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 Abstract 

As the evolution of the cell is moving fast forward with advanced chemistry, formats, capturing the key 
characteristics of the cell’s performance becomes critical to cell integration into the Pack. Those key 
characteristics include cell’s fundamental performance such as capacity, DCIR, cycle life & storage life as well 
thermal properties, safeties under extreme use conditions or abuse conditions. A suite of characterization is 
introduced how Jaguar Land Rover cell team are capturing those key characteristics as the cell testing & 
validation methods. Those key characteristics are providing a full spectrum of the information of cells’ 
interfaces in the Pack.

 About the presenter, Dr. Patrick (Peng) Xiao, 
Lead Engineer – Battery cell chemistry, Jaguar Land Rover

Dr. Peng Xiao, also known as Patrick Xiao in Jaguar Land Rover. Patrick Xiao works in Jaguar Land Rover as 
a Battery Cell Technology & Design Technical Specialist in Advanced Cell Engineering team in 2017. He 
looks at that cell’s interfaces within the Pack for cell integration, DFMEA, cell testing & validation, cell safety, 
and cell ageing. He also had the experience of Pack attributes, cooling system design, BMS control in an 
excursion working experience in McLaren.

Patrick Xiao has a Ph.D. in chemical in Nanyang Technological University, specializing in electrochemistry.  
He also worked in CATL for cell design and prototype cell manufacturing of HEV and BEV cells before he 
joined Jaguar Land Rover.

.
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Hello, I am P. Xiao

Battery in the lab
Battery 

industrialization
Battery on the road

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

BSc, Material Science in 
Physics
Topic: Solid Oxide Fuel Cell

Ph.D
Chemical Engineering
Thesis: Molybdenum based material 
for electrochemical application

Research Associate
Li-O2 battery, substrate 
dependant growth of 
Lithium peroxide 

System Engineer 
Cell Design, Prototype 
manufacture in HEV, BEV 
cells

Lead Engineer
Battery Electrical System in  
Battery Electrical Module,  
FPCB

Senior System Engineer
Pack Attributes & Requirements

Lead Engineer/Technical 
Specilist in Cell Technology
1, Cell DFMEA
2, Cell safety



4Electric Vehicle Attributes

Comfort 

Long range

SpeedFast charging

Beauty

Luxury

Safety

A typical customer might 
say they are looking for…

Low cost

Now how do we create this?

Good handling

The ‘right feel’ A spacious interior

The vehicle attributes in the eyes of the customer must first be translated into
a series of metrics, values and measurables, which can then be engineered.

☆ Understand your customer☆ Understand your customer
☆ Understand your 

customer’s environment
☆ Understand your 

customer’s environment



5Engineering Approach/V-Diagram

➢Pack power

Cell testing & characterisation:
➢ Electrical Performance
➢ Thermal properties
➢ Lifetime
➢ Safety
➢ Mechanical robustness

➢ Cell electro-thermal model
➢ Battery plant model
➢ Ageing model
Models should show high 
confidence that the design will 
meet the vehicle requirements

Verification

➢Cell pulse power

➢Final modifications 
before vehicle 
production

➢Engineering vehicles built
➢Durability testing
➢Data constantly fed back into models

➢Module/pack testing
➢Thermal control
➢BMS
➢Electrical electronics

The battery is designed from 
top-level vehicle requirements.

The design is then tested extensively at 
the cell, module, pack and vehicle level.

➢0-60 acceleration  < 3s 

➢ Top speed : 150 mph

➢ Range: 300 miles

➢Useable pack energy
➢Pack weight
➢Pack voltage

➢Cell capacity/chemistry

➢Cell voltage
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Electrical Test

𝑉
𝐼 𝑅



8Electrical Performance 

Characterise the power
capability of the cell by mapping
its DCIR as a function of C-rate,
SoC, pulse duration and ambient
temperature.

Vehicle-level drive cycles as power
traces are translated to cell level and
applied to cells. The voltage response
and heat generation are used to
validate the cell electro-thermal model.

Measure the capacity, energy, 
average voltage of the cell as a 
function of c-rate and ambient 
temperature.

• Characterise the relationship
between Open Circuit
Voltage and State of Charge
as function of temperature.

• Vital for the BMS SOC
measurement algorithm.

Drive CyclesDrive CyclesRate CapabilityRate Capability HPPCHPPCOCV vs. SoCOCV vs. SoC

Performance test data provides crucial information about the cell’s capabilities under various conditions. Most importantly, it is used to produce electro-thermal 
models and look-up tables for the vehicle BMS
Performance test data provides crucial information about the cell’s capabilities under various conditions. Most importantly, it is used to produce electro-thermal 
models and look-up tables for the vehicle BMS
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Thermal



10Understanding Thermal Behaviour

What is the temperature 
difference between the cell’s 

surface and cell’s core?

What is the temperature 
difference between the cell’s 

surface and cell’s core?

What is the acceptable 
temperature gradient of a cell 

on the surface?

What is the acceptable 
temperature gradient of a cell 

on the surface?

What is the acceptable 
temperature gradient of the 

cells in the Pack?

What is the acceptable 
temperature gradient of the 

cells in the Pack?
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Simulation shows ~ 1 °C difference

Bottom/axial cooling 600s 13.3A 35 °C coolantSide/radial cooling 600s 13.3A 35 °C coolant

Side cooling Bottom cooling 

Cooling Setting To Meet Thermal Gradient Target

Simulation To Explore Cooling Strategies



12Cooling Setting To Meet Thermal Gradient Target

Temperature Gradient – unrolled Jelly roll

Side cooling Bottom cooling 
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Mechanical Test



14Mechanical Protection on Cell From Being Impacted

Mechanical shock Vibration

The level of safety design margins:

1. Vehicle level:   Side pole presents no failure mode

2. Pack level:       100 kN or 30% deformation

3. Cell level:         100 kN or 1000 times of the cell                 

weight, or 15 % deformation

Side pole test

Simulation indicates how much head room the 
Pack has before the deformation reaches cell
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Safety/Abuse Tests



16We Make Sure The Cells Fail Safe

No hazards in 
the vehicle or 

before 
occupants leave 

the vehicle

Dashboard to flag warning, 
e.g., no voltage detection, 

high temperature, etc. 

Detection

Abuse tests to cover
extreme use cases and low-
possibility incidents

Prevention

Safety Device 

Design Failing Pathway



17JLR Standards & UN, GB, GB/T Regulations



18

Lifetime Test



19Batteries’ End Of Life

C
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Loss of Capacity

Minimum vehicle 
requirements

Energy Throughput (kWh)

Minimum vehicle 
requirements

R
e
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a
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c
e

Cycle number / life time

Loss of power

State of Health (SoH) - as the battery ages, the available capacity decreases. SoH is the available capacity 
expressed as a percentage of the full capacity from new.
SoH can also be expressed as:

- Internal resistance: the capability to deliver power
- Capacity                   : the capability to deliver range



20Cell Degradation Impacts...

SOC

Cyclable
Li Loss Temperature

C-rate 

Other 
Contributing  

Damaging
Factors

…

SEI Growth

Power 
Delivery 

(Discharge)

Capacity

Power 
Acceptance

(Charge)  

Performance 
in Low and 

Hot Climates…

Other 
Attributes

Capacity 
Loss

Internal 
Resistance 

Rise 

EoL
Judgement 

0-60 
Acceleration 

Time

Range / 
Refuel

/Recharge 
Frequency 

Charge Time
/ Miles per 

Minute

Peak Regen
Capability

Other 
Effects

Fast Charge 
Capability

Cruise Time  
(130kph / 

Vmax)

LifeTime / 
Warranty 

Ageing Factors

Li Plating
Material 

Phase 
Change 

Electrolyte 
Oxidation/
Reduction

Particle 
Cracking

Current 
Collector 
Corrosion

Material 
Isolation

Binder 
Decompositi

on

Gas 
Evolution

Voltage 

Other……

Ageing Effects

Impact on User Application

Vehicle 
Attributes

Ageing 
Mechanisms 

Cell physical 
effects
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Summary

1. Battery Pack development process – V-diagram
2. To deliver all the attributes for the vehicle,  Jaguar Land Rover covers those 

cell level tests:
1. Electrical tests
2. Thermal test
3. Mechanical tests
4. Safety/abuse tests
5. Life time test - SoH
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