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Basics
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Energy = Power x time

• the battery installed energy is higher and higher to increase the vehicle range

• the charging time has to be reduced to be more and more in line with the standard car 

refuelling

 the requested charging power is becoming bigger and bigger

• voltage is becoming in passenger cars, vans, busses and heavy duty vehicles higher and 

higher to limit the current to physically acceptable values (cables, connectors, sensors limits…)

Power  Voltage x Current



Battery Charging
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Secondary electrochemical battery cells (the rechargeable ones) can be charged applying a 

proper DC voltage to their terminals reversing the Redox reactions:

current flow

cathodeanode



Battery Charging Profiles: Standard Charging
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For Lithium based batteries (but the same is for the lead (Pb) ones) the typical standard charge 

profile is the so called CC-CV (Constant Current - Constant Voltage):

• most used and safest 

method (also for the 

battery lifetime)

• Constant Current (CC): 

up to a threshold 

temperature based 

voltage is reached

• Constant Voltage (CV):

current progressively 

decreases (long

charging time)



Battery Charging Profiles: Partial Fast Charging

17 May 2022 SOLUTIONSplus learning programme 5

• it is a partial charge (up to 80-85% SoC) to be performed when the cell temperature is at 

least 20-25°C) to limit the lithium plating phenomena

• the I Phase is performed with very high currents (some times more than the standard 

charge current (high C rate))

• it asks for:

• highly efficiency battery technologies (it is typically applied only to the Lithium 

ones)

• a battery forced cooling system (due to the high charging losses)

• a high power charger (al least lot of different tens of kW)

• the charger is usually an off board charger (DC type) directly connected to the on-board 

battery pack

• it is better to perform this type of charge only when necessary to limit the ageing effects 

(largely due to the possible graphite negative pole lithium plating already mentioned)



Battery Charging Relevance
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The effective usage of grid chargeable electric road vehicles (BEV and P-HEV) largely 

depends on their battery charging process:

• the charging efficiency (charging infrastructure, cables, charger, battery…), that 

depends also on the charging mode and fixes the energy consumption values (and 

how much to pay)

• the charging time defines the effective availability of the vehicle

• the electric connection to the grid way impacts on the usage perception and 

experience, the electric safety and the requested infrastructure/components

• the charging profiles, C rates, temperatures…impact on the battery ageing (particularly 

in case of fast charge)



Battery Charging: Conductive or Wireless?
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The charging process can be performed: 

with a conductive connection between the 

grid side (EVSE - Electric Vehicle Supply 

Equipment) and the vehicle inlet (cable and 

connectors)

through a wireless connection (inductive or 

magnetic resonance). In this case on the 

vehicle there is the captive part of the circuit 

(typically under the chassis) whose primary 

stage is inside the charging slot (typically 

inside the ground)

or:



Battery Charging System Typologies
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From a topological point of view, there are different solutions:

• on-board battery charging system (standard solution for conductive complete charge 

systems) typically called “AC charging”

• partially on-board and partially off-board battery charging system (solution for 

wireless battery charging systems)

• off-board battery charging system (typical solution for partial fast charge systems) 

typically called “DC charging”



AC charge / DC Fast Charge configuration
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Mode 3 Cable

CCS2 Connector

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiP8ZrDy9bWAhWDPRoKHfzUD1EQjRwIBw&url=http://colahsu1949.sell.everychina.com/p-102182126-iec-62196-2-ev-type-2-mode-3-charging-cable.html&psig=AOvVaw2m7Gv8A-hPYlsMmIcId2hf&ust=1507193512862001
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiP8ZrDy9bWAhWDPRoKHfzUD1EQjRwIBw&url=http://colahsu1949.sell.everychina.com/p-102182126-iec-62196-2-ev-type-2-mode-3-charging-cable.html&psig=AOvVaw2m7Gv8A-hPYlsMmIcId2hf&ust=1507193512862001


Battery Conductive Charging Modes
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
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charger example: main features
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charger example: electric specs
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charger example: mechanical, cooling
and safety specs
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charger example: dimensions and 
performance
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Chargers main characteristics and trends

In addition to low cost and limited weight/volume, very important technical elements are:

• the galvanic insulation

• the efficiency (particularly in partial load condition)

• the DC side limited current ripple (to reduce the stress on the battery)

• the Power Factor Control (PFC) of the AC input current 

and in the coming V2G (Vehicle to Grid) / V2H (Vehicle to Home) scenario:

• chargers are expected to become bidirectional (allowing the battery also to transfer energy 

to the grid)

• the AC side waveform “quality” (harmonic distortion) is becoming more and more 

important (EN-61000-3-2 compliancy)



Battery System
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Battery System Management
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Cells/modules management aims:

• electric safety (electric shock…)

• thermal safety (thermal propagation (thermal runaway) and domino effect flammability)

• reliability

• life (cycling life and calendar life)

• performance (max discharge/charge power, available energy, min-max allowable 

voltage…)

and, as an effect, contribute to the system costs limitation



Battery Packs and Management
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Battery packs are realised connecting in series and/or parallel several battery cells (in the large 

size cases organized in modules or blocks).

A “simple” battery pack electrical management only based on pack values (minimum discharge 

voltage, maximum charge voltage in charge and/or regenerative braking conditions, maximum 

current in charge and discharge…) would effectively if all the cells had the same behaviour

The manufacturing differences among the cells are one of the reasons of degenerative 

behaviours (unbalancing) causing, if not correctly counteracted:

• performance reduction (in a first phase)

• irreversible damages (in a second phase)



Battery Management System (BMS)
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The Battery Management System role is:

• to monitor the cells behaviour and verify they are not moving out of the desired 

voltage/temperature windows and/or the currents overcome the limits (depending on the 

SoC, temperature and duration) [Battery Monitoring function]

• to reduce the cell scattering negative effects though passive, active, semi-active balancing 

methods [Battery Management function] 

To reach these goals:

• microprocessor and IC (Integrated Circuits) are used to act the management algorithms

• multiple electric (as first voltage) and thermal sensors are properly positioned on the 

cells/modules/blocks (at research level “in cell sensing solutions” are under investigation)

• sensors can be connected with cabling, wireless (electromagnetic or optical) or with 

capacitive approaches



Battery Management System (BMS) example
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Proto sample realized by Fraunhofer Institute for Integrated Systems and Device Technology (FhG-IISB) - E3-CAR EU R&D project



Battery Management System (BMS) example
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Proto sample realized by Fraunhofer Institute for Integrated Systems and Device Technology (FhG-IISB) - E3-CAR EU R&D project

• 12 Cell Voltage Measurement Channels 

• 12 Cell Temperature Measurements 

Channels

• Additional Back Up Monitoring IC (required 

for Functional Safety (ISO26262))

• CAN Communication Interface

• Active Cell Balancing 

Battery module demonstrator

12S3P configuration: 12 units series connected each 

of them made of 3 cells in parallel
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BMS architectures: centralized solution

Battery Management System (BMS) 

single board integrating both cell 

measuring/balancing and 

control/management functions 

(centralized architecture):

• Pros: cost reduction oriented solution

• Cons: BMS becomes complex (there 

is a lot of cables and actuators 

around the Battery System)

• preferred solutions for small Battery 

System with a limited number of cells 

series connected (for instance 48 V)

cells
voltage and temperature sensors

Centralized BMS
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BMS architectures: distributed solutions

Battery Management System (BMS) master board 

(BMS Master) integrating only the 

control/management functions (distributed 

architecture):

• Pros: higher flexibility (cells/modules number 

can vary and be also very high)

• Cons: higher cost

• preferred solutions for large Battery Systems 

with many cells series connected (for instance 

400-800 V)

The sensors/acquisition/balancing can be done at 

cell level (maximizing the flexibility but the 

costs/complexity too) or, more commonly, at 

module/submodule level (compromise solution).

All these Integrated Circuits can communicate on 

an internal CAN line with the BMS master

BMS Master

cells

Cells 

Management 

Electronics

(cell slaves)

BMS Master

cells

Cells Management 

Electronics

(submodule slaves)
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BMS functions

• Data acquisition and communication

• Battery states determination (SoC: State of Charge, SoH: State of Health)

• Electrical management:

• Battery System Precharge management

• Discharge current control 

• Charge current control

• Protection of single cells against deep discharge

• Protection of single cells against overdischarge

• Balancing

• Thermal management:

• Temperature control (homogeneity among the cells)

• Cooling

• Heating

• Safety management:

• Protection against overtemperature (thermal runaway)

• Battery disconnection in case of a dangerous event (e.g. leakage of insulation, crash, 

venting (gas emission for overpressure), fire…)



Battery Pack max performance graph example
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Max discharging and charging power vs. temperature at different SoC 
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BMS communication with the VMU/VCU 

The BMS communication with the VMU (Vehicle 

Management Unit), also called VCU (Vehicle Control 

Unit), is CAN based. 

All the different e-powertrain components electronic 

control units have to be interconnected this 

communication network
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BMS communication with the VMU 

CAN specifications (example):

The BMS communicates with the VMU with a CAN 

bus specified as follows:

 Ver 2.0 B High Speed Protocol

 Baud rate: 500 kbit/s

 Bus termination resistance: 120 W

 Hardware interface:

o transceiver compliant to standard High 

Speed CAN ISO 11898

o transceiver opto-isolated

o Bus-data termination not included inside the 

device

NP 50 kbps CAN 

NETWORK

NP 500 kbps CAN 

NETWORK

e-powertrain 500 kbps 

CAN NETWORK

E1 E1 E7…

VMU

BMS Inverter charger…

VMU

The VMU reads the messages, sharing info with the 

other two lower speed on board communication 

networks 
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CAN CAN

CAN CAN

C
A

N

Current 

Sensor 

PCB

Battery Management PCB

Vehicle 

Control Unit

12V 

board net 

DC/DC 

converter

Charger

Isolation 

Monitoring

Protection

Switches

Etc.

Battery Module 

Cooling System

Battery Monitoring PCB

Atmel IC

8 bit µC

Battery Module 

Cooling System

Battery Monitoring PCB

Atmel IC

8 bit µC

Battery Module 

Cooling System

Battery Monitoring PCB

Atmel IC

8 bit µC

BMS communication architecture example

BMS distributed architecture 

with submodule slaves Cells 

Management Electronics

PCB: Printed Circuit Board

IC: integrated Circuits
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