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Building a Reliability Validation Plan for Electrified
Powertrains
4 Abstract

The transition from ICE to EV powertrains has been rapid and the array of configurations including Mild-
Hybrid (MHEV), Plug-In Hybrid (PHEV) and fully Electric (BEV) creates a multitude of customer use-cases
that need to be accounted for in the validation plan. The relative cost of failure has more than doubled for the
electrified powertrain, and the warranty period of high-cost systems (such as the battery) extends beyond the
conventional 3 years, putting more emphasis on reliability improvements of the powertrain.

4 About the presenter, Andrew Brown,
Reliability & Validation Methods Chapter Lead, Jaguar Land Rover

Andrew graduated from Sheffield University in 2006 with a degree in Aerospace Engineering. Since then, he
has worked in product development of Internal Combustion Engines, starting his career working on large
diesel gensets for Perkins Engines and then transferring to Automotive ICE engine development at JLR.
Andrew began working in the field of Reliability and Validation Methodology for base engines back in 2016,
before leading the validation team on the new Range Rover PHEYV battery (the first in-house developed
battery at JLR). More recently he has transferred to a lead role in the Validation Methods & Reliability
Technical Chapter, responsible for developing common Reliability Engineering practices for the Electric
Propulsion System.
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Presentation

in . Lucidchart

LucidChant

Background and Why How we
Reliability Validaton ———pm developed the
Plans are required apprnac:h at JLR

'

Cﬂnst_rucﬁng e “| haven't got all @
Reliability the answers"
Validation Plan

:

Outputs from the
process and making FUth'E'

an impact on the I [}ppﬂ r[unitiES
product



2008

L | 4
TATA

R aewd | ] P st cpmrmdllay § ds K miy wmaredoew |l Vi (G ST e yrwlire 1 Ve e e e ey g e fr#-_-mlr‘ [rrlpr vl
| s Moster Flomyget Moy | v jarakelionm Cheeryy g | ared Flerews g Ery i e Pige il e
2016 018 2019 2021

L = - == -
P’ poli s W Wb, Pl v, tl e Pl Pty st e of our sbaieeof B art Pl Aot wncd [l & rom Cevder o Tty Ulobusl Syt Bovragie s
coyervmyy Lor iy o] b o LB L0 B e iy ey i "ok Loy wyow Lo svearTed

Thes elescirifacation of the Lymiar and Land Bover brands B at the heart of Hesnagine, set agamst a rwaufhmﬂlq.:ﬁ'nﬂﬂf.
O aceelerated path towands electrfication through Resmagne will contrbte to our goal of becoming net 2ero carbon by 2035

Roirmagivat ion of lagaar as an all -ebectre: ey brand Trom 2025
- Firnt all-slectric Land Rover maodsl in 2074
All daguar arsd Land Fover narneplates Lo be availabile in pure sloctine form by end of the decade

L



<D

.C | —

ELECTRIFIED PORTFOLIO ELECTRIFIED PERFORMANCE ELECTRIFIED SALES

Electrincation across our prc T range continues with Owr latest models offer segment-ieading ewectrined Achieved 66% E"1F‘-E‘l’ﬂﬁ9d *Er&tEE n 2022, witha
1 hﬂltt‘r*y electric 'u'Fhrc h* (BEVY, wertormance. The Mew Range Rover and New Hange commitment to launch the hirst all-electnic Land Rover
8 models now on th plug-in electric hybrids Rover Sport introduce piug-in etectnc hybna nodel in 2024, and the reimagnation of ',}_1:|.'.| 15 an
(PHEV) and 11 :.ur‘emtlfl-h'-.rt:rmﬂ MHEV) propulsion with an electnc driving range of over li-electric uxury brand from 2025
100km



Automotive Electrification brings challenges to Product Development
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So how can we address these challenges?

"Engineering reliable products efficiently" .

What do we mean by Reliability?

“Probability that a component, module, or system will perform its prescribed function without failure for a certain period of time
when operated correctly in a specified environment and under stated conditions”.

Understand Understand Understand Reliability

Function and Engineering methods,
Customer Usage P> ohysics of Failure P> suatisiics and

of our products (POF) Validation




So how can wi address these ehallenges?

"Engineering reliable products efficiently"

What do wo mean by Reliability?
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noun. realisation

i Brought in
Reliability cnnsultagms and 1. an act of becoming fully aware of something as a fact.
advocates at JLR 5 Bt irad "a growing realization of the need to create common economic structures”
joined forces o ourselves against imilar:  @warene nderstandin mprehension  * consciousness
make a change s Similar; areness understanding comprehensio co usnes

6.1.4Level4 Standard for Organizational Reliability Capability

Al level 4, organizanions change product designs based on reliability consideranion. Relinbility plans are BUY"’“ frDITI
detailed. and the defined reliability activinies are specifically tailored o the product being developed. All E t'
employees ane traned ho appreciate the mnpact of rehisbility on the business. These organizanions evaluare xecu IUE
reliability very early in the product lifecycle and can change product designs to achieve desired reliabiliry H

targets. These organizations enlist their supply chain members 10 help them ensvire product reliability. They DIFECt'D rs
make some design or manufacmring test modifications based on test and field failure mechanisms as well

a5 faihae modes. Relabiliny is expressved as a distribution rather than a poinl estinate, and detnled siress

and damage models may be included as past of reliability prediction. All the failure mechanisms affecting

the reliatility of e products are mveshgaied and docwmented. These organizafions are proachive in

preventing the recwgrence of failure modes and mechamisms i furwre products. They promsoste the

establishment of closed-loop processes to utilize existing reliability lessons leamed and formally idennify,

approve, and distmibure new reliability lessons leamied

(Extract from I EE 1624 Standard for Organesational Hekabdty ¢ apahdty) 0 I E E E
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Reliability Validation Process

PT Quality Targets
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New Team Structure

PT Quality Targets
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How long shall we Engineer our products to last for?
I |
"Design Life" |

Old Age
Rapid Wear Out

Hatard Rate

=
un

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

S (Years) Note: scale is for illustration only!!
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{ How long shall we Engineer our products to last for?

Durability
I Targets
"Design Life" [
i ——————— - e — e I— —————————————————
Reliability Old Age
Targets Rapid Wear Out
L
B Biliia e R b e s i el
o
:
3
T -
Process
Issues
Early
Wear Out
I
0 1 2 3 a 5 6 7 8 9 10 11 12 13 14 15
Age [Years)
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But.... "what if
we could sell
the battery to a
2nd life

application?"

Battery recovered
from EV

Battery in 2™ life
applications



Target Setting

Develop a full set of component reliability targets to
benchmark performance against and demonstrate
prior to Start of Production (SOP)

@ Consider system structure and complexity




Component
Classification

Classify component and assign targets

Component Category | Definition
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@ Classify component and assign targets

. _ MNew classifications to consider Irnpact to
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Group components
by service strategy

» Review Boundary Diagrams and group
components according to in-field service strategy.

= Sum up the reliability targets for the entire engine
and cross check system reliability (% or R/100)
with Company Quality metrics (R/1000).
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Failure Potential Review

Purpose:

Bring together component owners and technical specialists to discuss Failure Modes, Mechanisms and Physics of Failure (PoF)
Agree on those mechanisms that are associated with "degradation over time”

Scrutinise the DFMEA and "UPDATE" .... This is our Body of Knowledge!!
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Continue
discussion

Identify the
Failure

Location(s)

OPTION 1)
Bushar
Tempealure

OPTION 2) B

Battery
Bulk
Temperaluna

B

Describe
the Root
Cause
Effect chain

Vibration

3 Temperatur
Humidity oo

Define the
Damage
Drivers

[observable
measurements)




Customer Usage Profiling

» Certain Period of Time
we have a limited understanding of component specific duty cycles in the
time domain.

» Specified Environment and Stated Conditions
we can't always specify where and how our customers will use our products
(e.g. off-road, track cars, towing, hot climate, cold climate elc.....)

Customer Usage Profile: S
J Average = 50" %'ile

J Severe = 80" %'ile

3 Extreme = 99" %ﬁ'ile
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A simple
approach to
look at duty
cycle and %
imix of road
usage

Rural
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“Stated Conditlons” = Customer Usage Profiles
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A simple
approach 1o
look at duty
cycle and %
mix of road

usage

Rural

“Stated Conditlons™ = Customer Usage Proflles
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Data Pipeline and Analytics

Purpose:
Collect customer data and validation test data from multiple sources, cleanse the data to ensure suitability and generate component specific
customer usage profiles to feed into the damage models.

-~

i Analytics
Real World J 'f_’ Lab
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Processing _J_.
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Analytics
Lab

Processing _J_>
and X
Cleansing Data
Aggregation
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Cleansed Time
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provided by Data
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Damage Model

Physics
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TrerTd mechanisms:
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Damage Model transforms Time Series data
to a normalised Damage Count

Damage

Count

Damage oulput as
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the time series input data
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Time
Series

Profiles

Cleansed Time
Series data
provided by Data
Analytics Team

Damage Model
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Damage

Count

Damage Model transforms Time Series data
to a normalised Damage Count

Damage output as
cumulative damage of
the time series input data
files from customer and

test

nCode*E

a0 HEM brand

mGvathrkﬁ'G



Acceleration Factors are derived for each Validation Test making
reference to the customer duty cyle:

Acceleration
Factor

Customer
Damage
Count




Acceleration Factors are derived for each Validation Test making
' Test Assessment - lhis stage of the process gives the Validation Methods team the
reference to the customer ﬁLIIj.I' EFIE' opportunity to spot gaps in the DVP prior 1o the reliability calculations

Acceleration
Factor

Customer
BEIGERE
Count




Efficient testing -

Good coverage Test Assessment - this stage of the process gives the Validation Methods team the m::;ﬁ{ﬁﬁ;ﬁf
from ‘"’E“'?ﬂ“ﬂ" test opportunity to spot gaps in the DVP prior to the reliability calculations
plan J
‘

TRILR.OOD.001 TRILR.OO, 002 TRILR.OO.0D03 TPILR.QOD, 004

: Fallure Damage Customer Durability Cycle | Durability Cycle Durability Cycle = Durability Cycle
Component : ;
Mechanism Model Rel Reference Cycle H ! | L)

Thermal Interface Material Wear TIM 1
Thermal Interface Material Aging M 1
Thermal Interface Material HCF TIM 1
Stacks HCF Connection 1
Stacks Corrosion internals 1

Seals HCF Lid to Frame
Lid Corrosion Lid 1
Frame HCF Frame 1
Frame Corrosion Frame 1
Coolant Plates Corrosion Hot surfaces 1
Cooling Pipes and Hoses Aging Nylon Pipes 1
Battery Harness HCF Connectors 1
Battery Harness Aging Terminal 1
Battery Harness Aging Insulation wires 1
Battery Harness HCF Metal contacts 1




Beta Dptabaze

Reliability Validation Planning is based around a Weibayes Zero Fallure Testing Principle and a combination of tha Waibull HCF = 2.8

Formida and Binominal Confidence calculalions roi g
LCF=31-35
Considar, 1P C = "Confid p— Wew = 2.5. 2.7
Al T,.' [1] o 8 R; = Componant Rellablity Tagel
R=e [f_] B = Shape Parameter
Reliabilit C=1-R&7 N = number of sl samples
I
e Ia I I -—C=RNM 3 T = Target life
y T t, = Tes! duration

Calculations i i o

Sum each test
contribution, ti
to an
Equivalent
sample size 'n’

Permge B e

&



Calculate

Confidence

against a given
Reliability
Target

Calculate
Predicted
Reliability for a
given
Confidence

However
Expected
Reliaiblity is not
just a function of
how much testing
has been
completed !!



There are a number of other factors that affect Product Reliability

Programme Risk Management |

Physical Techaical
Test Lﬁfﬂ Guipatiny cf 5'""‘"? o Qually i Programme Seneetyly
Contribution Level {lnLT‘rm 2 (C .ﬁ.EFj'.iw feeanyts o Timing H‘ath:jlnn
(TRL) Supplier) (FMA) (CTQ)
Credited
Contribution

Corven 1o Q Canver o
equi'.ra;ent + eguivalent -/
sample
--+ Sam
size n' sqzep‘:r

Convert back to Reliahility

Physical
Test
Contribution

Some questions to ask
yourselves in this
context:

What is the maximum
allowable “reliability
demonstration” waould
you apportion to non-test
activity?

How confident are you in
your CAE capabiltiy?

How much confidence
do you have in your Tier
1 suppliers?



Convert back to Reliability

Physical Credited
L Contibution

Contribution

;.
1-C=RV

|

3

Expected Reliability
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Capabiity of Simulation Quality Process Senvicability
mﬁ? Capability Measures Capability "“ﬁm’” and
[ﬂ'fsum (CAE) (FMA) (CTQ) Reputation
f

* Product Owner
« STA Engineer

* Quality Team

« Manufacturing

« Suppliers




Physical Optimisation of Validation Test Plan:
Test

Contribution

Which test cycles provide maximum rate of
“confidence growth” per hour of test?

Which test cycles inflict the most damage
across multiple components?

Can we simplify setup of test cycles?

Can we develop component / system rig tests
(left shift)?

Capahbility Reliability Demonstration

- Handware maturity High sk components
- Solhware maturity = Long lead-time items
- Intiegradeon (a.q. Chasss)

Installation co mipie KTy

Rehatulity Demonstration Target l A

Project Risk !!

= v
RELIABILITY : Unit
CONFIDENCE |

1 Gateway

: Review

1

1
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If you are interested in the material that's been presented today and would like to network and share ideas,
please reach out!!

Our team would be happy to discuss this with you

Andrew Brown ceng MSaRs
Chapter Lead - Reliability Validation
Powertrain Advanced Engineering

Copprgrn 6 02 ot Shive  POPAC ARG FIDBRRAT T

Email: abrownd@jaguarlandrover.com
Tel, 07881260735
LinkedlIn: hitps://'wwvw. linkedin.com/infandrewxbrown/

AI‘UM&R
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