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Abstract


Battery-powered electronics devices have become ubiquitous in the modern society. The recent rapid expansion of the use of portable devices (e.g. portable computers, personal data assistants, cellular phones, shavers, etc) and Hybrid Electrical Vehicles (HEVs) creates a strong demand for fast deployment of the battery technologies at an unprecedented rate. The design of a battery-powered device requires many battery-management features, including charge control, battery-capacity monitoring, remaining run-time information, charge-cycle counting, etc. 

Humanity has depended on the electricity ever since it was first discovered. Without this phenomenon much technological advancement would not have been made. When the need for mobility increased, people switched to portable energy storage devices. A battery today as a source of portable power, but it is no exaggeration to say that the battery is one of the most successful inventions in the history of mankind. In all kinds of batteries, lithium battery has the highest power density, energy density and the longest cycle life. Lithium batteries have now taken their place as the rechargeable battery of choice for portable consumer electronics equipment.

The new battery management system of high power lithium battery system for autonomous robots is proposed in this thesis. This new battery management system will recharge the batteries connected in series individually, and monitor each individual battery while the entire set is being charged. This will enable during charging, the system will prevent overcharging. During discharge, when the load is used, the battery management system prevents the module from over-discharging.

The main objective is to develop a battery management system to ensure that optimum use is made of the energy inside the battery powering the portable product and that the risk of damage to the battery is prevented. This is achieved by monitoring and controlling the battery’s charging and discharging process. 
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[bookmark: _Toc261755364][bookmark: _Toc244883277][bookmark: _Toc259914714]Part I: Introduction
[bookmark: _Toc261755365]CHAPTER 1: Introduction
[bookmark: _Toc244883278][bookmark: _Toc259914715][bookmark: _Toc261755366]1.1	Background & Related Work

As autonomous robots are robots which are being developed to perform desired tasks from space exploration, mine sweeping and manufacturing to cleaning floors without continuous human guidance. Each application requires the robot to survive in its environment, whether it is open or closed, indoors or outdoors. Robots are working machines meant to maximize efficiency. Operating time is limited for many of these robots due to their on-board power supplies. As a result, long-term autonomy is not possible. 

Most of the mobile robots are using rechargeable battery as power source, it has only autonomous behavior in duration of battery-life, for example, free moving around to explore, free searching a way to carry heavy objects from assigned state to indicated goal.
We need a good battery management system to make to use of robots to complete their tasks which assigned by human. 


Figure 1.1.Examples of autonomous robots in existing market 

Currently, rechargeable batteries are typically used that provide power for only a few hours. Once depleted, the robot/batteries must be connected to a recharger via human intervention. Battery management is essentially needed to controlling the load on the battery or by isolating the battery from the load (i.e. robots) if the load cannot be controlled.

Practical Lithium based rechargeable batteries were first demonstrated in the 1970's. Now a day, lithium batteries gained much wider usage and became an enabling technology in many applications such as mobile phones, PDA, laptops, cameras and other consumer electronic products. However, in high power applications, we can hardly find it except some R&D projects because of costly and one of the major concerns is safety.

   


Figure 1.2.Products of lithium-ion battery in existing market 
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[bookmark: _Toc261755367]Project Objective
To develop a battery management system for autonomous robots by using LiFePo4 battery pack consists of three major parts: 

Electronic protection circuit
Smart charging control
State-of-Charge

In this project proposal Battery Management System for Autonomous Robots, we will more emphasis on the State-of-Charge which is to predict a battery’s remaining capacity by measuring the amount of time elapsed since the loaded voltage dropped below a certain value. The battery capacity is indicated on the basis of the measured battery voltage and a measured voltage drop across a sense resistor. 

The target specifications of the battery fuel gauging are as follows.
No. of cells required:			8 Cells
Nominal Voltage per Cell:		3.65V per Cell
Battery nominal voltage: 		3.3V/cell x 8 cells = 26.4V
Battery fully charged voltage: 	3.65V/cell x 8 cells = 29.2 V
Battery fully discharged voltage: 	2.5V/cell x 8 cells = 20V
Capacity				10Ah to 20 Ah










[bookmark: _Toc244883280][bookmark: _Toc259914717][bookmark: _Toc261755368]Project Scope

Before the project starts, it will need proper planning, research and study. According to my supervisor’s guidance and my understanding on overall project, I list out detail steps as per below.


The project will include following main tasks.

Task 1: Project proposal and approval process
Task 2: Background study for battery cells chemistry and literature review. Study Battery Management System of monitoring and protection circuit
Task 3: Research & study specification of various components for my design
Task 4: Evaluation of cell balancing for selected battery packs with selected IC models.
Task 5: Design and development battery fuel gauging design circuitry for battery management system
Task 6: Purchased bq78pl114 Evaluation module and Maxim DS2788.
Task 7 – Functional testing of evaluation modules (Main Board)
Task 8 –Testing and troubleshooting Evaluation kits. 
Task 9: To improve project management and problem solving skills. 
Task 10 – Final testing with different voltage, current and temperature 
Task 11 – Submission of final report (Thesis) and Presentation









[bookmark: _Toc259914718][bookmark: _Toc261755369]1.4 Proposed approach and method to be employed

In this proposal, we have chosen Battery Fuel Gauge ICs. The Battery Fuel Gauge ICs are Texas Instruments bq78PL114 and Maxim DS2788.

Maxim DS2788
Maxim DS2788 (a standalone battery fuel gauge selected for the present battery management system by Singapore Polytechnic) used for Li-ion cells with Coulomb counter. DS2788 measures voltage, temperature and current and estimate available capacity for rechargeable Lithium-ion. For DS2788, its book-keeping algorithms to function accurately while minimizing computational complexity and parametric data storage, certain assumptions are made. For best accuracy, the data should be collected on assembled pack containing the production circuit as opposed to individual cells. We have explored on more on battery cell monitoring circuit during charge/discharge condition and cell balancing function by exploring DS2788K Evaluation Kit.

Texas Instruments bq78PL114
Texas Instruments bq78PL114 which supports battery pack configurations consists of a string of 3 to 8 Li-ion cells in series. Bq78PL114 provide complete battery-system control, communications and safety functions for a structure of three up to twelve series.  It’s incorporating an on–board processor to calculate the remaining battery capacity and system run-time (time-to-empty). The processor simply reads the data set to retrieve remaining battery capacity, run-time and other critical information that is fundamental to comprehensive battery and power management. We have explored more on battery cell monitoring circuit during charge/discharge condition and cell balancing function by exploring bq78pl114 Evaluation Module.

[bookmark: _Toc244883282][bookmark: _Toc259914719]The main approach is to adopt a safety function for a structure if three up to twelve series cells. Protecting the battery from out of tolerance operating conditions is fundamental to all battery management system applications. In practice the battery management system must provide full cell protection to cover almost any eventuality. Operating a battery outside of its specified design limits will inevitably lead to failure of the battery. Apart from the inconvenience, the cost of replacing the battery can be prohibitive. This is particularly true for high voltage and high power automotive batteries which must operate in hostile environments and which at the same time are subject to abuse by the user. This is an essential feature of BMS. More batteries are damaged by inappropriate charging than by any other cause.  In multi-cell battery chains small differences between cells due to production tolerances or operating conditions tend to be magnified with each charge / discharge cycle. Weaker cells become overstressed during charging causing them to become even weaker, until they eventually fail causing premature failure of the battery. Cell balancing is a way of compensating for weaker cells by equalizing the charge on all the cells in the chain and thus extending battery life.



Figure 1.3.Proposed battery model for our BMS system
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Voltage Monitor Circuit
Current
 Sensing
Circuit
Temperature Sensing
Charge/Discharge Control
Protection Circuit
Microcontroller Circuit
Smart Charging Control
DC 
Out/In
To Host System
)
Figure 1.4.Purposed battery management systems










[bookmark: _Toc261755370]CHAPTER 2: Literature Review
[bookmark: _Toc244883283][bookmark: _Toc259914720][bookmark: _Toc261755371]2.1 General operational mechanism of Li-ion batteries

The cell consists of five regions which include a negative-electrode current collector made of copper, a porous composite negative insertion electrode, a porous separator, a porous composite insertion electrode and positive-electrode current collector made of aluminum. The composite electrodes are made of active materials particles held together by a binder and a suitable filler material such as carbon black. When discharge is about to begin the negative electrode is fully lithiated and the positive electrode is ready to accept lithium ions. During discharge, the lithium ions deintercalate from the negative electrode particles and the solution phase, while in the positive electrodes region lithium ions in the solution phase, while in the positive electrode region lithium ions in the solution phase intercalate into the LiCoO2 particles. This results in a concentration gradient, which drives lithium ions from the negative electrode to the positive electrode. The cell voltage decreases during discharge, as the equilibrium potentials and over potentials of the two electrodes are strong functions of the concentrations of lithium on the surface of the electrode particles. The cell is considered to have reached the end of the discharge when its voltage drops to 3.0V.
The positive electrode is made of lithium metal oxides for storing the lithium ions. The negative carbon electrode is made up of graphite or petroleum coke. The electrolyte is usually a salt dissolved in an organic solvent, but batteries with other solvents such as propylene carbonate also exist. The operating voltage of the Li-ion batteries is critical and over-discharging results in fast aging and may cause fire or even exploding batteries.




Figure.2.1.1.A schematic representation of a typical Li-ion cell

Several types of rechargeable battery systems have been discussed in this section. The main characteristics of various battery types.

	Battery System
	NiCd
	NiMH
	Li-ion

	Average operating voltage (V)
	1.2
	1.2
	3.6

	Energy density (Wh/I)
	90 - 150
	160 - 310
	200 - 280

	Specific energy (Wh/Kg)
	30 - 60
	50 - 90
	90 - 115

	Self-discharge rate (%/month) at 20°C
	10 - 20
	20 - 30
	1 - 10

	Cycle life
	300 - 700
	300 - 600
	500 - 1000

	Temperature (°C)
	-20°C to 50°C
	-20°C to 50°C
	-20°C to 50°C



Table 2.1.2.Overview of the main characteristics of the most important rechargeable battery systems
[bookmark: _Toc244883284][bookmark: _Toc259914721][bookmark: _Toc261755372]2.2	What is Battery Management System? 

Battery Management System means different things to different people. To some it is simply Battery Monitoring, keeping a check on the key operational parameters during charging and discharging such as voltages and currents and the battery internal and ambient temperature. The monitoring circuits would normally provide inputs to protection devices which would generate alarms or disconnect the battery from the load or charger should any of the parameters become out of limits. Battery Management System is to ensure that optimum use is made of the energy inside the battery powering the portable product and that the risk of damage to the battery is prevented. This is achieved by monitoring and controlling the battery’s charging and discharging process. 

[bookmark: _Toc244883286][bookmark: _Toc259914722][bookmark: _Toc261755373]2.2.1 Why Battery Management System needed?

In order to maximize the battery’s capacity, and to prevent localized under-charging or over-charging, the battery management system may actively ensure that all the cells that compose the battery are kept at the same state of charge, state of health and the remaining run time.
[bookmark: _Toc244883287][bookmark: _Toc259914723][bookmark: _Toc261755374]2.2.2 Overview Function of Battery Management System

BMS is to provide the necessary monitoring and control to protect the cells from out of tolerance ambient or operating conditions. This is of particular importance in automotive applications because of the harsh working environment. As well as individual cell protection the automotive system must be designed to respond to external fault conditions by isolating the battery as well as addressing the cause of the fault. For example cooling fans can be turned on if the battery overheats. If the overheating becomes excessive then the battery can be disconnected.

Figure 2.2.General architecture of a Battery Management System
[bookmark: _Toc244883289][bookmark: _Toc259914725][bookmark: _Toc261755375]2.3 State-of-Charge definition
Three terms are relevant with respect to accurately implementing the monitor function of the battery state in a Battery Management System. These three terms are the State-of-Charge (SoC), the State-of Health (SoH) and the remaining rum-time ().
State-of-Charge (SoC) is the percentage of the maximum possible charge that is present inside a rechargeable battery.
State-of-Health (SoH) is a ‘measure’ that reflects the general conditions of a battery and its ability to deliver the specified performance in comparison with a fresh battery.
The remaining run-time () is the estimated time that the battery can supply current to a portable device under valid condition before it will stop functioning.
[bookmark: _Toc244883291][bookmark: _Toc259914727][bookmark: _Toc261755376]2.4 A general State-of-Charge system

The battery capacity is indicated on the basis of the measured battery voltage and a measured voltage drop across a sense resistor. To predict a battery’s remaining capacity by measuring the amount of time elapsed since the loaded voltage dropped below a certain value. The standard unit used to express battery capacity is Coulomb, which describes the time a battery can produce a given current. The Coulomb is the unit of electric charge corresponding to one ampere-second (As). However, cell or battery capacity is more commonly expressed in ampere-hours (Ah) or milliampere-hours (mAh). Of great importance for users is to know a battery’s State of Charge. In State of Charge is defined as the percentage of the maximum possible charge that is present inside a rechargeable battery. It is the ratio of a cell’s available capacity and its maximum attainable capacity. The State of Charge measurement method and the computational model based on the correct State of Charge definition must be simple, convenient, practical and reliable.


Figure.2.4.General functional architecture of SoC system

















[bookmark: _Toc244883292][bookmark: _Toc259914728][bookmark: _Toc261755377]2.5 Methods of State-of-Charge Determinations

	Technique
	Field of application
	Advantages
	Drawbacks

	Discharge test
	Used for capacity determination at the beginning of life
	Easy and accurate; independent and SoH
	Offline, time=intensive, modifies the battery state, loss of energy

	Coulomb counting
	All battery systems, most applications
	Accurate if enough re-calibration points are available and with good current measurements
	Sensitive to parasite reactions; needs regular re-calibration points

	OCV
	Lead, Lithium, Zn/Br
	Online, cheap, OCV predication
	Needs long rest time (current = 0)

	EMF
	Lead, Lithium
	Online, cheap, EMF predication
	Needs long rest time (current = 0)

	Linear model
	Lead photovoltaic
	Online easy
	Needs reference data for fitting parameters

	Impedance spectrosopy
	All systems
	Gives information on SoH and quality
	Temperature sensitive, cost intensive

	D.C. Internal resistance
	Lead, NiCd
	Gives information on SoH ; possibility of online measurements
	Good accuracy, but only for a short time interval

	Artificial Neural Networks
	All battery systems
	Online
	Needs training data of a similar battery, expensive to implement

	Fuzzy Logic
	All battery systems
	Online
	Ask a lot of memory in real-word application

	Kalman filters
	All battery systems, PV, dynamic application
	Online Dynamic
	Difficult to implement The filtering algorithm that considers all features as e.g. nonnormalities and nonlinearities




Table 2.5.Overview of methods for SoC determination
[bookmark: _Toc244883294][bookmark: _Toc259914730][bookmark: _Toc261755378]2.6	Types of Battery Fuel Gauge in existing market

The actual State of Charge technologies or battery fuel gauge used by leading battery management IC producers are Texas Instruments, Dallas Semiconductor/Maxim, Linear Technology, PowerSmart /Mircochip, Analog Devices, Xicor, Atmel and Mitsumi.

Texas Instrument
Book keeping system is a method for SoC indication that is based on both current measurement and integration. This can be denoted as Coulomb counting.
Measure the charge and discharge current using an integrated low-offset voltage to frequency converter.
Microchip
Contain advanced battery control algorithms to determine remaining capacity, runtimes and various other relating to power management system.
Book keeping system.
Maxim
Book keeping algorithms to function accurately while minimizing computational complexity and parametric data storage, certain assumptions are made.
Using Coulomb counter.



Figure 2.6.Products of Battery Fuel Gauges in existing market 




[bookmark: _Toc244883296][bookmark: _Toc259914732][bookmark: _Toc261755379]CHAPTER 3: Project Plan

Project tasks are divided into eight sections: 
1. Project proposal and approval process 
2. Literature research 
3. Preparation of initial report 
4. Study BMS monitoring circuit
5. Evaluation cell balancing circuit during charging/discharging
6. Study on State-of-Charge (SoC) Applications
7. Testing & troubleshooting on selected Evaluation kits 
8. Preparation for FYP report 
9. Preparation for poster presentation 

Task 1, project proposal only took a few days but for approval, I have met with project supervisor for interview section at Singapore Polytechnic.
Task 2, literature research is important step for understanding of the project; 28 days were spent for this task. 
Task 3: preparation of initial report partially depends on the task 2. Tasks 2 and 3 were carried out almost simultaneously and have spent more time to study whole project objective before submit interim report by end October 2009.
Task 4, 5 and 6 were set to complete practical project work by 28/02/2010. The duration for tasks 4, 5 and 6 is 180 days. Actual plan for tasks 5 only 60 days but extended to 90days due to having hard time designing using PCB design software. During actual project implementation, many problems were tackled such as Battery Fuel Gauge’s PCB layout drawing design to fabricate prototype. Therefore, task 6 was also increased by 30 days until 30/04/2010.
Task 7 takes 1 month to evaluate on testing with necessary circuitry board.
Task 8, preparation for final report was given approximately 100 days because it is the description of our whole project work and 40% of capstone project score is carried by this task. It will start from Feb 2010 and ends by 17 May 2010.
Task 9, preparation for poster representation will start after submission of project final report. There are 2 weeks available for this task.
Detailed project plan and Gantt chart are as shown below. 
	Battery Management System For Autonomous Robots
	 
	 
	 

	Task Name
	Duration
	Start
	Finish
	Resources

	1. Project proposal and approval process
	17 days
	7-Aug-2009
	28-Aug-2009
	Internet Explorer

	1.1. Project proposal
	15 days
	7-Aug-2009
	26-Aug-2009
	

	1.2 Project approval
	2 days
	27-Aug-2009
	28-Aug-2009
	Library Facilities

	2. Literature research
	30 days
	1-Sep-2009
	12-Oct-2009
	

	2.1. Reading relevant books and journal review 
	15 days
	1-Sep-2009
	21-Sep-2009
	Internet Explorer guideline from supervisor

	2.2. Study relevant articles from internet
	15 days
	22-Sep-2009
	12-Oct-2009
	

	2.3. Preparation of interim report 
	17 days
	8-Oct-2009
	30-Oct-2009
	

	3. Thorough study on project objects
	7 days
	8-Oct-2009
	16-Oct-2009
	Charger IC data sheet References

	3.1 Preparation of interim report
	8 days
	21-Oct-2009
	30-Oct-2009
	

	4. Study BMS monitoring circuit
	30 days
	2-Nov-2009
	11-Dec-2009
	

	4.1 Study and select suitable IC model to be used
	30 days
	2-Nov-2009
	11-Dec-2009
	

	5. Evaluation of State-of-Charge
	29 days
	14-Dec-2009
	21-Jan-2010
	Internet Explorer

	5.1 Design circuitry for State-of-Charge
	29 days
	14-Dec-2009
	21-Jan-2010
	Library Facilities

	6. Proposed Battery fuel design
	49 days
	25-Jan-2010
	1-Apr-2010
	Personal Computer

	6.1 Study of battery fuel gauge operation 
	7 days
	25-Jan-2010
	2-Feb-2010
	

	6.2. Decide suitable IC to use for battery fuel gauge
	14 days
	3-Feb-2010
	22-Feb-2010
	Internet Explorer, guideline from supervisor

	6.3. Proposed  circuit design and components selection
	14 days
	23-Feb-2010
	12-Mar-2010
	Internet Explorer, guidelines from supervisor

	6.4. Evaluation of Battery fuel gauge PCB board
	14 days
	15-Mar-2010
	1-Apr-2010
	 

	7. Evaluation of BMS system
	14 days
	2-Apr-2010
	21-Apr-2010
	Personal Computer

	7.1. Testing and troubleshoot on evaluation kit
	14 days
	2-Apr-2010
	21-Apr-2010
	 

	8 Preparation for final report (Thesis)
	17 days
	22-Apr-2010
	14-May-2010
	Charger IC data sheet References

	8.1 Writing skeleton of final report
	1 day
	22-Apr-2010
	22-Apr-2010
	

	8.2 Writing Literature research
	2 days
	23-Apr-2010
	26-Apr-2010
	

	8.3 Writing Introduction of report
	2 days
	27-Apr-2010
	28-Apr-2010
	Personal Computer

	8.4 Writing Main body of report
	7 days
	29-Apr-2010
	7-May-2010
	 

	8.5 Writing Conclusion and Further study
	2 days
	10-May-2010
	11-May-2010
	 

	8.6 Finalizing and Amendments of report
	3 days
	12-May-2010
	14-May-2010
	 

	9. Preparation for oral poster presentation
	14 days
	18-May-2010
	4-Jun-2010
	 

	9.1 Review the whole project for presentation
	9 days
	18-May-2010
	28-May-2010
	 Personal Computer

	9.2 Create presentation project poster
	5 days
	31-May-2010
	4-Jun-2010
	 




[bookmark: _Toc261755380][bookmark: _Toc261560886][bookmark: _Toc244883297][bookmark: _Toc259914733]Part II: Maxim DS2788
[bookmark: _Toc261755381]CHAPTER 4:  System Implementation

Our selected DS2788 provide measurement of voltage, temperature and current and estimates available capacity for rechargeable lithium-ion and lithium polymer batteries.
[bookmark: _Toc261560887][bookmark: _Toc261755382]4.1 Overview of Voltage Measurement 

The DS2788 Battery voltage is measured at the VIN input with respect to VSS over a range of 0 to 4.5V, with a resolution of 4.88mV. The result is updated every 440ms and placed in the Voltage (VOLT) register in two’s complement form. Voltages above the maximum register value are reported at the maximum value; voltages below the minimum register value are reported at the minimum value..
 VIN is usually connected to the positive terminal of a single-cell Li+ battery by a 1kΩ resistor. The input impedance is sufficiently large (15MΩ) to be connected to a high-impedance voltage-divider in order to support multiple-cell applications. The pack voltage should be divided by the number of series cells to present a single- cell average voltage to the VIN input. In Figure 4.1, the value of R can be up to 1MΩ without incurring significant error due to input loading. The VMA pin is driven high  before the voltage conversion begins. This allows an external switching element to enable the voltage-divider, and allows settling to occur before the start of the conversion.

Figure 4.1.1.Voltage measurement

Figure 4.1.2.Voltage Register Format










[bookmark: _Toc261755383]4.2 Overview of Temperature Measurement 

The DS2788 uses an integrated temperature sensor to measure battery temperature with a resolution of 0.125°C. Temperature measurements are updated every 440ms and placed in the Temperature (TEMP) register in two’s complement form.


Figure 4.2.2.Temperature Register Format

[bookmark: _Toc261560888][bookmark: _Toc261755384]4.3 Overview of Current Measurement 

In the ACTIVE mode of operation, the DS2788 continually measures the current flow into and out of the battery by measuring the voltage drop across a low-value current-sense resistor, RSNS. The voltage-sense range between SNS and VSS is ±51.2mV. The input linearly converts peak signal amplitudes up to 102.4mV as long as the continuous signal level (average over the conversion cycle period) does not exceed ±51.2mV. The ADC samples the input differentially at 18.6 kHz and updates the Current (CURRENT) register at the completion of each conversion cycle









[bookmark: _Toc261560889][bookmark: _Toc261755385]4.3.1 Design of Current Sense resistor 

The current sense circuits monitor the battery current via a sense resistor for the purposes of gas gauging and safety. 

Figure 4.3.1.Current Measurement Circuit

A voltage in the millivolt range is generated across the sense resistor. DS2788 is capable of temperature compensating the current-sense resistor to correct for variation in a sense resistor’s value over temperature.
[bookmark: _Toc261560891][bookmark: _Toc261755386]4.3 Gas Gauging

The DS2788 measures pack voltage, temperatures, and current as inputs to an algorithm used to determine capacity of the battery pack. The DS2788 gas-gauging algorithm uses open-circuit voltage (OCV) when the system is in a relaxed state along with charge integration when the system is under load conditions to determine State of Charge (SOC) It acquires dynamic cell impedance at times of load current change and updates the Battery Impedance Profile during normal battery usage.
The gas-gauging calculations depend on several basic measurements provided by the measurement subsystem of the DS2788. These are:
Synchronous measurements of pack voltages and pack current
An independent continual coulomb count of passed charge
Battery temperature
Various derived parameters such as average current, dynamic cell impedance, etc.

[bookmark: _Toc261560894][bookmark: _Toc261755387]Schematic Design of DS2788 Evaluation Kit


[bookmark: _Toc261560895][bookmark: _Toc261755388]CHAPTER 5: Design of DS2788 Evaluation Kit circuitry

[bookmark: _Toc261560896][bookmark: _Toc261755389]5.1	Feature and Function of DS2788

Internal Voltage Measurement Gain Register for Trimming External Voltage-Divider
Pin for Driving FETs to Enable Voltage-Divider Only During Voltage Measurement, Conserving Power
Precision Voltage, Temperature, and Current Measurement System
 Accurate, Temperature-Stable, Internal Time Base
 Absolute and Relative Capacity Estimated from Coulomb Count, Discharge Rate, Temperature, and Battery Cell Characteristics
Accurate Warning of Low Battery Condition
Automatic Backup of Coulomb Count and Age Estimation to Nonvolatile (NV) EEPROM
Gain and Tempo Calibration Allows the Use of Low-Cost Sense Resistors  
 
Figure 5.1.DS2788 IC chip



[bookmark: _Toc261560897][bookmark: _Toc261755390]5.2	Overview of Battery Fuel Gauge operation

The DS2788 control basic fuel-gauging operation. Multiple parameters are provided for custom configuration of the DS2788 to allow flexible use in a variety of one to ten cell Li-Ion applications. 
[bookmark: _Toc261560898][bookmark: _Toc261755391]5.3	Application of Battery Fuel Gauge 
[bookmark: _Toc261560899][bookmark: _Toc261755392]5.3.1 Battery Voltages  Connection

Measurement accuracy of pack voltages has a direct impact on BMU performance. Pack voltages are used to determine certain gas gauging parameters as well as determine fault and safety conditions. Monitoring these critical voltages requires a physical connection to battery pack terminal that ensures highest measurement accuracy. Any voltage drop induced by the method and/or physical location of the connections to the battery pack is interpreted as a part of the total voltage.


Figure 5.3.1.Schematic of Battery Connections


[bookmark: _Toc261560902][bookmark: _Toc261755393]CHAPTER 6: Experimental Results and Discussion 
[bookmark: _Toc261560903][bookmark: _Toc261755394]6.1	Initial testing set up with DS2788 evaluation kit board

The basic operation of the DS2788 evaluation board requires the use of USB interface adaptor (DS9123O USB Adapter). Currently, this evaluation board only supports 2 cells. We have download the GUI software from the Maxim website for PC-based graphic-user interface which can be implemented to detect the evaluation module .With these pieces in place and installed necessary software, the PC interface can then quickly be used to monitor the operation of the board once power is applied.


Figure 6.1.1.Front view of DS2788 Evaluation kit

Figure 6.1.2.Front view of DS9123O USB Adapter


Figure 6.1.3.Li-on Battery with 2 cells with 900mAh

Have prepared following steps of before making connection between power supply, DS2788 evaluation Kit and USB interface adapter.

Test circuitry to make sure there is no short circuit.
Apply 2 cells Li-ion battery which is around 7.6V as max voltage can apply is 7.9V.
Once cell per voltage is verified less than 5V, connect DS2788 evaluation board and battery through connector cable. Once battery connected to DS2788 evaluation board, check the LEDs by pressing a button on the evaluation board.
 (
Press Button
)
 (
LEDs light up
)
Figure 6.1.4.Front view of DS9123O USB Adapter

Above all testing need to be done, without connecting USB interface Adapter to Evaluation board.
Connect DS2788 evaluation board with battery connected and connect USB interface Adapter to PC through RJ11 cable.

Figure 6.1.5.Connections of evaluation kit and PC

Make sure PC have already downloaded GUI software before doing test procedures.
Start the GUI software from PC. Number of cells will be detected if all connections are working fine.


Figure 6.1.6.Comparsion of communicating and non-communicating with evaluation kit.

[bookmark: _Toc261560904][bookmark: _Toc261755395]Testing the evaluation module with GUI software

Once Power-up the board and start the GUI, the PC will be communicating with the DS2788. The GUI should power up and detected DS2788. If the GUI displayed “no device found” , then there is a communication problem. Another suggestion is close GUI software and re-start the software again.

[bookmark: _Toc261560905][bookmark: _Toc261755396]6.2.1 Overview of Graphic User Interface Software 
There are three tabs on the main window. These are Real Time, Parameter, Memory and Log Data.
Real Time:
Parametric Data - Provide the latest real time measurements of cell voltage, temperature, current and accumulated charge with both analog meter readouts and digital values.


Figure 6.2.1.1.Parametric Data Sub Tab








Fuel gauge data - Displays the latest fuel gauge calculations. The Full, Active Empty, and
Standby Empty levels are calculated from the data input on the Parameters Tab. The Remaining Active Absolute Capacity (RAAC) and the Remaining Stand-by Absolute Capacity (RSAC) are displayed in terms of mAhrs. The Remaining Active Relative Capacity (RARC), Remaining Stand-by Relative Capacity (RSRC) are displayed in terms of percent of capacity remaining. The Analog Meter on the left displays the Remaining Active Absolute Capacity (RAAC).


Figure 6.2.1.2.Fuel Gauge Sub Tab














Parameters:
Parameters give the user access to the entire Parameter EEPROM memory block.
The Application Units Tab displays the parameters in units like mA, mAhrs, and volts. The Device Units Tabs performs the calculations needed to get the application units into the units that are stored in the device like μV, μVhrs, and ppm as well as show the hexadecimal values that get written to the device.


Figure 6.2.1.3.Application Unit Sub Tab
Device Units – It is read-only. It displays the actual hexadecimal values read from the DS2788 and displays the units that are stored in the device.

Figure 6.2.1.4.Device Unit Sub Tab
Memory:
Memory - It gives the user access to all 32 bytes of SRAM and all 48 bytes of EEPROM inside the DS2788. They are separated into four sub-tabs for convenience. Any value can be modified by clicking in that address’ text box and typing a new value in hexadecimal format. The Write button will copy the entire block of data to the corresponding location inside the DS2788 (Scratchpad RAM on the EEPROM blocks). The Read button will update the entire block’s text boxes with data from the DS2788
(Scratchpad RAM on the EEPROM blocks). Sub-tabs displaying any EEPROM data will also have Copy and Recall buttons to allow the user to transfer the data between Scratchpad and EEPROM memory internal to the DS2788. The Permanently Lock Block 0/1 buttons will permanently store the data currently located in that block’s EEPROM. Warning – this data can never be changed once locked. Verify your data first by issuing a Recall and a Read.

Figure 6.2.1.5.Memory Tab





Log Data:
Log Data - It allows the user to see the DS2788’s real time measurements graphed over time.

Figure 6.2.1.6.Log Data Tab

[bookmark: _Toc261560906][bookmark: _Toc261755397]6.2.3 Voltage measurement



Figure 6.2.3.Voltage Sub Tab with Graph Chart

[bookmark: _Toc261755398]6.2.4 Current measurement


Figure 6.2.4.Current Sub Tab with Graph Chart
[bookmark: _Toc261755399]6.2.5 Temperature measurement



Figure 6.2.5.Temperature Sub Tab with Graph Chart

[bookmark: _Toc261755400]6.2.6 Accumulated Charge measurement


Figure 6.2.6.Accumulated Charge Sub Tab with Graph Chart


















[bookmark: _Toc261755401]Part III: Texas Instruments bq78pl114
[bookmark: _Toc261755402]CHAPTER 7:  System Implementation

Our selected bq78pl114 provide part of the Li-ion control, monitoring, and safety solution designed for large series cell strings. The bq78pl114 along with bq76pl102 provide a complete battery-system control, communications, and safety functions for a structure of three up to eight series cells.
[bookmark: _Toc244883298][bookmark: _Toc259914734][bookmark: _Toc261755403]7.1 Overview of protection level operation

The bq78PL114 supports multi-level safety functions for a variety of battery-pack parameters. The safety protection features are a group of safety thresholds and responses which can be reset and which can occur at various speeds and threshold limits. 
Typically slow to act, and activation includes opening protection MOSFETs to interrupt current flow in the battery pack. 
Faster-reacting action, usually a higher threshold needed to cause the reaction, and activation which includes opening protection MOSFETs to interrupt current flow in the battery pack. Hardware Safety: Very fast reaction, on the order of milliseconds, usually at still-higher activation thresholds which also cause the protection MOSFETs to interrupt current flow in the battery pack. This wide range of battery and system protection features is easily configured or enabled via the integrated data flash.
[bookmark: _Toc244883299]






[bookmark: _Toc259914735][bookmark: _Toc261755404]7.2 Overview of Charge and Discharge Control 

The bq78PL114 allows programmable thresholds for various aspects of both charge and discharge. For example, during charge, the bq78PL114 can report the appropriate charging current needed for the constant charging current and the charging voltage needed for constant-voltage charging per charging algorithm to a smart charger using the Charging Current and the Charging Voltage functions. (Actual charging parameters are listed as follows.) Similarly, discharge can be limited due to temperature or various alarm settings.

[bookmark: _Toc244883301][bookmark: _Toc259914737][bookmark: _Toc261755405]7.2.1 Design of Current Sense resistor 

The current sense circuits monitor the battery current via a sense resistor for the purposes of gas gauging and safety. 

Figure 7.2.1.Current Measurement Circuit
A voltage in the millivolt range is generated across the sense resistor that is proportional to the discharge or charge current. The generated voltage is sampled at inputs CCBAT and CCPACK and converted to an instantaneous current value and coulomb reading by the bq78PL114. The CCBAT and CCPACK pins must each have a nominal 4.7-kΩ series resistor for signal conditioning. This input may also need a differential filter capacitor depending on the frequency content of the sampled signal. The digital sampling frequency of the gas gauge is approximately 13 kHz. Choose a capacitor value that provides an appropriate level of attenuation of signals at this frequency to avoid signal aliasing. The voltage drop across the sense resistor is also monitored by the bq78PL114 at inputs CSBAT and CSPACK to provide features like short-circuit protection and others. These fast-acting inputs have user-configurable trip-delay-times and consequently do not require any signal filtering. The choice of sense resistor type has an influence on BMU current measurement performance. A resistor with a low-temperature coefficient is less influenced by changes in ambient temperature. 
[bookmark: _Toc244883302][bookmark: _Toc259914738][bookmark: _Toc261755406]7.2.2 Component selection for Charge/Discharge circuitry

We have chosen power MOSFET model “IRF4905” for charge/discharge operation in our BMS protection main circuit board.



Figure 7.2.2.Picture of IRF4905

Below features combine to make this design an extremely efficient and reliable 
Specifically designed for automotive applications
Extremely low on-resistance per silicon area
175°C junction operating temperature
Fast switching speed and improved repetitive avalanche rating

Table 7.2.3.Absolute Maximum Ratings
[bookmark: _Toc244883300][bookmark: _Toc259914736][bookmark: _Toc261755407]7.3 Gas Gauging

The bq78PL114 measures individual cell voltages, pack voltage, temperatures, and current as inputs to an algorithm used to determine capacity of the battery pack. The bq78PL114 gas-gauging algorithm uses open-circuit voltage (OCV) when the system is in a relaxed state along with charge integration when the system is under load conditions to determine Chemical State of Charge (SOC) and Chemical Capacity (Qmax). It acquires dynamic cell impedance at times of load current change and updates the Battery Impedance Profile during normal battery usage.
The gas-gauging calculations depend on several basic measurements provided by the measurement subsystem of the bq78PL114. These are:
Synchronous measurements of cell voltages and pack current
An independent continual coulomb count of passed charge
Individual cell temperatures
Various derived parameters such as average current, dynamic cell impedance, etc.




[bookmark: _Toc261755408]7.3 Cell Balancing

Common to every battery system with series cells is the problem of cell imbalance. Cell balancing is a method of designing safer battery solutions that extends battery run time as well as battery life.
If overheated or overcharged, Li-Ion cells are prone to accelerated cell degradation and can catch fire or even explode. Hardware and software protection is in place to mitigate these immediate dangers. In a multi-cell battery pack, which is commonly used in laptop computers and medical equipment, placing cells in series opens up the possibility of cell imbalance, a slower but persistent degradation of the battery. No two cells are identical. There are always slight differences in the state of charge (SOC), self-discharge rate, capacity, impedance, and temperature characteristics, even for cells that are the same model from the same manufacturer and even from the same batch of production. When building multi-cell packs, manufacturers usually sort cells with similar SOCs by voltage. However, variations in an individual cell’s impedance, capacity, and self-discharge rate can still lead to a divergence in its voltage over time. Since most battery chargers detect full charge by checking whether the voltage of the entire string of cells has reached the voltage-regulation point, individual cell voltages can
vary as long as they do not exceed the limits for overvoltage (OV) protection. However, weak cells—i.e., cells with lower capacity or higher internal impedance—tend to exhibit higher voltage than the rest of the series cells at full charge termination. These cells are weakened further by continuous overcharge cycles. The higher voltage of weak cells at charge completion causes accelerated capacity degradation. On the other hand, in discharge, the weak cells tend to have lower voltage than the other cells, due to either higher internal resistance or the faster rate of discharge that results from their smaller capacity. This means that if any of the weak cells hits the cell undervoltage-protection limit while the pack voltage is still sufficient to power the system, the full capacity of the battery will not be used.
The bq78PL114 can use cell balancing to decrease the differences in imbalanced cells at any time: while at rest, while charging, or while discharging. By maintaining cell-to-cell balance, pack performance is increased and cells are not excessively overcharged or overdischarged.
The effect of cell imbalance is analogous to a chain only being as strong as its weakest link. Cells can in time become imbalanced due to a variety of reasons. For example, high-density packaging requirements coupled with high-performance electronics could cause a temperature gradient across a battery pack. If the host electronics are run from line power for extended periods of time, the hotter cells in the battery will self-discharge at a higher rate than the lower-temperature cells. This could result in cell imbalance as the higher voltage cells, not in need of charging, receive the same charge current as the lower voltage cells because the cumulative Pack Voltage is low. When the higher voltage cells cause the constant voltage charger to stop, the lower cells are left at a diminished capacity. Cell imbalance can also occur naturally over time due to manufacturing inconsistencies from cell to cell.

Figure 7.3.Powerpump cell balancing







[bookmark: _Toc244883303][bookmark: _Toc259914739][bookmark: _Toc261755409]7.4 Operation of Battery Cells balancing circuitry

The cell balancing system in the lithium-ion battery-management products safeguards against cell imbalance. A typical lithium-ion battery-management system consists of one bq78PL114 master gateway controller and possibly one or more bq76PL102 dual-cell monitoring devices. The bq78PL114 is used for three or four series cell packs and the bq78PL114 and one or more bq76PL102 would be used if the pack size is over four series cells. The control of cell balancing resides in the bq78PL114. Both devices contain circuits for each cell connected – the bq78PL114 contains four circuits and the bq76PL102 contains two. Device hardware and external components allow each cell to pump north or south to the other cells in the battery.

Figure 7.4.PowerLAN Eight Cell Battery Management Block Diagram with PowerPump Balancing
[bookmark: _Toc244883304][bookmark: _Toc259914740][bookmark: _Toc261755410]Schematic Design of bq78pl114 Evaluation Module
[bookmark: _Toc261755411]7.5.1 DIMM Circuit Module


 

[bookmark: _Toc261755412]7.5.2 Base Circuit Module





[bookmark: _Toc261755413]7.5.3 Temperature Sensor Circuit Board




[bookmark: _Toc244883305][bookmark: _Toc259914741][bookmark: _Toc261755414]CHAPTER 8: Design of bq78pl1174 Evaluation Module circuitry

[bookmark: _Toc261755415]8.1	Feature and Function of bq78pl114

bq78pl114 designed for managing 3 to 8 series cell battery systems
Systems with more than four series cells require external bq76pl102 dual-cell monitors
Smart Safety features such as prevention of optimal cell management, diagnosis to improved sensing of cell problems and detection of event precursors.
Rate of change detection such voltage, impedance and cell temperature.
Transfer charge efficiently from cell to cell during all operating conditions, resulting in longer run time and cell life.
Simultaneous, synchronous measurement of pack current and individual cell voltages.
Very low power consumption.
 

Figure 8.1.bq78pl114 IC chip

[bookmark: _Toc244883307][bookmark: _Toc259914743][bookmark: _Toc261755416]8.2	Overview of Battery Fuel Gauge operation

The bq78PL114 control both basic fuel-gauging operation and safety operation. Multiple parameters are provided for custom configuration of the bq78PL114 to allow flexible use in a variety of 3- to 8-cell Li-Ion applications. (Note that for cell counts greater than four, additional bq76PL102 parts are required in addition to the bq78PL114.) Pack based charging and discharging schemes cannot fully address the problems associated with capacity imbalance of the series cells. Balancing at the cell level is needed to maximize pack performance. PowerPump™ Cell Balancing is a feature provided in the bq78PL114 and bq76PL102 PowerLAN™ devices that transfers charge between cells using a boost-type power converter topology. Results are faster and heat generation far less than traditional resistor bleed balancing. 
[bookmark: _Toc244883308][bookmark: _Toc259914744][bookmark: _Toc261755417]8.3	Application of Battery Fuel Gauge 
[bookmark: _Toc244883309][bookmark: _Toc259914745][bookmark: _Toc261755418]8.3.1 Cell Voltages Sense Connection

Measurement accuracy of individual cell voltages has a direct impact on BMU performance. Cell voltages are used to determine certain gas gauging parameters as well as determine fault and safety conditions. Monitoring these critical voltages requires a physical connection to each cell terminal that ensures highest measurement accuracy. Any voltage drop induced by the method and/or physical location of the connections to the cells is interpreted as a part of the total cell voltage.
Highest accuracy cell voltage sensing requires connections to the cell terminals that minimize the series voltage drop due to battery current. This is commonly referred to as a Kelvin Connection (see Figure 8.3.1.1). For optimum performance in almost all applications, the bq78PL114 BMU requires n+3 connections, where n is equal to the number of series connected cells in the pack. The physical location of the connection point in the pack usually has the most impact on cell voltage accuracy. See Figure 8.3.1.1.

Figure 8.3.1.1.Schematic of Battery Sense Connections and System Impedances

Consider the ideal case where CELLs 1–4 always have the same internal impedance and the impedances shown as R1– R8 also are equal and approach zero. (The impedances in the diagram are shown as lumped parameters. Physical battery packs have connections that typically have uniformly distributed impedances.) All the cell voltage measurements are of equal value at any battery current in this ideal case. Practical designs strive to mimic the ideal case but fall short by some degree. Impedances R0 and R9 usually have values that are higher than R1–R8 due to physical and possibly material cost constraints.
The impedances R1–R8 produce the undesirable effect of increasing the measured cell voltages during charge and lowering the measured cell voltages during discharge. Observe the following simple analysis (Fig 8.3.1.2.).

Figure 8.3.1.2.Effect of Impedance on V1 Voltage Measurement

The measured voltage at cell 1 is determined to be:

OR

The sign of battery current is positive during charge: Battery Current ( = +I).

This shows that the impedances R1 and R2 result in a positive cell voltage error. The sign of the battery current is negative during discharge: Battery Current ( = –I). So, using this in Equation 1 results in, 

OR

This shows that the impedances R1 and R2 contribute to a negative cell voltage error during battery discharge. In almost all cases, the middle cells are connected with a short length of metal strapping. For these, locate the cell sense point in the middle of the metal strap as shown in Fig 5.3.2. This splits the voltage drop due to the strap impedance equally between the two cell voltage measurements. Equalizing the cell voltage error between cells due to strap impedance ensures the best discharge and charge performance at the pack level. This can be done, for example, by making impedances R1 to R8 in Fig 5.3.1.1.all equal and as close to zero as possible.
The impedance of the Kelvin sense wire connection is not considered here because the current flowing in these connections is usually many orders of magnitude lower than the battery current and produces negligible errors. In addition, cell voltage measurement does not occur during the time when PowerPump™ balancing is active.
[bookmark: _Toc261755419]8.3.2 Cell Temperature Sensing

The bq78PL114 BMU permits individual sensing of cell temperatures using a low-cost dual diode and a filter capacitor. Dual diode MMBD4148SE by Fairchild Semiconductor and others is the diode that has been characterized for use with the bq78PL114. Avoid using other diodes because they may have a different performance curve over temperature.


Figure 8.3.2.1.Picture of MMBD4148SE


Table 8.3.2.2.Absolute Maximum Ratings
Pack temperature information is used for gas gauging and safety-monitoring functions. The number of temperature sensors can vary based on individual application requirements. At least one temperature sensor measurement point is required for the bq78PL114 BMU to function properly. Distributing sensors throughout the pack on a per-cell basis has the benefit of being able to detect extreme temperature fluctuations faster than using a single pack sensor. This can result in the detection and avoidance of a catastrophic cell failure event before it happens. 
Cell temperature sensors can be physically implemented in a few different ways. For instance, a flexible PCB array can be created to conveniently distribute the sensors throughout the pack without complicated wire harnesses. This flexible circuit array then can terminate back at the main BMU PCB. This is shown in Fig 8.3.2.3
Although temperature sensors are referenced to a cell voltage, VSS or V2, for instance, avoid creating a temperature sensor design that terminates the cathode of the sensor at the cell tab of its reference. This creates a large signal loop area that can conduct noise on the temperature sensor signal. The recommended method is to have both sensor signal lines travel closely in parallel from the bq78PL114 all the way to the measurement location (cells). The best way to do this is to include both the sensor source (XT1, 2, 3, or 4) and the return (VSS or V2) on the temperature sensor PCB.



Figure 8.3.2.3.Battery to BMU Power, Cell Voltage, and Temperature Connections









[bookmark: _Toc261755420]8.4	Battery Fuel Gauge MOSFETs


Figure 8.4.1.1 Pack Disconnect Switches
The discharge and charge control switches are discussed first. The precharge switch is discussed later. A description of how the bq78PL114 controls charge, discharge, and precharge current is shown in Table 8.4.1.2.  Logic levels are HIGH = VLDO1 and LOW = VSS. The table shows the logic used to control each state independently. All possible operating states are not shown. For example, a valid operating state occurs where discharge current is allowed to flow, and the charge switch is either HIGH or LOW.


Table 8.4.1.2 Pack Disconnect Control Summary

Important design criteria for the selection of the switches are series resistance, called  , power dissipation, and switching time, particularly turnoff time. The power loss in the switch circuit is entirely up to the discretion of the designer. An  rating of less than 10 mΩ is desirable.

The turnoff time of the discharge switch is of particular importance because it needs to stop fault conditions, like a short circuit, quickly before any damage to the BMU, external equipment, and/or the battery occurs. Because  is generally inversely proportional to gate capacitance and consequently turnoff time, additional steps were taken in the gate drive circuit to achieve a fast turnoff time. This refers
to the use of JFETs Q8 and Q11. This topology can achieve turnoff times in the 10s to 100s ofmicroseconds for MOSFETs having 1000s of picofarads of gate capacitance (Ciss). All of the resistor values can be adjusted away from the nominal values listed to achieve different levels of current consumption and switching performance. The precharge switch is used to provide a conditioning charge current to a depleted battery. This switch has much lower performance standards when it comes to turnoff time and  rating compared to the discharge and charge switches. The circuit centered around MOSFET Q16 is controlled by the bq78PL114 to be active up to approximately 3 VDC per cell. After this point, the full-charge current is applied through the charge switch. This performance is user configurable through a programmable parameter (precharge voltage).
A design consideration of the precharge switch circuit is that it be operational when the bq78PL114 is in shutdown mode so that it provides the conditioning charge current specified by the cell manufacturer (typically C/20 to C/10 A). The PRE pin is high Z in shutdown mode. Given the logic of the PRE pin, an N-channel MOSFET was used to achieve this function. It may be necessary, particularly in systems that are four series cells and higher, to add a Zener diode to clamp the voltage across the gate to source terminals of the precharge MOSFET. 
This can be seen in Fig 8.4.1.1 as the device labeled ZR3. A heavily depleted battery can be at 2 V/cell, whereas the charger voltage is at 4.2 V/cell. The gate-to-source voltage in a 12-series cell system can momentarily be as high as 
[(4.2 - 2) x 12] = 26.4 VDC. 
This is typically in excess of the VGS rating of many low-cost N-CH MOSFETs. The PRE pin is set high to enable precharge. Assuming that the bq78PL114 does not shut off precharge, the gate threshold voltage (Vgsth) of the N-channel MOSFET determines when the device can no longer provide precharge current. For instance, a typical  of 2 VDC means that precharge current is available from a battery voltage from zero up to within 2 V of the charger voltage. 
Resistor R18 sets the maximum precharge current. The maximum precharge current occurs when the battery is at zero volts and the charger voltage is applied. Note, it is generally not recommended to let the battery voltage go to zero voltage for any appreciable length of time.






[bookmark: _Toc244883316][bookmark: _Toc259914751][bookmark: _Toc261755421]CHAPTER 9: Experimental Results and Discussion 
[bookmark: _Toc244883317][bookmark: _Toc259914752][bookmark: _Toc261755422]9.1	Initial testing set up with bq78pl114 evaluation module board

The basic operation of the bq78pl114 evaluation board requires the use of USB interface adaptor USB to I2C. We have download the GUI software (bqWizards) from the Texas Instrument website for PC-based graphic-user interface which can be implemented to detect the evaluation module .With these pieces in place and installed necessary software, the PC interface can then quickly be used to monitor the operation of the board once power is applied.


Figure 9.1.1.Front view of bq78pl114 Base Circuit Module


Figure 9.1.2.Front view of bq78pl114 DIMM Circuit Module

Figure 9.1.3.Front view of bq78pl114 Temperature Sensor
 (
Temperature Sensor
)
 (
Base Module
) (
DIMM Module
)
Figure 9.1.4.Front view of bq78pl114 Evaluation Module

Insert the DIMM module into the base board, and press until it latches securely. The DIMM module must not be removed during operation of the EVM. The default configuration requires all temperature sensors to be connected.


Figure 9.1.5.Front view of 8 cell simulator


Figure 9.1.6.Front view of USB Interface Adapter

Have prepared following steps of before making connection between power supply, bq78pl114 evaluation module board and USB interface adapter.

Test resistor network circuitry to make sure there is no short circuit.
Apply power supply source which is around 27V to resistor network, as max voltage can apply is 30V.

Figure 9.1.7.Power Supply adjusted to approximately 27V

After PS voltage apply to resistor network, check every resistor voltage to make sure less than 5V for each.
Once cell per voltage is verified less than 5V, connect bq78pl114 evaluation board and resistor network board through connector cable and make sure all the pins such as pin 1(as ground on board) to pin 10 (as VCC on board) are connected correctly which assigned as resistor network too.


Figure 9.1.8.Evaluation Module connected with cell simulator onto a power supply

Once power supply voltage applies to bq78pl114 evaluation board, the SOCI LEDs flash.

Figure 9.1.9.Measurement of voltage on individual cell

Above all testing need to be done, without connecting USB interface Adapter to Evaluation board.
Without powering down the power supply and connect bq78pl114 evaluation board and connect USB interface Adapter to PC through I2C to USB cable.


Figure 9.1.10.Connection onto the SMbus Port

Make sure PC have already downloaded GUI software before doing test 7 procedures.
Once connected everything, USB interface Adapter should has a green light lighted up, also bq78pl114 evaluation board SOCI LEDs should light up.
Start the GUI software (bqWizards) from PC. Number of cells will be detected if all connections are working fine.


Figure 9.1.11.Comparsion of communicating and non-communicating with evaluation module
[bookmark: _Toc261755423][bookmark: _Toc244883318][bookmark: _Toc259914753]9.1	Testing the evaluation module with GUI software

Once Power-up the board and start the GUI, the PC will be communicating with the bq78pl114 evaluation module. The GUI should be able to detect the number of cells of the battery. If the GUI is unable to detect the battery cells, then maybe there’s a communication problem or hardware connections problem. Another suggestion is close GUI software and re-starts the GUI software again.


















[bookmark: _Toc244883319][bookmark: _Toc259914754][bookmark: _Toc261755424]9.2.1 Overview of Graphic User Interface Software 

Main View
The main view of the bqWizards (shown below) is sectioned in four views with a status bar on the bottom.


Figure 9.2.1.Dynamic View

Dynamic View
The dynamic view located in the upper left quadrant displays dynamic data (when polling) for the Pack as a whole as well as each Cell(s) in the system. See the following Pack and Cells sections for detailed information.

Pack
The Pack panel displays the most common properties of the pack in this section. This panel is collapsible by clicking the upper right corner button to make viewing other areas of the GUI easier to see on lower screen resolutions


Figure 9.2.2.Pack panel display

Cells
The Cells panel displays the most common properties of each cell in the list view and detailed information: dynamic, historical, and learned, as shown in the following illustration. The Learned tab is only shown with firmware 5000.
The panel can be expanded to see all cells at once by toggling the TABS button in the Plot view.

Figure 9.2.3 Cell pack display
Plot View
The Plot View located on the upper right quadrant displays graphical trend data. This highly configurable feature allows for plotting Pack and Cell data on multiple axes simultaneously with the ability to Save, Print, Zoom and much more.


Figure 9.2.4.Plot view
[bookmark: _Toc244883322][bookmark: _Toc259914757][bookmark: _Toc261755425] 9.3	Cell balancing Testing 
 (
Cell balancing in-active
)


Figure 9.3.1 Non - Active Cell balancing

 (
Cell balancing occurred
)

Figure 9.3.2 Active Cell balancing

Figure 9.2.5 shows that the PowerPump™ Cell Balancing is active. Cells 3 and 4 are actively balanced because their resting voltage is greater than Minimum Cell Differential For Balancing (default = 10 V).

[bookmark: _Toc261755426]9.4	Charge and Discharge Testing 

If Li-ion cells are being used, discharge the pack until one or more of the cells reach the under voltage limit and the discharge FET turns off. Then, charge the pack until the FETs turn on again and continue charging until a cell overvoltage condition is reached.

By testing with Evaluation board and GUI interface, The FET show the status of the Charge FET and Discharge FET on the board. They allow the FETs to be turned on and off by the user by controlling DC voltage power supply.





The overview of connections of the using a Li-ion Battery onto the evaluation board and the charger.  


Figure 9.4.1 Charge               Figure 9.4.2 Connections using the Charger
			
The overview of connections of the using a Li-ion Battery onto the evaluation board and the Load.


Figure 9.4.3 Load               	Figure 9.4.4 Connections using the Load







[bookmark: _Toc244883329][bookmark: _Toc259914762][bookmark: _Toc261755427]CHAPTER 10: Conclusion and Recommendation

[bookmark: _Toc244883330][bookmark: _Toc259914763][bookmark: _Toc261755428]10.1	Conclusion

This thesis has demonstrated that once the power supply voltage has applied more than limited voltage, the evaluation module will perform cell balancing function and State-of-Charge function with monitoring the status of individual battery cell through GUI software. It helps to ensure all of the battery cells can be balanced.

If one of the cells have under exceed limited voltage, cell balancing function perform as by-pass the voltage supply to that cells and continue supply voltage to others cells. It will prevent batteries cells from being over charge .This obviously increases the cycle life of the batteries.

Evaluation module has applied constant current to battery pack during charging. Power FETs will trigger on/off function according to limited assign voltage to evaluation module. Evaluation module can function well even under battery is severely depleted condition. Once batteries reach to final float voltage by then voltage will switch to constant, charging current will drop.

[bookmark: _Toc244883331]Lithium batteries have had commercial success in many applications and consumer products. Many applications and offers a lot of benefits in extending the life of batteries and diagnosing fault in battery pack. Although, this system is specifically designed for autonomous robots, it can be easily ported to other applications with different battery types and energy requirement

[bookmark: _Toc259914764][bookmark: _Toc261755429]10.2	Recommendations for further study

To improve the performance BMS system, we should evaluate with followings.

Suggest mounting ‘Isolation’ device on protection board to ensure load and PC do not have same ground. If load and PC (GUI) have same ground. The same ground will loop up and causing power FET by pass from circuitry. Then FET will not able to shut down when over/under charge situation encounter. 


[bookmark: _Toc261755430]CHAPTER 11: Critical Review and Reflections

To develop a battery management system design with using high technology IC is a challenging task and it is very new for me. Therefore, I have carried out literature research such as battery chemistry and their functions, usage of battery in existing market and basic knowledge of charging operation. With valuable guideline from my supervisor, no problem was encountered for searching materials. However, it was difficult to understand most of research papers at first. But after spending about two month on the literature research, I am more able to understand the contents of my project components and the in formations imply on the technical reference datasheets.

As a second phase, I prepared my project initial report which includes project objectives, investigation of project background, project management, proposed approaches and methods to be employed as well as skills review. As initial planning is important in order to complete the objectives, proposed approaches were systematically analyzed and selected. Project plan was also scheduled with details. 

For the project work, bq78pl114 evaluation board for battery design was first implemented. Functions of selected IC model, and electronic components approaches were studied. Studying of the State-of-Charge algorithms were difficult to understand as this is the first time I came across with this algorithms, I have learnt through internet and reference notes. BMS system has to explore more on State-of-Charge algorithms.

For the following part of the project work, use of function of cell balancing algorithms during cell balancing operation. I have faced very hard time almost 2 months to understand and modify existing algorithms because it is slightly suit with our bq78pl114 Evaluation board.

Many problems were encountered along the process. I have learned lots and our supervisor guides and advice was very helpful on through of this entire project. The first problem we encounter was the max voltage limiting setting in GUI software as the programming for GUI is not allow us to download and save the new voltage limit on the bq78pl114 Evaluation Board.

Problem 1: Our Max voltage is 3.65V per cells but GUI interface allow us to select start from only 3.95V as lowest for ‘over voltage’ setting which is too large and not match with our battery ‘over voltage’ limit. We have to re-program in GUI interface to make sure able to select max voltage as 3.65 in GUI screen. To conclude, we have searched through programming segment and modify on voltage limit through with software editing.

Problem 2: Fabrication of PCB board for bq78pl114 evaluation module as it’s too costly to fabricate only one PCB board. Eventually, Texas Instrument launched the bq78pl114 evaluation module for sale so I managed to purchase the evaluation module. We have dragged almost 1 month to test with the evaluation module.

From this project, we have learnt new skills like understanding and knowing how to read on drawing of PCB design using CAD software such as eagle software and OrCAD, learnt the drawing of Schematic using the software, basic understanding on operating GUI software, research, analytical, problem solving, project and time management and technical report writing were improved significantly. This project has provided us with tremendous chance in improving ourselves on technical and learning how to use critical thinking skills efficiently.





[bookmark: _Toc244883334]



[bookmark: _Toc259914766][bookmark: _Toc261755431]Appendix
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