drivers

processor vendor « MC33775A, 772C, 774A... gwndard
* Integration of BMS and _
MCAL software by Standard offering TPL PHY Drivers
customer (included in silicon price) *  MC33664, 665A. ..
non-NXP processor Silicon




Brighter
Together

NX
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