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Delivering excellence through experience 

Providing technology, product innovation, engineering solutions and 

strategic consulting to the world’s automotive industries since 1915. 

Today 

1915 

Ricardo is a global, world-class, multi-industry consultancy for 

engineering, technology, innovation, strategy and environment. 



3 © Ricardo Inc 2015   March 2015   

As with all analysis, approximations in models, loading and interpretation exist, and real components may vary in geometry and properties from those assumed.  Hence analysis results should be used only as a tool for guiding the design process and 

for reducing risk of poor performance during development and validation testing.  Where analysis results are described as acceptable,  it is implied only that the risk of poor performance is considered acceptable to proceed to the next stage of the 

design and development process, unless otherwise stated.  While the analysis may reduce the amount of testing required to prove a design, it should not be considered a replacement for validation testing unless specifically stated by Ricardo. 

Battery Management System  

Agenda 

• Ricardo Vehicle Benchmarking and Analysis 

• BMS System Overview 

• Types of Cell Balancing 

• BMS System Benchmark Comparison 

– Architecture Comparison 

– Battery size 

– Cell Balancing 

– Isolation methods 

– Voltage sense & battery balance 

– Microcontrollers 

• Motivation for a standardized BMS system specification 
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Fourteen xEVs have been benchmarked over the last four years by Ricardo 
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Introduction to EV/Hybrid Analysis Benchmarking 

xEVs Benchmarked  
(note driveline weights shown) 
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Benchmark activities include in-depth analysis and studies of all major EV 
systems 

Thermal Schematic Cell Characterization BMS Analysis 

Exploded Views Battery Schematic Steel Analysis System Schematic 

2D CAD Drawing Circuit Analysis Performance Testing 3D CAD Modeling 

Analyses performed (sample) 

Introduction to EV/Hybrid Analysis Benchmarking 
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BMS System Overview 

BCM (Battery Controller Module) 

• Current Sensing 

• Voltage sensing 

• Temperature sensing 

• CAN Communications 

• Battery Charger control  

• Output drivers for pumps, fans, and heaters 

• Contactor control: 

– Main Contactors 

– pre-charge  

– Charger Contactors 

• State of Charge algorithms 

• State of health algorithms 

• Power capability algorithm 

• Safety feature 

– Performs leakage detection and contains 

ground fault interrupt functionality  

– Self test of all critical functionality on every 

“key-on” event 

– Diagnostics of key functions 
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BMS Architectures – Distributed  

Distributed BMS Architecture is split into 

one main controller and multiple slave 

boards 

Battery Controller Functions: 

• Battery charger control  

• Output drivers for pumps, fans, and 

heaters 

• Typically Contactor control 

• State of charge algorithms 

• State of health algorithms 

• Power capability algorithm 

• Safety feature 

Slave Board (Voltage & Balance PCB) 

• Voltage /Temperature  

• Cell Balancing 

• Communicates to main controller 

Battery module 
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Pros 

• Highly Scalable and modular 

• Less wiring  

Cons 

• Several PCBs  
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• A Centralized BMS has all of the functions in a 

single module/PCB. 

• Centralized architectures tend to be on smaller 

packs (exception is the Nissan Leaf) 

 

 

 

Centralized BMS 

Pros 

• One PCB and reduced 

electronic costs 

Cons 

• Wiring intensive 

• Not scalable  
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Cons 

• More Complex 

• More expensive 

Passive Balancing 

• Resistive discharging of higher voltage 

cells to the lowest denominator 

Pros 

• Integrated ASICs 

• Least expensive 

 

 

 

Active Balancing 

• Charges a low cell from a higher cell 

Pros 

• Quicker to balance  

• Capable of  nurturing 

 a weak cell to prolong life 

• Recovers energy 

Cell Balancing 
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BMS Benchmark and Analysis 

• Analyzed BMS PCB 

• Determined PCB functional partitioning 

• Developed system diagrams 
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• Analyzed subsystems  

• Voltage & Temperature sensing 

• Balancing methods & IC’s used 

http://www.caranddriver.com/photos-10q4/372562/2012-mitsubishi-i-miev-photo-372866
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Car model Year BMS architecture kWhr 

Ford Fusion 

Hybrid 2.0 

2013 Centralized on the single PCB 1.4 

Chevrolet 

Malibu ECO 

2013 Centralized on the single PCB 0.5 

Chevrolet Volt 2011 Pseudo-Distributed 4 PCB 

modules + BMS master ECU 

16 

Mitsubishi 

 I-MiEV 

2012 Distributed 11 PCB modules + 

BMS master ECU 

16 

Nissan Leaf 2011 Centralized on the single PCB 24 

Toyota Prius 2012 Distributed 4 PCB modules 4.4 

Ricardo 

McLaren P1 

2013 Distributed 1 BCM + Several 

VTBMs 

4.8 

There Are Two Main Architectures  

Centralized 

Distributed 

Master 

controller 

Slave PCBs 
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Car model Battery voltage 
Battery 

cells 

Ricardo McLaren P1 550V 324 

BMW i3 360V 96 

Tesla Model S60 300V 5,376 

Ford Fusion Hybrid 275V 76 

Chevrolet Malibu ECO 115V 32 

Chevrolet Volt 360V 288 

Mitsubishi I-MiEV 330V 88 

Nissan Leaf 360V 192 

Toyota Prius PlugIn 207V 56 

Battery Comparison 

Ford Fusion Hybrid Nissan Leaf Chevy Volt Prius Plug-In Hybrid 
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Car model Cell balancing method 
Cell balancing 

technique 

Cell balancing 

current1 

Ford Fusion Hybrid Passive Resistive 17 mA 

Chevrolet Malibu ECO Passive Resistive 17 mA 

Chevrolet Volt Passive Resistive 125 mA2 

Mitsubishi I-MiEV Passive Resistive 92 mA 

Nissan Leaf Passive Resistive 8.7 mA 

Toyota Prius Active Charge pump Unknown 

Ricardo McLaren P1 Active & Passive 
Charge transfer & 

resistive 

1Amp Active 

250 mA Passive 

Battery Cell Balancing Comparison 

1 Estimated cell balancing current given at nominal cell voltage 
2 Estimated cell balancing current given at nominal cell voltage for cell triplet 

Cell Balancing 
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Isolation Method  

AD7280 

Car model Isolation Method Chip 

Ford Fusion 

Hybrid 
Digital isolators  

Analog Devices 

ADuM5403  

Chevrolet 

Malibu ECO 
Optocouplers NEC - PS9121 

Chevrolet Volt Optocouplers 
Avago ACPL-M43T 

Matsushita AQW212S  

Mitsubishi I-

MiEV 

Digital isolators  

 

Analog Device- 

ADuM1402W 

Nissan Leaf Optocouplers NEC - PS9114  

Toyota Prius ????  

Renesas & 

Matsushita 

PS9121  

216C020 

Ricardo 

McLaren P1 

OptoMOSFETs 

Digital Isolators 
NEC PS710E 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http://www.cel.com/pdf/datasheets/ps9114.pdf&ei=vw18UoWOJ8eBhAfY0oGQCg&usg=AFQjCNHJdvDUGhLW5ozUnwD0ZWOKWlCN_Q&bvm=bv.56146854,d.Yms&cad=rja
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Voltage & Balance ASICs 

AD7280 

Car model ASIC # cells 
Communications 

from ASIC to Micro 

Ford Fusion Hybrid 
Analog Devices 

AD7280 
6 Cells SPI Daisy Chain 

Chevrolet Malibu ECO 
Hitachi-  

HCC03LLV1018  
6 Cells Serial Daisy chain 

Chevrolet Volt 
STMicro  

 L9763 
8 Cells SPI Daisy Chain 

Mitsubishi I-MiEV 
Linear- 

LTC6802G-2 
12 Cells 

SPI Daisy Chain 

 

Nissan Leaf 
NEC 

 DS15110 
4 Cells 

UART interface 

 

Toyota Prius 
???? 
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4 Cells 

 

Serial Daisy chain 
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http://www.linear.com/product/LTC6802-2
http://www.linear.com/product/LTC6802-2
http://www.linear.com/product/LTC6802-2
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BMS Primary  CPU 

Car model BCM CPU 

Ford Fusion Hybrid 
Freescale 

MPC5534MVZ80 
32 Bit 

Chevrolet Malibu ECO 
Renesas 

R5F714264FPV  
32 Bit 

Chevrolet Volt 
Freescale 

S9S08DZ32 
32 Bit 

Mitsubishi I-MiEV 
NEC  

F3612M2 
32 Bit 

Nissan Leaf 
Renesas 

PD70F3236BM 
32 Bit 

Toyota Prius 
Renesas - 

PD79F0121A 
32 Bit 

Ricardo McLaren P1 
Freescale 

MC9512XPE 
32 Bit 

http://www.renesas.eu/products/mpumcu/superh/sh7147/sh7147/device/R5F71426BD80FPV.jsp
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Ford Fusion 

Hybrid 
X X X X X X X X X X X X 

Chevrolet 

Malibu ECO 
X X X X X X X X X X X 

Chevrolet 

Volt 
X X X X X X X X X X X X 

Mitsubishi I-

MiEV 
X X X X X X X X X X X X 

Nissan Leaf X X X X X X X X X X X X 

Toyota Prius X X X X X X X X X X X 

Ricardo 

McLaren P1 
X X X X X X X X X X X X X 

Architecture Functions Summary 
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• A global standard for BMS will further reduce high cost energy storage systems 

– BMS electronic cost in the range of $500 to $1500 per battery Target $50 

• BMS systems in use today have similar architectures and functions 

• A BMS standard will improve safety and image of HEV/EV market 

• A single specification can cover the two approaches to the architectures: 

– Distributed  

– Centralized 

• BMS’s system hardware have 90% of common functions 

– ASICs have common functions of voltage & temperature monitoring and 

passive balancing  

– Balancing is predominantly Passive with a couple of applications using Active 

– Isolation is predominantly Opto-isolators 

– Microcontroller are 32 bit 

• Most of the IP is software related 

• A common standard would further enable second life use of battery systems 

 

Rational for a Standardized BMS System  
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