
Battery Systems
Your Single-Source Partner for Complete Battery-
Powered Vehicle Design and Development

Battery Characterization

Benchmarking

Virtual Vehicle Development Environment
Performance Evaluation

Battery Management Systems Development

Battery Systems Engineering

Vehicle Integration

BSDC

www.ricardo.comDelivering Excellence Through Innovation & Technology



The Ricardo Hybrids and Electronic Systems are 
your single source for complete battery and 
battery powered vehicle engineering. Ricardo 
has been at the forefront of advanced vehicle 
engineering for almost 100 years. Ricardo’s 
breadth of expertise ensures true vehicle 
optimization and real world benefits. Our 
capabilities encompass technical consulting in 
advanced propulsion systems, energy storage 
systems, engines, drivelines, controls and 
electronics and vehicle systems.

Our battery system development team provide a 
combination of energy storage system development 
capability and vehicle engineering expertise to 

assist cell suppliers, battery system developers, Tier 
1s and OEMs with their energy storage needs. The 
development team is based in Cambridge, United 
Kingdom

Ricardo has considerable experience in the 
development of battery systems for automotive, 
commercial and military applications. The scope of 
Ricardo’s deliverables ranges from concept design 
to the development of prototype and production 
systems. Ricardo’s battery system development is the 
evolution of our efforts in providing customers with a 
complete solution for all of their battery engineering, 
related vehicle engineering and battery evaluation 
needs.

Battery Systems Design, Development 
and manufacturing

Facility
• 3 Li-ion, Ni-MH capable test chambers to 

accommodate larger pack

• Turnkey engineering and development – HEV, PHEV, 
EV, capability

• Test cells temperature control from -29°C to 65°C

People
• Multi-disciplinary team with automotive, hybrid and 

controls backgrounds

• Highly qualified and proficient team members with 
expertise in energy storage systems

• Highly experienced in hybrids/ battery powered 
vehicles with over 100 hybrid projects delivered

Applications
• HEV, PHEV, EV, Fuel cells

• Passenger Cars

• Heavy Duty Vehicles

• Military Vehicles (ITAR controls in place)

• Stationary and Niche Applications

Equipment
• AV900 battery cycler and ABC 150 battery cycler to 

handle up to 250kW,1000 A, 900 V

• Hardware in Loop system

• High voltage instrumentation

• Thermal Imaging

• Complete software suite for different types of 
analysis

 

 
 

 

 

 

 

 

Vehicle
Modeling &
System
Optimization

Requirements
De�nition

Battery Pack
Development Process

Safety/BMS
Design

Electrical
Design

Pre-production
Pack Evaluation

Cost Reduction
& Design for
Manufacturing

Mechanical
Design

Prototype
pack
evaluation

Pre-production
Battery Pack
Design



Battery Systems Engineering
• Concept design of HEV, PHEV and EV battery 

systems
• Mechanical design and analysis of battery packs
• Pack thermal system analysis and design

 - 2D and 3D CFD analysis and finite element 
analysis

 - Develop cooling concepts and designs
• Pack mechanical/electrical development

 - Modules
 - Module Retention
 - Electrical wiring, bus bars, electrical 

components
• Structural analysis – This drives the pack design as 

it identifies possible failure areas due to vibration 
and shock

Battery Management Systems (BMS)
BMS design is one of the critical elements in battery 
systems design. It includes the design of the BMS 
hardware architecture and hardware elements, 
algorithms and software implementation

• Ricardo has created concept designs, production 
designs, reviewed existing concepts and made 
modifications of BMS electronic hardware for 
several clients

• Ricardo has developed algorithms for State 
of Charge (SOC) and State of Health SOH 
determination, even for challenging LiFePO4 cell 
chemistry

• Ricardo has developed complete BMS functions 
for thermal management, system power up and 
power down, vehicle communication and intra- 
pack communication

• Ricardo has developed software to analyze 
cell data to characterize cells and utilize this 
information to calibrate the BMS algorithms.

• Ricardo has worked on Lead Acid, NiMH and Li Ion 
chemistries

• Ricardo has developed its Gen 2 ASIC based 
BMS for higher volume , lower cost production 
solutions

Performance Evaluation
Ricardo’s is equipped with powerful battery cyclers 
(the AV900 and the ABC150) that can handle up to 
250kW, 1000A and 900V. The evaluation chambers 
have been designed with state of the art controls 
to deal with different battery chemistries. The 
chambers have temperature controls from –29°C to 
+ 65°C. The tasks that can be performed include:

• Conducting a suite of test procedures under 
controlled temperature conditions

• Battery pack characterization – characterize the 
parameters of the battery such as state of charge 
and power availability

• Evaluation of specified scenarios  (e.g. rapid 
discharge, rapid charge)

• Assessment of cell balancing performance

Virtual Vehicle Development 
Environment
The virtual vehicle development environment  is a 
powerful tool to verify the operation of a battery 
system. It allows the operation of the pack within a 
simulated vehicle.

A hardware in the loop system is programmed 
to act as the virtual vehicle. It controls a battery 
cycler which provides the source and sink currents 
to the battery pack. Independent sensors are used 
to monitor module voltages and temperatures. The 
pack communicates with the hardware in the loop 
system, which then “drives” the vehicle through
a prescribed drive cycle. Functions that can be 
developed and verified within such a set up include:

• Communication between the supervisory and 
other controllers and BMS

• Functionality that is distributed across several 
components

• Optimizing the load distribution between the 
different components

• Development of system level diagnostics and 
monitors

Vehicle Integration
Ricardo offers the unique capability of battery 
pack engineering as well as vehicle engineering 
housed under one roof. Once the pack has been 
designed and verified on the desktop and in the 
environmental chamber, it can be integrated 
into a vehicle in our garage area. We offer a large 
garage area and have the solid vehicle engineering 
expertise of having delivered several hybrid and 
battery powered vehicle programs. Specific tasks 
that can be performed in a real vehicle environment 
are:

• Assessment of packaging issues within the vehicle
• Verification of pack cooling designs and 

interfacing the pack with conditioned air
• Pack NVH analysis
• Vehicle performance, fuel economy testing and 

optimization

Benchmarking
Ricardo leads a battery consortium for 
benchmarking battery cells and packs 
based on performance and application.

The Ricardo Advantage


