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ABSTRACT 

 

 

Tenaga Nasional Berhad (TNB) generates, transmits, distributes and sells the energy to 

consumer throughout Malaysia. With the global environment pollution and energy crisis, a 

renewable energy is playing a more and more important role in energy production. Solar 

energy is as a type of renewable energy. It is widely applied in manufacturing and living 

activities and the battery is the most common of energy storage for the solar system. 

Commonly, the system is already provided such Uninterruptible Power Supply (UPS) which 

is used as a backup power supplies while the utility system is out of stage. The battery bank 

from UPS is charge from the utility power supply and this system will increase the electricity 

bill. Nowadays, alternative way for reduce electricity bill is by using Renewable Energy (RE) 

such as solar energy. RE can be store into battery as a backup or it is also can used directly to 

the appliances. When using a multi power source, which one of the power source to be used 

first for optimal savings. Therefore, one system are need to make RE is first priority resource 

for the house and TNB are used after the battery is running out. The Green Energy 

Management System (GreEMys) is developed to manage the power supplies for house while 

the house owner used RE and TNB as a power supply. GreEMys will select either one power 

supply depend on the State of Charge (SOC) of battery. Through this system, while battery 

stored energy from GE until full, this system will choose RE for supply electricity to house 

and used until battery is weak, then the system will change to TNB for feed electricity to the 

house while waiting for the battery recharged by GE again until full. Moreover, this 

GreEMys can display the mode of power source either RE or TNB and also display the 

percentage of SOC. Through this system, GreEMys product increase electricity conservation 

by using solar energy at house as a priority used and TNB are used while RE from battery is 

exhausted.  
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ABSTRAK  

 

Tenaga Nasional Berhad (TNB) menjana, menghantar , mengedar dan menjual tenaga kepada 

pengguna di seluruh Malaysia. Dengan pencemaran alam sekitar global dan krisis tenaga, 

tenaga yang boleh diperbaharui memainkan peranan yang semakin penting dalam 

pengeluaran tenaga. Tenaga solar adalah sebagai sejenis tenaga boleh diperbaharui. Ia 

digunakan secara meluas dalam aktiviti perkilangan dan hidup dan bateri adalah yang paling 

biasa penyimpanan tenaga untuk sistem solar. Biasanya, sistem sedia ada seperti tidak 

terganggu Bekalan Kuasa (UPS) yang digunakan sebagai bekalan kuasa sandaran sementara 

bekalan elektrik terputus. Bank bateri dari UPS akan dicaj daripada bekalan kuasa utiliti dan 

sistem ini akan meningkatkan bil elektrik. Pada masa kini, cara alternatif untuk 

mengurangkan bil elektrik adalah dengan menggunakan Tenaga Boleh Diperbaharui (RE) 

seperti tenaga solar. RE boleh menyimpan tenaga dalam bateri sebagai sandaran atau ia juga 

boleh digunakan terus kepada peralatan. Apabila menggunakan sumber kuasa yang berbagai, 

yang salah satu sumber kuasa yang akan digunakan yang perlu memberi keutamaan bagi 

penjimatan optimum. Oleh itu, satu sistem yang perlu membuat adalah menberikeutamaan 

kepada RE untuk rumah dan TNB digunakan selepas bateri kehabisan. Sistem Pengurusan 

Tenaga Hijau (GreEMys) dibangunkan untuk menguruskan bekalan kuasa untuk rumah 

apabila pemilik rumah menggunakan RE dan TNB sebagai bekalan kuasa . GreEMys akan 

memilih salah satu bekalan kuasa bergantung State of Charge (SOC) bateri. Melalui sistem 

ini , bateri menyimpan tenaga dari GE sehingga penuh , sistem ini akan memilih RE untuk 

bekalan elektrik ke rumah dan digunakan sehingga bateri lemah, maka sistem akan berubah 

kepada TNB untuk rumah sementara menunggu bateri dicaj semula oleh GE lagi sehingga 

penuh. Selain itu, GreEMys ini boleh memaparkan mode sumber kuasa sama ada RE atau 

TNB dan juga memaparkan peratusan SOC. Melalui sistem ini, GreEMys peningkatan 

produk pemuliharaan elektrik dengan memberi keutaman kepada tenaga solar untuk rumah 

dan TNB digunakan ketika kehabisan tenaga dari batteri. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Project Background  

There are many reasons why people are now using Renewable Energy (RE) due to 

inexhaustible and pollution free renewable energy sources. For instance, solar energy 

attributes high durability and need no fuel. It is able to operate for lengthened period 

without maintenance. Therefore, solar energy is the best RE until now. The development 

and the use of RE have drawn extensive attention of the society. Thus, RE will be an 

additional source for recover the electricity usage in the home to reduce the electricity bill. 

Solar energy has far been considered the most easily and viable option. These make it 

economical for all types of applications of remote area. 

 

1.2 Problem Statements 

Currently, TNB is the primary resources for utilities. Rising energy prices and 

growing environment concerns are making RE system more attractive to society. 

Nowadays, the system are provided is as a backup power system for houses and industry 

such as Uninterruptible Power Supply (UPS) system. UPS systems might be used to 

provide uninterrupted, reliable, and high quality power for these sensitive loads. UPS 

provides backup power circuitry to supply vital systems when a power outage occurs. 

There is much type of UPS such as standby UPS is known as off-line UPS. It consists of an 

AC/DC converter, a battery bank, a DC/AC inverter, and a static switch. A passive low 

pass filter may also be used at the output of the UPS or inverter to remove the switching 

frequency from the output voltage.  
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Moreover, Online UPS also contains of converter, battery, inverter and fast static 

switch. Power to load is catered through conveter-inveter connection. Hence, converter 

should have capability to charging battery and supply load. This type of UPS is connected 

in series to load. Thus, this system is not the way for reduce power usage inside building 

but it will increase the bill that to be paid. Therefore, this project is developed as a 

management the power supply for user to reduce the cost of energy consumption. Through 

this system, it will automatic manage the power supply as a green energy is primary 

resources and TNB power supply as standby source while the battery is running out for 

reduce power consumption and also to optimize the used of battery.  

 

1.3 Objectives 

The objectives of this project are: 

i. To develop an automatic management power supply from TNB or Renewable 

Energy (RE). 

ii. To control the system based on state-of- charge (SOC) of battery (limit to 30%).  

 

 

1.4 Scopes 

The scopes of the project are:  

i. This project only for single phase power supply. 

ii. Supply voltage is 240 Volt with current rating 30 Ampere. 

iii. This project measure the voltage and state of charge level on a battery that charge 

from the photovoltaic system.  

iv. This system utilizes the ARDUINO as a microcontroller as the switching system. 
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1.5 Report Outline 

This report contains of five (5) chapters start with the introduction chapter that 

consists of brief explanation of the research which is Green Energy Management System 

(GreEMys) and why it is proposed. The objectives, scope and the significant of the 

research also presented in this chapter. Other chapters in this report are arranged as follow: 

 

 CHAPTER 2 discuss about the literature review for this research. This chapter is 

including an explanation about the utility system, RE, SOC of battery and previous project. 

The various types of selector of power supply topologies and measurement of the SOC for 

battery also will be described in this chapter. 

 

 CHAPTER 3 discuss about the methodology for this project. All the methods used 

in accomplishing this research are explained and all the flowchart and milestone are 

presented in the earlier section of this chapter. The concept of GreEMys also will be 

discussed in details with the help of particular flow chart, figure, and block diagram. The 

diagram of circuit and implementation of hardware also will be presented. 

 

 CHAPTER 4 gathered all the results get from the testing of the circuit and coding 

are taken for analysis. The result gathered is discussed in details in this chapter. 

 

 CHAPTER 5 shows the conclusion and recommendation of this project. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Introduction  

This chapter will be discussed regarding on literature review conducted in order to 

gain enough information that can be used to complete the research. All the data are 

included in this chapter are taken from journals, thesis, books and any academic articles 

that are related to the research topic and will be clearly cited. The National Energy 

knowledge, solar system installation and calculation SOC of battery are discussed in 

subsequence so that it can be clearly understood. The related previous work such as 

Uninterruptible Power Supply (UPS) system also presented. 

 

2.2 National Energy 

Tenaga Nasional Bhd (TNB) is a largest supplier electricty in Malaysia. There are 

consist of three main core activities for manage the power supply namely generation, 

transmission and distribution. TNB also commite with the renewable energy and has been 

diversifying generation from mix source energy. The genertaion are mix from the fossil 

fuel, hydro and Renewable Rnergy (RE) such as solar energy and also being efforts 

producing electricity using biogas and biomass. Figure 2.1 shows the electricity network 

illustration tie into house from generation plant to the distribution and load [1]. 
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Figure 2.1: The electricity network illustration tie into house. 

 

2.3 Renewable Energy (RE) 

RE is a source comes from naturally such as biomass, biogas, solar, wind and mini-

hydro. Malaysia is well rich natural resources due to an extremely moderate climate around 

the years. Most of these energy resources are yet to be exploited. Thus, RE technology 

could be the alternative source for the energy production include water (hydroelectric and 

marine energy), solar (thermo and photovoltaic), wind (single turbine or wind field), 

Geothermic sources and biomass. Geographically, Malaysia is located at the equator and 

solar energy resources are abundant and readily available for this project [1]. 

 

2.3.1 Photovoltaic (PV) Power System 

PV power system consists of Photovoltaic panel, inverter and load as a receiver as 

shown in Figure 2.2. Photovoltaic panel are convert energy from sunlight into electricity in 

Direct Current (DC) power without any intermediate step.  Inverter is required to convert 

Direct Current (DC) into Alternating Current (AC) power for house appliances. The power 

is provided by the PV panel which is proportional to PV size. This system is not 

maintenance free to keep it running optimally but a minimum level of maintenance is 

needed. To ensure the system operate efficiently, maintenance is a solution to prevent 

problem in future [2]. 
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Figure 2.2: The basic home solar system. 

 

2.4 Energy Storage  

Energy can be store into battery by holding difference electro-chemical active 

materials. Therefore, battery can be generated and stored free electrons for a long periods 

of time. Existing of the chemical inside the battery allows battery to store energy 

chemically as bi-product of a chemical reaction. Since electrical charge has a polarity, a 

battery also contains positive terminal (+ve) and negative terminal (-ve). If it polarity is 

opposite of its own polarity, the charge at battery will try to travel towards the polarity [4]. 

 

2.4.1 Battery for Solar Energy 

Lead-Acid Battery is chosen to store energy from PV panel for this project. It calls 

Lead-Acid Battery because the electrode and grids are made from lead and the electrolyte 

is sulfuric acid. The plate polarity is determined by an active material from some 

formulation of lead oxides. It is because an active material is placed in physical contact 

with the grid. Basically, the most common purpose of battery is to start an engine. It is use 

to energize the starter motor that turns on internal combustion engine. Second, the battery 

used as stand-by-mode waiting to provide backup power for substation. Third is a deep-

cycle application such as the battery can deliver the majority of its capacity repeatedly, 

possibly on a daily basis. Typically use for Electric Vehicle (EV) application is like a 

combination of engine start and deep-cycle. Therefore, deep-cycle is suitable for this solar 

system while charge and discharge sequence are do rapidly [8]. 
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2.4.2 Battery Measuring Method  

The lead-acid battery is widely used in stand-alone solar power systems. For 

reliable operation for this GreEMys system, it is importance to know the amount of battery 

remaining in the battery at any point of time. The life of the battery will be reduced due to 

the deep cycle. Damaging effect is also happened to battery while the battery frequent 

overcharging. Thus, it is necessary to indicate the State of Charge (SOC) of battery to 

utilize the battery.  

 

 SOC of battery indicates the amount of available energy expressed as the 

percentage of the rated energy. The SOC of the battery is between 0% and 100%. The SOC 

for fully charged battery is 100% and for an empty battery is 0%. The variation in the 

battery voltage is very small [3]. Hence SOC can be expressed by the available capacity 

(AHr) as the percentage of the rated capacity (AHr). 

 

     
                                    

                
       (2-1) 

Figure 2.3: The illustration for the SOC of battery. 

 

Through this project, specific gravity method, open circuit voltage method and 

current integration method have been proposed to determine the SOC of battery. The 

battery voltage and current have to be monitor to ensure that battery never operated in an 

unsafe region. The accuracy calculation of SOC can be effect to the system because the 

SOC value is used to control GreEMys system. These methods are discussed below [3]. 
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A. Specific Gravity Method. 

For this method, give the concentration of acid in electrolyte. The concentration of 

active material and the active material is consumed when the battery discharged. Available 

capacity of the battery by using specific gravity method can be obtained in direct indication. 

The measurement of this method is involved by removing the electrode from the battery.  

The acid specific gravity and charge level is indicated in the Figure 2.4. According to the 

graph, it show that overcharged for specific gravity is above 1.3 per cell and very low 

capacity from 1.13 until 1.15 per cell while discharged for specific gravity is below than 

1.12 per cell. 

Figure 2.4: Acid Specific Gravity and charge level. 

 

B. Open Circuit Voltage  

 This method is concentration of acid near electrodes. The SOC of this method is 

linear function of the open circuit voltage. The length stabilization method time is same 

with specific gravity method.  Refer to Figure 2.5, 2.10 volts/cell is considered to be fully 

charge and completely discharge when voltage is 1.95 volts/cell. Thus, variation of open 

circuit voltage is linear to the SOC of battery [3]. SOC can be calculated by using the 

relation below (2-2) where, Voc is the open circuit voltage of the cell. 

    *
   

 
    +          (2-2) 
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Figure 2.5: Open circuit voltage versus remaining capacity and specific gravity method. 

 

C. Current Integration Method 

It is a process of summing the amount of capacity taken from current flowing or out 

of a battery. Integration method for this current over time is in order to determine the 

battery capacity [3]. The integration of current is referred as Coulomb counting can be 

mathematically represented as: 

 

         (  
 

 
 ∫      

 

  
  )     (2-3) 

Where, Q is the capacity of the battery and i(t) is the current flowing or out of a battery 

over time. 
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2.4.3 Efficiency of Battery   

Table 2.1 shows the limitation of SOC for charge and discharge battery. It is 

importance to care life span and efficiency of battery. For longest life, limitation for battery 

discharge should stay in the 40% of SOC and above. Sometime near to 30% or 20% of 

SOC are not harmful, but continuously discharge until these levels will be shortening 

battery life considerably. If the batteries discharge until 10%, it will harm the battery. The 

voltage measurements are only approximate but the best to determine the SOC is by using 

specific gravity method [5]. 

 

Table 2.1: The approximate of SOC and voltage per cell by using specific gravity method. 

SOC (%) Battery level (volt) Volts per Cell 

100 12.73 1.277 

90 12.62 1.258 

80 12.50 1.238 

70 12.37 1.217 

60 12.24 1.195 

50 12.10 1.172 

40 11.96 1.148 

30 11.81 1.124 

20 11.66 1.098 

10 11.51 1.073 
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2.5 Arduino 

Arduino is a microcontroller board that can be programmed to perform a desired 

computing function. For example, it can be programmed to process data received from the 

input ports before sending it to a connected output device. It is often used in an embedded 

system where it acts as a middle-man to receive process and transfer input data from a 

source to an output peripheral. Generally, the Arduino board consists of a processor, power 

supply, input/output ports, USB port and extension connectors. The microcontroller chip 

used on an Arduino board is an Atmel based Microcontroller. A voltage regulator is 

available on the Arduino board. The function of this voltage regulator is to convert external 

source voltage from the range of 7 V-12 V to a regulated 5 V DC voltage. This 5 V will be 

used as the power source of the Arduino circuit board. 

 

The number of I/O ports available in an Arduino board differs for each model. In 

the Arduino board, there is a crystal oscillator that generates a clock pulse for the process 

of the microprocessor. The speed of the microcontroller in executing an instruction is 

based on the frequency of the clock pulse. The USB port provides a means of 

communication between the Arduino board with the computer for programming purposes. 

Besides, the USB port offers another way of powering on the Arduino board as the 5V 

voltage required to power up the Arduino can be supplied to the Arduino board directly 

from the computer [18]. 
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2.6 Review of Preview Related Works  

This section is discussed about the previous related work. There are three (3) products are 

related to this project which is Four Start Backup 4400, The Toshiba eneGoon Backup 

Power Supply and Victron Energy Solar Switch. 

Figure 2.6: Four Start Backup 4400. 

 

This product is presented for an emergency battery backup for home. This compact 

product is produced by Four Start Solar. This 240 volt backup power unit incorporated an 

inverter that monitors the grid for disruptions. When the grid goes down or is disconnected, 

the inverter switches to battery backup in less than a second, keep your critical loads online 

until the grid comes back. The battery bank of the Four Star Backup can be charged with 

grid electricity, or by generator, or by solar panels. They can also be expanded by adding 

additional batteries [20]. 

s
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Figure 2.7: The Toshiba eneGoon Backup Power Supply. 

 

Toshiba’s eneGoon backup power supply is made with Super-Charger Ion Battery 

(SCib). This product was developed by Toshiba and has capacity of 6.6 kWh, which is a 

best-in-class power output of 3.0 kVA. The eneGoon is connected to a power distribution 

board. This system can be charged in about five hours in the normal mode and in about two 

hours in the rapid charging mode. The high combination with quick time makes it easy to 

take advantage of cheaper off-peak electricity rate to keep the unit fully charge. If power 

failure, electricity is supplied to selected loads and helps reduce power consumption during 

peak hours by using electricity that was stored at night during the daytime when demand is 

high [23]. 
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  (a)      (b)  

 

(c) 

Figure 2.8: (a) Victron Energy Solar Switch (b) Schematic system for setup (c) Schematic 

wiring for Victron Energy Solar Switch. 

 

This Victron Energy Solar Switch system is produced by Victron Energy BLUE 

POWER. This system were operated that combine with MultiPlus system or other system. 

Victron Energy Solar Switch will connect to input and output terminal such as main system, 

solar and MultiPlus. If the grid fails, MultiPlus will function to feed the load. Once the 

batteries are fully charged, the excess power from solar can be redirected to a water heater.  

Thus, in case insufficient solar power while the batteries in used, some or all loads can be 

shut down to prevent batteries from discharge completely [24]. 
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2.7 Summary of Review 

 

Figure 2.9: The topology of the switching control the solar PV system with tie utility 

system. 

From the literature review, it can be concluded by using topology base on Figure 

2.9 Power supplies are produced by TNB and RE were supply to the load demand. RE is 

generating by the solar energy. Solar energy shall convert to AC supply for general used as 

TNB supply. When the houses or other building are being fitted with grid connected solar 

installations, thus some system is needed to manage the power supply to feed the load 

demanding.  

To calculate SOC of the battery, combination of specific gravity method and open 

circuit voltage are used for compared with the integration method for determine the 

accurate measurement. The efficiency of the battery is between 30% for discharge and 100 % 

for charge. Thus, the limitation of this auto selector to switching for discharge from RE to 

TNB is start from 30% while switching for charge from TNB to RE is start from 100%.  
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Project Methodology 

 The methodology of this project is shown in Figure 3.1. This project is started with 

literature reviews that give idea and better understanding about the Solar Energy system. 

The process of literature review is search for journals, articles, internet and book and 

analyzed the relation to the system of this project. 

 

 Then, setup the solar system with battery. The solar panel is connected with the 

charging controller, battery and into the inverter. Thus, the connections are tested for the 

functional of the system. If does not, it will setup again.  

 

  After succeed setup solar power system, designing the selector controller by using 

the Arduino as microcontrollers will be proceeding. The coding must be suitable with the 

implementation that will be communicated with the hardware. Thus, the project precedes a 

new circuit to measure the desired SOC of the battery. The SOC is the reference to the 

switching for select the condition of the switching.  

 

The following task is to ensure that the combination between hardware and coding 

will fulfill all the specification and achieve the objective. In addition, the data or result 

must relevant with the system. After everything is completed, the testing is carried out to 

ensure that the system works perfectly. In conclusion, the analysis and troubleshooting for 

this project will carry out through the expected result. 
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Figure 3.1: The methodology of the project. 
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3.2 Project System Design 

 

 

 

Figure 3.2: Block diagram of the project. 

 

The Figure 3.2 shows the block diagram of the project. This system is developed as 

a management system for user to reduce the cost of electricity consumption. Through this 

system, the LCD is display the status of SOC for battery and the selector will choose 

battery as priority energy to reduce usage of electricity from TNB. If the battery is weak 

(about 30%), the system will automatically change to TNB power supply while for the 

battery to recharge by green energy. This process will continue and thereby reduces the 

cost of electricity.  
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3.3 Hardware Development 

In this project, there are three (3) types of software been in used which are Proteus, 

Arduino software and orCAD. These tools are used to develop software test design before 

implementation in actual life is build. This tool can reduce cost of building with no mistake 

while the components are used in not match with the design. 

 

3.3.1  Proteus software 

Protuse is a toll that can combine electronic component on it library. It simulation 

can be run in real word, while the connection are wrong, this toll will display the warning 

message. This tool ability to simulate popular microcontroller and it can reduce are 

development time compared with a tradisional design process. 

 

Figure 3.3: Proteus software.  

The Figure 3.4 shows the flow chart of the design circuit. Firstly, the planning for 

the design must be considered. Input and output of the component should be determined. 

Through this project, voltage divider and current sensor are considered as an input and 

internal relay as an output. This input and output component are interface with Arduino 

microcontroller. When the design is functional well, the Arduino coding in .hex file will be 

imported to the Arduino microcontroller. The screen and internal relay were shows the 

result of the combination from two software.  
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Figure 3.4: The flow chart of the design circuit. 
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Figure 3.5 show the simulation for test the circuit. The arduino microcontroller are import 

from the Proteus Library and the coding are tested with the circuit was build in this tool. 

There are 3 section of the circuit which is measurement part, display part and switching 

part.  

 

 

Figure 3.5: Proteus simulation testing. 
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Figure 3.6 show the step of Proteus to import the .hex file from the Arduino 

microcontroller. The .hex file is browse from the icon provided at the file program. When 

the found, and click ok. Then the simulation can run and the result will display on screen.  

 

Figure 3.6: Import .hex file. 

 

 

 

 

 

 

 

Edit Component

Component Reference:

Component Value:

Rl HR ( Dirpiln? Ai ilnr ii 1

Program File:

RSTDISBL (Disable reset)

WDTON (Enable watchdog)

BOOTRST (Select Reset Vector)

CKSEL Fuses:

Boot Loader Size:

SUT Fuses:

Clock Frequence:

NAME: AYS/.
CLKDIV8 (Divide clock by 8)

CKOUT (Clock output)

Advanced Properties:
|Disassemble Binary Code No

I Other Properties:V
I Funlurlp frnm RimuWinnr E>fclude from Simulation

[~ Exclude from PCB Layout
I""1 Edit all properties as text

Hidden:

Hidden: [
or

|ARDUIN0 UNO R3 Hidden Pins

Hide All Cancel
|.A..\AppData\Local\T emp\bui |_j| Hide All |
| nprogramme9 Hide All

|(1) Unprogrammed jrJ |Hide All

|(1) Unprogrammed jrJ |Hide All

|(0000) Ext. Clock |Hide All

|(00) 1024 words. Starts at 0x1 |Hide All

| (10) |Hide All

|16MHZ |Hide All

|ARDUIN0 UNO REV3 |Hide All

| (1) Unprogrammed

| (1) Unprogrammed |Hide All

r Attach hierarchy module

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



23 
 

 
 

3.3.2  Arduino 

Arduino is the software to write the coding of the program. This software is 

necessary to flash the coding that have compile into .hex file to Arduino. The popular and 

powerful Arduino are it can be stand-alone and the program language are special and easy 

to design with related on wiring that connected with Arduino board.  

 

 

Figure 3.7: The Arduino software.  

 

Figure 3.8 shows the flow chart before made coding in Arduino. They are two 

conditions to follow for manage the power supply. The conditions depend on the SOC 

from the battery condition. When the battery used until SOC drop to 30%, this system will 

be changed the hybrid power supply into the TNB power supply. While the battery charge 

by using Renewable Energy (RE) until the SOC increases until 100%, this system is 

changed back to the hybrid system to optimize the used of battery. This system is looping 

all the time when these systems are used. 
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Figure 3.8: The flow chart of the management power system. 
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3.3.3  OrCAD Capture 

This layout design by using OrCAD Capture, it is the one of the most widely used 

schematic design solutions for the creation and documentation of electrical circuits. 

Coupled with the optional OrCAD CIS (component information system) product for 

component data management, along with highly integrated flows supporting the 

engineering process, OrCAD Capture is one of the most powerful design environments for 

taking today’s product creation from concept to production.  

 

 

Figure 3.9: OrCAD software. 

 

This tool is used for design Printed Circuit Board (PCB). The holes for screw, pads 

and wire for the circuit are creating to PCB design. Before start, the areas of components 

are measured. This component will be rearranged and attach above of the PCB. The circuit 

was design from Proteus and PCB design process by using OrCAD layout.  
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Figure 3.10: Flow Chat of PCB design 
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 Figure 3.11 show the connection of input and output terminal. The combination of 

the circuit is to make the PCB board. These connections are integrated with LCD screen 

pin, sensor pin, relay pin and led pin.  

 

Figure 3.11: Schematic capture through the electronic design. 

 

 Figure 3.12 show the designed PCB layout from OrCad tool after arrangement of 

the line connection. The layout is used to print and trace on board then dried in to the sun 

or light. While the board is already tracing, then the board are aching by using chemical 

liquid. 

 

Figure 3.12: Complete design PCB layout. 
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3.4  Measurement Circuit 

 The measurement circuit is used to calculate the voltage remaining at the battery 

and to calculate the current flowing and out from the battery. Thus, the microcontroller 

Arduino will calculate the parameter by using voltage divider for detect voltage level 

voltage and current sensor to detect current. 

3.4.1  Voltage divider  

 

Figure 3.13: Voltage divider. 

 

 While using voltage divider, two resistors is used to supply voltage difference from 

power supply or battery. The output voltage depends on the value of resistor. The theory 

can be considered, if large value of R2 compared to R1, it will gives a large value of output 

voltage. It is commonly used to create a reference voltage or to get a low voltage signal 

proportional to the voltage to be measured.  
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3.4.2  Current Sensor 

 

Figure 3.14: The current sensor BB- ACS 756. 

 There is wide range of electronic system that used current sensing. It is a device 

that detects and converts current to an output voltage with range 0V until 5V, which is 

proportional to the current through the measured part. This current sensor is based on IC 

ACS756. The IC has linear voltage output equivalent to current with sensitivity of 40mV/A. 

Thus, every rise current of 1A will increase 40mV to VIOUT pin. [22] By taking the ratio 

and sensitivity of the sensor, it can be write as 
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3.5  Hardware Implementation  

Figure 3.15: The illustration of interface the GreEMys with power supplies. 

Figure 3.15 shows the circuit interface circuit of the system with the power supplies. 

Inside the GreEMys consists of the Arduino microcontroller, internal relay, contactor and 

LCD screen. This system is used to manage which GE is a priority resources and TNB will 

operate will GE energy are reduce until minimum limit and wait until battery fully charge 

by green energy. GreEMys system is installed after KWh meter and before distribution 

board (DB). 

3.6  Milestone  

Below is the milestone stone set for this research. 

Milestone 1 – Research on solar system and selector switching method  

Milestone 2 – Study on the Arduino coding 

Milestone 3 – Setup the apparatus for testing from solar panel, inverter, battery and charge 

controller. 

Milestone 4 – Built coding and circuit for measure voltage and current from lead acid 

battery. 

Milestone 5 – Validate the data obtain from hardware. 

Milestone 6 – Report writing  
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CHAPTER 4 

 

RESULTS 

 

4.1  Introduction  

 

 The purpose of this chapter is to presenting the result of the GreEMys system. The 

performance of this system will be test and discuss the ability of the system. Additionally, 

the full integration of the whole project discussed. 

4.2  GreEMys System  

  

 Figure 4.1 shows the display properties on the screen of the GreEmys system. The 

screen are display the status of the mode of power supply, battery voltage and the 

percentage of the remaining State of Charge (SOC) from battery. 

 

Figure 4.1: Display properties on screen. 
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 Figure 4.2  show the screen is display the mode of power supply. When the 

GreEmys system chosed TNB power supply then the screen is display MODE : TNB and 

whwn the GreEMys system choosed Renewable Energy (RE) power supply then the screen 

is display MODE: GE. 

 

Figure 4.2: Display properties of mode power supply. 

 

 Figure 4.3 show the display properties of voltage from battery. The screen is 

desplay the voltage remaining on the battery. Reading voltage of battery is increase while 

on charge and decreases while the battery is discharge. 

 

Figure 4.3: Display properties of voltage from battery.  
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 Figure 4.4 show the display properties of SOC from battery. The value of SOC is 

display in percentage (%).  The value of SOC is depending on the capacity remaining on 

the battery. 

 

Figure 4.4: Display properties of SOC from battery. 

 

4.3 Project Outcome  

 

 The project outcome of this project are described the component and connection 

inside the GreEmys system. The integrated with the electric component with the electronic 

component are descripted.  

  

Figure 4.5 shows the connection and combination of component with the Arduino 

microcontroller. The circuit on PCB will be fixed and the circuit design is not mesh. On the 

PCB board consist of measurement circuit and internal relay on the second stage. PCB can 

be designed into two (2) stages or more depend on the creativity from the designer. The 

sensor are connected with the white connector, it is already build.  
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Figure 4.5: The PCB and Arduino microcontroller. 

 

 Figure 4.6 show the combination of the electrical and electronic component inside 

the box. Through this box, it is consist of the contactor, microcontroller Arduino, 

measurement circuit and battery for power up Arduino.  

 

 

Figure 4.6: The electric and electronic component inside the box. 
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 Figure 4.7 show the location of the contactors. These contactors are separated with 

difference sources. One contactor is incoming from TNB power supply and another one is 

incoming from inverter. This incoming power supply must be separated for safety purpose.   

Figure 4.7: The contactors are inside the box. 

 Figure 4.8 shows position for the Arduino controller. At the top of Arduino is 

internal relay. Arduino is cannot directly contact with the AC voltage (230Vac), Arduino 

are only can receive a DC voltage with is in range 0 VDC unlit 5 VDC. Internal relay are 

used to select the power supply either incoming from TNB or incoming from inverter.  

Figure 4.8: The PCB board with the arduino inside the box. 
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4.4  Accuracy of Measurement 

 

 The measurement is taken while the system is online. The reading for actual current 

is taken by series with the current sensor while the reading for calculate current is by using 

Arduino microcontroller. Figure 4.9 shows the method of the measurement are taken to 

compare the actual reading with the calculation reading. 

 

Figure 4.9: The situation while the reading taken. 
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 According to Figure 4.10, the different of the two reading are 0.05A. It is show that 

the system has error if current reading almost 6%. Thus, according to Figure 4.10, there are 

reading current from the photovoltaic panel. It is show that the current passing through 

from the panel to battery is accurate compared to current passing through the load. This 

error may occur while using the inverter for convert dc supply to ac supply. For actual 

voltage, Multimeter are tapped in parallel to the terminal battery while the reading for 

calculate voltage are also by using Arduino microcontroller. Refer to figure 4.10 the actual 

voltage and the calculate voltage are same, thus no error are exist for voltage. Thus, in this 

project is only use voltage to calculate the SOC of the battery. 

 

 

 

 

Figure 4.10: The actual reading between calculation for current and voltage. 
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4.5  The Performances of GreEMys  

 

By using formula (2-2) open circuit voltage to calculate the SOC for compare with 

the actual SOC by using the digital battery analyzer. The microcontroller was calculating 

the SOC of battery and select the power supply depend on the level of SOC. The table 

below shows the performance of the GreEMys system.   

 

Table 4.1: The status mode of power supply depends on SOC condition while battery is 

discharge. 

 

No. Voltage 

Calculate 

(Volt) 

Voltage  

actual  

(Volt) 

Voltage  

percell 

(volt/cell) 

SOC 

calculate 

(%) 

SOC actual 

(%) 

Status mode  

(TNB/GE) 

1 12.74 12.74 2.1167 111.13 100 GE 

2 12.68 12.68 2.1000 100.00 98 GE 

3 12.55 12.55 2.0833 88.87 85 GE 

4 12.43 12.43 2.0667 77.80 74 GE 

5 12.37 12.37 2.0500 66.67 65 GE 

6 12.28 12.28 2.0333 55.53 57 GE 

7 12.14 12.14 2.0167 44.47 46 GE 

8 12.06 12.06 2.0000 33.33 34 GE 

9 11.93 11.93 1.9833 22.20 20 TNB 

10 11.96 11.96 1.9667 22.30 22  TNB 

 

 

 Table 4.1 shows the performance of the GreEMys system while the battery is on 

discharged. The result table show Mode: GE, the battery is discharge until near to 30% of 

SOC and the battery will charge by Photovoltaic (PV) panel and the mode of system is 

change to Mode: TNB to keep the load are running. 
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 Figure 4.11 show the percentage (%) error of SOC between the actual SOC and 

calculation SOC when the SOC in discharge. The percentage error is less than 5% accept 

the battery is in full charge is exceed 10%.  

 

 

 

 

Figure 4.11: The percentage error of SOC when Discharge. 
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Table 4.2: The status mode of power supply depends on SOC condition while battery is 

charge. 

 

No. Voltage 

Calculate 

(Volt) 

Voltage 

actual 

(Volt) 

Voltage 

percell 

(volt/cell) 

SOC 

calculate 

(%) 

SOC actual 

(%) 

Status 

selector  

(TNB/GE) 

1 11.87 11.87 1.9667 11.13 14 TNB 

2 11.95 11.95 1.9833 22.2 21 TNB 

3 12.07 12.07 2.0000 33.33 35 TNB 

4 12.16 12.16 2.0167 44.47 46 TNB 

5 12.24 12.24 2.0333 55.53 57 TNB 

6 12.35 12.35 2.0500 66.67 63 TNB 

7 12.47 12.47 2.0667 77.80 78 TNB 

8 12.56 12.56 2.0833 88.87 87 TNB 

9 12.62 12.62 2.1000 96.00 94 TNB 

10 12.75 12.75 2.1167 111.13 100 GE 

 

 

 Table 4.2 shows the performance of the GreEMys system while the battery is on 

charged by the PV panel. The battery is charge by the PV panel until 100% and the system 

are changed the mode power supply to Mode: GE. Then, the system is rapidly discharge 

and charge the battery depends on the SOC of battery.  
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 Figure 4.12 show the percentage (%) error of SOC between the actual SOC and 

calculation SOC when the SOC in charge. The percentage error is less than 5% when the 

system is charge mode. 

 

 

Figure 4.12: The percentage error of SOC when Charge. 

 

 The calculation of the SOC with the actual SOC reading is not accurate but the 

power supply mode is following the target.  This system used the GE system as a priority 

power supply when the battery is fully charge by GE and changes to TNB mode while the 

battery level is decrease to maximum limit and wait until battery fully charge by GE.  

 

 Figure 4.13 show the reading of the SOC calculation and voltage calculation are 

taken from the Arduino. Figure 4.14 show the reading of the SOC actual and voltage actual 

are taken from the digital battery analyzer. The readings are taken simultaneously for 

compare the actual reading with calculate reading. 

0

20

40

60

80

100

120

11.95 12.07 12.16 12.24 12.35 12.47 12.56 12.62 12.75

SOC calculate (%)

SOC actual (%)

5.0 % 

2.57 % 
3.33 % 

4.77 % 

2.1 % 
2.56 % 

5.5 % 

1.6 % 
1.0 % 

Charge of SOC (%) 

S
ta

te
 o

f 
C

h
ar

g
e 

, 
S

O
C

 (
%

) 

Voltage (Volt) 

A-

ITOH
i' lSi-V-fcJ

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



42 
 

 
 

Figure 4.13: Data collected on the Arduino in serial print. 

 

Figure 4.14: The digital battery analyzer.   

 

 

test_matahari2 | Arduino 1.0.5
File Edit Sketch Tools Help

00HDD
- 0COM24 a ,

i test matahari2

void measuredVITP ()
{

for (int x = 0; x < 50; x++)
{ // run through loop lOx

// read the analog in value:
readingl = analogRead(ampsInPin); // current sensor
sampleAmpVal = sampleAmpVal + readingl; // add sampl

delay (50); // let ADC settle before next sample
}

//calculate current
double avgSAV = sampleAmpVal / 100;

//current = ((readingl*(5.0/1023.0))-2.5) *25; //0.04

double amp = ((readingl*(5.0/1023.0))-2.5) *25; //0.0
double correctionFactorl = volts * 0.00387;
current = amp - correctionFactorl;

// calculate voltage

int readingV = analogRead(voltsInPin); // voltage dr
volts= readingV * 0.014648437;
double correctionFactor = volts * 0.06299;
voltage = volts - correctionFactor;

4

Done uploading.

Binary sketch size: 7,356 bytes (of a 32,256 byte maximum)

_l Send

Table of reading State of Charge Battery Lead Acid

Voltage (V) Current (A) SOC (%) Power (W) Time (s) Status Relay (ON (0)/OFF (1)

cz:

12.12
12.39
12.39
12.31
12.30
12.30
12.30
12.30
12.28
12.30
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12.30
12.28
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12.30
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0.62
0.74
0.74
0.62
0.74
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0.50
0.87
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0.62
0.74
0.74
0.62
0.62
0.74
0.74
0.74
0.62
0.74
0.50

0.00
70.69
79.83
79.83
77.09
76.63
76.63
76.63
76.63
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76.63
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76.63
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76.17
75.72
76.63
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-0.74
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2
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 Figure 4.15 show the implementation of the GreEMys system to the load. The load 

consist of the socket outlet (SSO) and lamp. The inverter is used to convert DC voltage to 

AC voltage from the battery, while the TNB power supply is directly used to the load when 

Mode: TNB are on running. 

Figure 4.15: The implementation of the project. 
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 Figure 4.16 show the PV panel is used in this system. PV panel is used to charged 

battery by using sun light. The GreEMys system is used to control the charge and 

discharge the battery depend on the SOC of battery. 

 

Figure 4.16: The implementation of the project. 

 

 

 

 

 

 

 

 

5

m
3

k

j

_

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



45 
 

 
 

 

CHAPTER 5 

 

CONCLUSION AND RECOMMENDATION  

 

5.1  Conclusion 

This project had presented the design of a GreEMys system that can be used in all 

green energy user especially solar energy for measured the status SOC of battery. The 

main objective of the project has been achieved successfully. This system able to managed 

the power supply automatically. The selection of the source power were operate depend on 

the status SOC of the battery. This system is able to display mode of power supply, voltage, 

and SOC as required in the scope of this project. The last objective is the performance of 

the system is ability to perform well in real application with follow the minimum safety 

purpose and reliability. As a conclusion, all the objectives of this project are successfully 

achieved and the user interface can be expected to be implemented in green energy power 

supply to monitor the status battery. 

 

5.2 Achievement 

 This project has participated in two competitions. This title has been participating 

in International Engineering Exhibition Invention & Innovation (i-ENVEX) on April 13
th

, 

2014 and has won a gold award. Second is participating at The International Participation 

and Design Innovation Expo in conjunction with International Innovation Festival 2014 on 

18
th 

May 2014 and also received a gold award. 
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5.3  Recommendation 

Inverter is used to convert dc supply to ac supply. Thus, the inverter must be 

choosing in right way. When the solar system used 1000W of inverter, the load of demand 

more than limit of inverter it can support the load. For example, inverter 1000W cannot 

support cattle with load 1500W. Through this case, the calculation of load demand should 

be considered to select the best inverter. According to this system, it is use open circuit 

voltage method to find the SOC. Thus, I would like to recommend to use combination of 

open circuit voltage and integration method for determine the SOC. It is because 

implementation of the current integration only for long time will lead to error. The sources 

of errors in this integration method are the efficiency of the charging process is not 100% 

and the capacity is depend on the rate of discharge. This new method is use if the battery is 

not used for more than 30 minutes the SOC is updated using open circuit voltage method.  
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APPENDIX A 

Gantt chat of the project.  

 

Milestone 

Year PSM1 PSM 2 

Task 9 10 11 12 1 2 3 4 5 

1 
Research on solar system and selector 

switching method 
         

2 Study on the Arduino coding          

3 

Setup the apparatus for testing from solar 

panel, inverter, battery and charge 

controller. 

         

4 
Built coding and circuit for measure 

voltage and current from lead acid battery. 
         

5 Validate the data obtain from hardware          

6 Report writing          
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APPENDIX B 

Datasheet of battery 12V 7.2Ah 

Powered by
BATTERY rtf )

03
Specification

GP 1272 12V 7.2 Ah
GP 1272 isa general purpose battery up to 5 years n standby
service or more than 260 cycles at 100% discharge m cycle
service As with all CSB batteries, al are rechargeable , highly
effoent, leak proof and maintenance free

Cells Per Urit 6
Voltage Per Unit
Capacity
Weight
Maximum Discharge Current
Internal Resistance

12
7.2Ah fl) 2Chr-rate to 1.75V pare fl)25r(77T)
Appro* . 2.4 kg (5.29 lbs)
1«W1 30A (5SK>
Approx . 23 mf]

-c-.t

Operating Temperature Range

Nominal Operating Temperature Range
Float Charging Voltage
Recommended Maximum Charging
Current Limit
Equalization and Cycle Satvlce
Self Discharge

Te mn Inal
Container Material

Discharge -151C ' 50<C( 5T~122T)
Charge: -15 t>40TC ( ST-1Q4 F}
Storage:-15T_ 4Q'C <5'F-104T)
asictat nriS'F)
13 5 to 138 VDC.' unit Average al 25(_ (77T)
? ISA

14 4 to 150 VDC/unrt Average at 25t(77 F)
CSB Batteries can be sored tor more than 6 months at
25'C{77 F). Piease charge batteries before using. For
higher torrparafcjre3 the fcrre intervalwill be shorter.

Tira-FastonTabl «7/2»
ABSlU L 94-11 BT E502SJ:1 FTrnmfc v m i*1a nte Of
!UL 94-VaFHo E 5B837t an M avaiWti* LCO". -viujs'ji

Dimensions
Unit: mm (inch)

Overall Height (H)
10041 (3.fM*Q.04)

Cbrtsiner height (h )
94±1 (B.7±0.04)

Length (L)
1S1±2 ( S.04±S.Jfl:

Mb ' 4533( N )

CERT
IS09001

hn ;(UIDnSl1t

mum
isc :oi

fvrj-. ' jN
CSB-manufaclured
VRLA tattere& ane UL -
racognized componv mis
unsJBrUL924 and UL1959.

CSB IS alto certified by
190 9001 are) 190 14001.

Width [W)
S5t1 (2.tt40.04)

E

SS?-Xt-1KT'ffiS' *" Pb EBSSSSSSBUs=.sat
b-. lb -.-
03HP 12Td

12V 7 Aflesa SATTEnv cc..LTD.

iH

r,.rj. T4- 141ir- 1 r.b

X

I
ia

*# -S*
0 0 09

+

q -t ju.ra;

Constant Current Discharge Characteristics UnitA (2S C ,77 F)

F.V/Time 5MIN 10MIN 15MIN 30MIN 1HR 2HR 3HR 4HR 5HR 8HR 10HR 20HR
1.60V 35.6 22.0 16.5 < 1 5.51 3.06 2.14 1.65 1.35 0.925 0776 0,456
1.67V 33.1 21.0 15.9 9.36 5.42 3.03 2.09 1.60 1.32 0.906 0.762 0.447
1.70V 31.9 20.5 15.6 9.24 5.37 3.00 2.06 1.58 1.30 0.397 0.756 0.438
1.75V 29.6 19.6 15.1 9.03 5.30 296 2.02 1.54 1 28 0.883 0.742 0.428
1.80V 27.2 18.6 14.4 8.77 5.23 2.92 1.99 1.50 125 0.871 0.732 0.421
1.85V 24.5 17.4 13.7 645 5.14 2.67 1.96 1.48 1.23 0.661 0.720 0.409

Constant Power Discharge Characteristics Unlt:W (25 C ,77*F)

F.V/Time 5MIN 10MIN 15MIN 30MIN 1HR 2HR 3HR 4HR 5HR 8HR 10HR 20HR
1.60V 360 245 183 108 64.4 37.7 26.6 20.8 17.3 11.8 9.80 5.37
1.67V 340 235 177 106 63.6 17.1 26.3 20.5 17.0 11.6 9.69 5.27
1.70V 331 231 174 105 33.1 : J 26.2 20.4 16.9 11.5 9.54 5.23
1.75V 313 222 170 103 624 36.4 25.9 20.2 16.7 11.4 9.48 5.15
1.80V 295 213 165 101 61.7 35.9 25.6 19.9 16.5 11.3 9.40 5.07
1.85V 276 202 156 99.0 60.6 354 252 19.6 16.3 11.2 9.29 4.99

RA:1006



52 
 

 
 

 

 

 

GP1272 12V 7.2Ah
Arnw003

Trickle (or Float) Service Life Capacity Retention Characteristic
10

i!
I '

05

©Owing tfags

H 23 W 40 99
Temperature (X)

ice

e

s m

0

s\
w'r

40"-
I v <WT, IJV

l"T

•IITf

rtaerge MtnLM f 10(7% capesty
la r iMI

bata-iJH
TXi lupmarCTy c*arpe«4hep la

"«*» eeca*»=vand*»»«ldb

iiWianliyI*WITW/ Val

'»mnarl*«:a|MV
T>» tartar;vaoaM r»e»#i:a *0

2 10 12 14 I* 14 2»
Stonge Pnncc 'Month)

Battery Voltage and Charyc Time for Standby Use

140

120

«0

1»

r
O 20

• • •
T
: :C 17 4' - •/ . Vbmoa

:- < C 14 '
£ 2- >' OH 2 CC

© r1 * • •-400* t - ,
501 ;a.3SC I-:HI

| •- •

Oarer
LJ a' 71I VoMQO • v

- c C02
\ • •'.A

HJQ 25 * T F)v <3v

c

'V/V
4 c 12 16 X 24

Chary* TilH» {Hj

Cycle Service Life

Dm Dedwrj:
Do;h iocs Omlisos

D*cM~ •
Da;/t.* S

Inptnrtj t
2St |77 *.

200 *00 6C0 MO 1300
NumtMK of Cydcis (Tim#*)

• 200

Battery Voltage and Charge Time for Cycle Use

» eje ' •
!| .

- <C. 94 -i.2 2

ac K::i::- a*e* ? -S
r 601 (0«c ICH;

£c - s • 1

i- ® 14C
m

O C CC
ICA

?s (77?)

" c a 12 « X 24
Charge Time (H)

Terminal Voltage (V) and Discharge Time

rscrrr
M'cae'F

)K

uc

:

12 3 6 10 20 90 60 2 9 6 10 20 90
|< Mr M« Ht M

Discharge lima (Wn)

Charging Procedures Discharge Current VS. Discharge Voltage

Cta*jt Vcltas«VCciri
'enrioraMe SetPoiit flfcwabi F6ng«

CydeUK
3an±y

»t(?rF)
25t(77*F}

2 «
2215

Mai Charge Current

2D-2 J0
225-2» OX

fillDeluge.vnageU'Cai 175 170 •80 3C

010«pjs

CinaitAl
C 2C;Ai C 2C<iArC 5C C5C<|A|<10C IAP' CC

URl V.WA'CS38ATTERVCOMSales Office
GLOBAL HO
CSB BATTERY CO,LTD. (TAIWAN)
Tel «886-2- 2556-MOO
Fax «886-2-2555-8300
mail aer*Gegcst>t>a«erycom.tw
BEUING OFFICE. (CHINA)
CSB BATTERY TECHNOLOGIES (BBUNG|00. LTD
Tal : «86-10-59621300- 1301/1302/1303
Fax «86-1089621304
mail ctunaNagcad-daoeryoom

AMERICA HQ
CSB BATTERY TECHNOLOGIES INC.(U.SA)
TeT «1-817 244- 7777/H8OO0-CSB-US*272B72)
FlR • 1 817-244-4445
mail csb@cs6bafl«ry aom
SHANGHAI OFFICE (CHINA)
CSB BATTERY LOGISTIC ( SHANGHAI) CO.LTD
Ter «86-21-5046-1622/5046-0833
Fax «86-21-5064-3314
mal cfinaalsgcsb6aflery oom

EUROPE HO
CSB Battery Eirope BV.
TeT «31(0)-180418-140
Fax «31(0)-180418-327
mail : euras4esQcst>ba«eryeti

SHENZHEN OFFICER CHINA )
CSB BATTERY LOdSTiC ( SHANGHAI ) CO.LTD
Ter 86-755-8831-6488*396/6356
Fax «86-755-8631-6548
mail : ahegcad-datery.oom.cn



53 
 

 
 

APPENDIX C 

Datasheet of battery 12V 100Ah 

 

 

 

r 'ZL' ®03

GP ?2?000 12V lOO.OAh

Specification

GP 121000 Is a general purpose battery with 3-5
years In standby service or more than 260 cycles
at 100% discharge in cycle service As with all
CSB batteries, all are rechargeable, highly efficient,

teak proof and maintenance free.

03 §

OII» Per Unit
Voltage Pet Unit
Capacity
Weight
Maximum Pi sch arge Curr ent
Internal Resistance
Operating Temperature Range
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Constant Current Discharge Characteristics UnifcA (25TC.77Y)

F.V/TIme 5MIN 10MIN 15MIN 30MIN 1HR 2HR 3HR 4HR 5HR 8HK 10HR 20HR
1 60V ** Ml m 1» 21 4 420 29* » 4 19.1 126 101 117
1.67V *4 241 m 11* 71 4 41 7 297 2) 1 192 125 102 122
1.70V HI 21* 1*6 11* 71 1 41 6 297 211 192 121 102 1 16
1.75V m 22* 1*0 IB 709 41 1 296 212 191 124 too 1ffi
1 BOV as 212 m 1» 701 41 1 296 212 190 121 9*1 4 *7
1.06V 206 167 111 701 415 296 231 1*9 121 966 473

Constant Power Discharge Characteristics Unit:W (25°C,77°F)
F. V/TIme 5MIN 10MIN 15MIN 30MIN 1HR 2HR 3HR 4HR 5HR 8HR 10HR 20HR

1.60V 4660 301) 2)20 14 «) *57 1i>4 317 2)0 231 111 124 644
1.67V 4161 2911 2217 1416 *56 101 116 279 210 19) 121 627
1.70V 4260 2*60 2230 1410 *56 499 356 279 230 150 122 619
1.75V 3950 2730 2155 1385 851 49*) 356 279 229 14) 120 602
1.80V 3660 2ND 20*0 1360 *46 4')* 356 2?» 22* 147 119 584
1.86V 3370 2470 2005 1335 841 49* 356 27* 227 146 116 567

• Ail manttunad value* • avalm\jm vail
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APPENDIX D 

Datasheet for Current Sensor 

 

 

ACS756 Fully integrated,Had Effect-Rased Linear Current Sensor IC
withS AVRMS VoMage lstation and a Low-Resistance Current Conductor

50 PERFORMANCE CHARACTERlS1ICS over Rangp 10: T,::t,= -40?C fa 125 X V, = 5 V unRSS atheirA- sa spac.J ad
Cha fadeifa1kj Symbol Teal ComditSoma Mill . TVP Mas. Unite

Pr mao* Samp ed Curran? ir -SO SC A

-Sans tv ty
Sans Ha- sea e of Ip appled far 5 ms TA 25X 40 mWA

Sen«iop Ha sea e tf Ip app led far 5 ms 37! - 42 3 m A
Hose= VNOSE T*= 35t. lCnF tr,VlOUTcnloGUD - 10 - mV

Ncn nearly UNCHT) U(] 1aAjl*al« d lp Ipapp <xl a- 5 rtij T,-p - 25tli125t = 1 1 %

1 Ml Up fa SJI sea e of lp l app ad'or 5 ms T = -4OX = 1 a 1 a %

VOUTM V- CA T*«apc *S mV
Eecar ca Ofeel Vo'.age2 V<IirtW iHT l ,- QAT(p ' 25 C fcl 12S C -30 30 mV

VQBTOFPT - CATop - -tt'CtJSS'C -ec 60 mV

TotalOufcHrf Error* EroitHiri Owrijiseafie <rfi|P apFBdfarSms TCp = 25X ic 125* -7J8 - 75 %
E OTUI CnmrA, ra e d lP i K Z ad trims = -iCt -75 - 75 %

'Devoe maybe opertfed a:NgUer primary eurerri we a b and amt en- bmpertfures >*? provided tiac TieI#® mum Juncson lemperacure
T./m® i ign<HtwowdKL

cmcNM volaae
' OQTOPIdr2 s rtferred=c dea Vce = 2 5 V alC A
Peroentaae cf Ip will lP = 25 A Oupuiwred

JC050 PERFORMANCE CHARACTERISTICS over Rarii£jG S1: Top * -2OX v:35Xs Vcc - 5 V unasaolhei'yrtae spe<Q*ed
Charactersttc Sy.i*v4 l*»tCtindltm Mb. TVP. Max , Unit.

Prmary Sampled Current IP -5C - 5C A

Sanstvty
Soni Ha? sea e of Ip ijpplod ar 5 ms T* = 25*C 4G mV.'A

Sonsr(3fi Hu' sen a 1. pltd tr S m<l "ft"! V! 417 mV'A
S : : T*=25*C.10nf a- VOUTiifi ShO 10 mV

Hdninearly
Upblu sea e tf lp lk.app ediorSma T,: 25X 50 3S C / =t- 1 %

EL PiLTj Up » Sul s>sa e tf Ip Ipapp ed 'crSms TQP -20*0»25X =1 1 %

©ecr-cat Of«t \toiage3
CA l 2FC - ±2 - mV

VrE.-i-i i-r Ip'OA lgp= a*c toss-c -3C - 30 mV
OEiJOPLr fc = CA 7.z„= -3Ct to 2FC -3C - 30 mV

TOST Output Error* lEroT|HT| Ovor\i sea « of lp Ip ipp nd *cr 5 ms T.-p.= 2 5 5 %

: . i Oi'er 111sea fl qf lp ipp nd far 5 ms T(3P= -: s %
'Devce maybe cperaed a1,hgharprimary currani eve a Ip and amb err wnperauras T p prcvded tia tie Maximum Junetcn Temperai/e
Tj(rn® [i snatexoaedad

3cr na KI valaga
QtiTOPi rrfarrad flg cfcia = 2 5 V a?0 A

Poroontagn erf b vnfi Ip = 25A Output ? farad

leg L
AJhqra MrraSpawns Inc 5
TiS r+j''.rnjj«ibut
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