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ABSTRACT

Corrosion is a major problem for oil and gas operators as the cost consumed each year is
fighting corrosion are staggeringly high. Along with the implementation of cost effective
corrosion prevention methods, the race for reducing cost consumption still goes on. One
of the common method used to prevent the corrosion is by implementing a cathodic
protection system to control the environment of the protected object. It is controlled by an
injected current which coming from a power supply. Common power supply is from
transformer rectifier unit which get supply from Tenaga Nasional Berhad. An unexpected
event such as lightning strike the power supply system may have chances to be interrupted.
Interrupted by mean the earth leakage circuit breaker disconnect from the supply to the
transformer rectifier unit. Once it being interrupted, the metal failed to be protected. Thus,
corrosion can be occurred and lead to severe damage. The metal subjected to this project
is the underground gas pipeline. This project propose a backup power supply by using

solar photovoltaic (PV) system to have a continuous cathodic protection system.
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ABBREVIATIONS AND NOMENCLATURES

Photovoltaic (PV)

Transformer Rectifier Unit (TRU)

Impressed Current Cathodic Protection (ICCP)
Tenaga Nasional Berhad (TNB)

Cathodic Protection (CP)

Sacrificial Anode Cathodic Protection (SACP)
Fusion Bonded Epoxy (FBE)

Pulse Width Modulation (PWM)

Solar charger controller (SCC)



CHAPTER 1: INTRODUCTION

1.1 Background

1.1.1 Problems of Corrosion

Corrosion affect in every each part of oil and gas field. From upstream (platform, pipeline,
machine) to downstream. The corrosion contribute problems especially in the mechanical
structure that may lead to serious problems. The depreciation of the strength also
exponential through time. Its means that, the cost to prevent the corrosion will save a lot

compare to the cost to fix the corrosion [1].

Due to low possibility to prevent corrosion, it has becoming more obvious that controlling
corrosion rate may only be the most economical solution. Therefore, corrosion engineers
are struggling in making the estimation the cost of their solutions of preventing corrosion
in conjunction with estimating the useful life of the operating equipment in the production

line.



1.1.2 Impacts of Corrosion

Mostly in oil and gas production industries, the impacts of corrosion are varies. Therefore,
it often to affect more severe to environment and surrounding compare to metal loss in

structure.

Table 1: Impacts of Corrosion

Impacts of Corrosion

Reduce the thickness of metal.

People injuries during structural failure.

Impurities inside pipeline during transportation.

Impurities affect the other major part in oil and gas.

Loss of technically significant surface properties.

Mechanical impairment.

Nl o g M W e

Cost increase to recover from corrosion.

1.1.3 Corrosion Prevention Methods

Commonly, there are four steps to prevent corrosion from occur:

1. Adding an anode (the metal that being sacrifice) to the environments.

2. Adding a cathode (the place where metal is protected).

3. An electrical connection (rectifier) between the anode and cathode

4. A liquid medium, called the electrolyte, in contact with both the anode and

cathode (to provide transportation medium) such as soil.

By retarding either the anodic or cathodic reaction, the rate of corrosion can be reduced.

This can be achieved in several ways:



Table 2: Application of Corrosion Reduction

Concept Main methods Applications

Conditioning the metal Coating the metal Organic coating, metallic
coating, inorganic coating

Alloying the metal Stainless steel
Conditioning the corrosive | Removal oxygen Using strong reducing
environment agents (i.e. sulphide)

Corrosion inhibitors Anodic inhibitors, cathodic

inhibitors, adsorption type

corrosion inhibitors, mixed

inhibitors
Electrochemical control Difference in metal Cathodic protection,
potential anodic protection

Of all the methods mentioned above, the project will be focused on electrochemical

control which influence the difference in metal potential known as cathodic protection.

1.2  Problem Statement

The conventional method uses Transformer Rectifier Unit (TRU) to perform
Impressed Current Cathodic Protection (ICCP). The TRU is bulky and requires large
space. In addition, the TRU requires power supply from TNB which in large alternating
current (AC) before convert it into low voltage. The problem arises when power supply
from TNB has the chances to be interrupted due to lightning and etc. Other than that, the
gap of power level between input and output at the TRU is large which is from 230 AC to
10 VDC. For industrial services, the power supply is expensive compared to domestic
usage. Approach of using solar photovoltaic to reduce the monthly cost and maintenance
cost. Therefore, this project is to propose a proper system of solar photovoltaic to supply

power continuously for ICCP.



1.3  Objectives

1) To study the principles of impressed current cathodic protection in protecting
underground carbon steel gas pipeline.

2) To investigate the application of solar photovoltaic in harvesting energy.

3) To propose a design of solar photovoltaic system for impressed current cathodic
protection.

1.4 Scope of Study

The scope of work of this study includes the understanding the principle of cathodic
protection for underground gas pipeline. The fundamental of CP is the most important for
this project. In order to have a clear objective, impressed current cathodic protection is
chosen to be the one focused in the CP system. It is because only impressed current

technique uses conventional transformer rectifier unit as power supply for the CP system.

The conventional TRU also being included in the study due to its relativeness in
providing power supply to replace it with solar photovoltaic. Therefore, the designing

phase of the prototype related to solar photovoltaic is included.

For experimental purpose, the current and voltage from the output of the solar PV
system will be monitored and recorded with Arduino. Current sensor and voltage divider

are used to do the task.



CHAPTER 2: LITERATURE REVIEW

2.1 Cathodic Protection

One of the method that widely used to prevent corrosion in metal is Cathodic
Protection (CP). CP is commonly applied in metal that is buried underground or in the sea
such as oil and gas pipeline, submarines, underground tank, ship blade etc. Applying CP
to the metal can increase the life span of the metal. CP can be divide into two (2) types.
Firstly, Sacrificial Anode Cathodic Protection (SACP) and secondly Impressed Current
Cathodic Protection (ICCP).

2.1.1 Sacrificial Anode Cathodic Protection (SACP)

For sacrificial anode, there will be no injected current as illustrated in figure 1,
only the electrochemical reaction will provide the protection for the metal. It uses the
natural potential difference that exists between the structure and second metal in the same

environment to provide driving voltage [2].

Electron flow

Ground Level

Sacrificial ; n+ A Prlc\’/;c::atled
anode (M) M
________ >
— M™
~<_ v
Positive

current flow

Figure 1: Schematic diagram of cathodic protection using sacrificial anode.



Fe » Fe?t + 2e~ (D)

0% + 2H?0 + 4e~ - 40H~ (2)

From the chemical equation above, cathodic polarization decrease the speed of
half-cell reaction (1) with an surplus of electrons, which decrease the speed of oxygen
production and increase the OH"production by reaction (2) [3].

2.1.2 Impressed Current Cathodic Protection (ICCP)

Rectifier

Ground Level

_ - - <
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Figure 2: Schematic diagram of cathodic protection using impressed current technique.

Figure 2 depicts the use of rectifier or an external power supply to provide cathodic
polarization of structure. The impressed current technique compromises of the rectifier,

impressed current anode bed, aqueous solution environment and the metal to be protected.

Figure 2 also illustrates the movement of current from rectifier through anode bed
to carbon steel pipe. From studies, the electrons move in the opposite direction to the

movement of current. Thus, from the diagram, it shows that the rectifier injects the



electron to the pipe specifically to the corroded surface of metal structures in order to
accumulate the electrons to reduce the half-cell reaction and increases the rate of oxygen
reduction [4]. Meanwhile, the anode bed (Magnesium or Zink) will decompose and

become the sacrificial anode, where the corrosion normally occurs.

2.2  Transformer Rectifier Unit

Transformer rectifier unit consists of transformer and rectifier. The transformer
used in the TRU is step down transformer which is used to reduce the alternating current
voltage from the TNB supply. Then, the output from the transformer connects to the input
of the rectifier. The rectifier function as a converter which convert alternating current to

direct current. The impressed current technique requires direct current as power supply.

There are two types of transformer that are widely used in oil and gas industry
depending on the location of the installation. For example offshore platforms, cast resin
dry type transformers are preferred due to zero maintenance and small foot print.
Meanwhile for onshore, oil type transformers as in figure 3 are used due to lower cost for

installation and maintenance.

Figure 3: Oil type transformer for cathodic protection station.



Currently, the conventional transformer rectifier unit (TRU) utilise supply voltage
of 230 VAC in a cathodic protection station as depict figure 4. Figure 4 shows the voltage
level out from TRU is 10 VDC and to be injected to the pipe. This system depend on
Tenaga Nasional Berhad (TNB) power supply which probably has the chance of tripping,
thus the pipe would not be protected.

Figure 4: Transformer Rectifier Unit

The word corrosion is used to define the reaction of a material with its
surroundings or electrolyte that produces measurable changes and can lead to impairment
[1]. The material that interrelated to this project is from natural gas pipeline which is
carbon steel. Meanwhile the surroundings is the soil due to the pipe is buried underground.
Corrosion usually can occur in two condition. The first condition where corrosion happen
in the same metal with different environment. Secondly, the corrosion occurs in different
metal but with the same environment. In every corrosion processes, the speed of the

anodic reaction must equal the speed of the cathodic one [5, 6].

Rectifier unit supplies current for ICCP [1, 7]. From figure 2, the rectifier unit
provides direct current voltage to the anode bed. The current flows through the anode bed
and jump to the pipe. Throughout this method, corrosion can be minimized to nearly zero
through cathodic protection and well-maintenances system provide protection

periodically [3, 8]. Over protection to the underground pipeline may lead to coating defect.



Coating is primary form of corrosion prevention followed by other prevention
system [9]. The purpose of a barrier coating is to insulate the anode and cathode of the
corrosion cell from the environment [2]. For example, three (3) layer fusion bonded epoxy
(FBE) that is used for natural gas pipeline. In genuineness, there is no perfect design that
can prevent corrosion in total. The coating also provided with a coating defect that as big

as pin hole which provide a complete circuit for cathodic protection system.

2.2  Solar Photovoltaic

The term photovoltaic is derived from the Greek work “photo” which means light
and “volta” named for Alexander Volta, who did some of early work in electrical

development [10]. From the two nouns it combined and form photovoltaic.

Harvesting sunlight into electricity is one of the renewable source that can be
collected using solar photovoltaic system. The electricity generated usually being stored
in battery or used directly. It also can be used to support the grid depending on its rating.
Solar PV can be one of the reliable and green source of electricity that have many

application worldwide [11].

In solar PV system, contain four types of major components depend on criteria of
the design itself. A simple solar PV system includes solar panel, charger controller, battery
and converter or inverter. In this proposed system, the solar panel will collect the sun
radiation and convert into electricity as the output. Then, the charger controller will
control the input to the battery to prevent overcharging and several protection. Thus, it
protects the battery from damage and increases the lifespan of the battery itself. The
battery is the place where the electrical energy stored in order to provide current supply
to the metal employed as the cathode [12]. Last but not least, the inverter either to change
direct current into alternating current or vice versa and the converter that can be used to

change the level of voltage or current depending on the application for the system [13].

The most commercial solar cells nowadays are silicon-based structures [10]. The

photovoltaic (PV) power technology uses semiconductor cells (wafers), generally several



square centimeters in size. From the solid-state physics point of view, the cell is basically
a large area p-n diode with the junction positioned close to the top surface. The cell
converts the sunlight into direct current electricity. Numerous cells are assembled in a

module to generate required power.

The photovoltaic cell, then, converts light directly into electricity. The process
produce electricity without producing carbon dioxide [14].The physics of the PV cell is
very similar to the classical p-n junction diode is shown in figure 4.

Electron flow
—>

Electric
load

<4— <
+

R

P - contact

Figure 5: Physics of Solar Photovoltaic System
After the junction absorbed the solar light, the absorbed photons energy drained to the

electron system of the material, produce charge carries that parted at the junction. The
charge carriers may be electron-ion pairs in a liquid electrolyte or electron-hole pairs in a
solid semiconducting material. The presence of charge carriers in the junction produce a
potential sloop. It accelerated through an electric field and circulate as current. Thorough
formula of power is equal to current measured squared multiply by the resistance of the

external circuit. The remaining power will dissipates as heats.

10



CHAPTER 3: METHODOLOGY

3.1  Project Flow Chart

The project starts with gathering information through journals and research paper.
The information then analyze critically to gain the core idea of the project based on the
title proposed. From the title proposed, the problem statement is projected to lead the
objectives. The case studies are constructed after stated the objectives. The literature
reviews are focused on cathodic protection.

The project main activities are basically divided into two sessions. One is the activities
that are conducted to calculate transformer rectifier unit power requirement for cathodic
protection unit and the other activities are conducted to design solar PV system to

accommodate the power requirement from transformer rectifier unit.

C Start >

v
Title Selection
v
Study on principle of Cathodic Protection, Solar
PV System Design and Energy Harvester
v
Proposed system design
v
Benchmark experiment
v
Gathering Materials
v
Build Prototype

Success

A

Finalise Design

v

Recommendation

Figure 6: Final Year Project Flowchart
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3.2 Activities Description

To elaborate more on the previous section, the system design basically involve four
phases (not in actual sequence):

Determine Power
Consumption on Rectifier

v

Sizing the PV Panel

v

Sizing the Battery

v
Sizing the Solar Charger

Figure 7: Four Phase of Designing Solar Photovoltaic System

3.2.1 Solar Photovoltaic System Design

The solar PV system for the prototype consist of solar photovoltaic, charger
controller, battery and converter as depicted in figure 8. The solar PV module collects the
solar radiation to be converted into electricity. The charger controller controls the charging
with pulse width modulation switching to increase the charging battery efficiency and
long lasting. The battery is where the electron stored and discharge to load. The converter

controls the level of output voltage from the battery.

12



Solar Photovoltaic

Solar PV will
charge the battery The converter will
through charger control the output
controller voltage to be support

by the pipe for
cathodic protection

The battery will
store electrical
energy and connect
to the converter

Charger controller
will control the
charging time for
the battery

Charger Controller Converter

Battery

Figure 8: Material Selection with Relation between Components

Power Consumption

From the TRU at CP station, the rectifier requires to supply 10V and 2.5A for 2 hours per
day (maximum response time). The power consumption from the rectifier calculated as

below.
10V x 2.54 x 2h =50Wh/d
. iy /day

Total PV panel energy needed is the energy required per day multiply with added energy

lost in system.

50Wh
day

X 1.3 = 65Wh/day

Size of PV Panel

The solar PV panel used is polycrystalline type to save the area of space required. For the
size of PV panel, the total Watt-peak (Wp) calculated from PV panel capacity needed

divide with panel generation factor in Malaysia which is 3.4.

13



65Wh/day

= 19.11W
34 p

Number of PV panels needed calculated as below. The 10Wp is from the datasheet of

solar panel.

19.11Wp

———=1911%2
10Wp K

The number of PV panels needed are 2 modules.

Battery Sizing

Total uses energy for the system calculated as below.
25W x 2hours = 50Wh

Nominal battery voltage = 12 V

Nominal Ampere-hours battery = 7.2Ah

Days of autonomy = 1 days

Battery capacity calculated as below.

1
SOWh X S es 506 x 12 o17AR

Total Ampere-hours required = 8.17 Ah
Number of battery required as below.

8.17Ah/day

= 1.1347 unit
7.2Ah / day unit umt

Total number of battery required is 2 units.

14



LS0512 Solar Charger Controller Selection

Solar charger controller (SCC) selected for this project is LandStar series solar
charger controller that adopts the most advanced digital technique and operates fully
automatically. It use Pulse Width Modulation (PWM) technique to charge the battery to
increase the lifetime of battery and improve the solar system performance. The switching
part is taken by electronic switch; MOSFET. It adopt temperature compensation, correct
the charging and discharging parameters automatically. Included with electronic
protection such as overcharging or discharging, overload, reverse polarity and even short

circuit.

The SCC rating is 60 Watt. By default, it can support up to 6 units of 10 Watt solar
PV panel. The number of battery that can be installed is unlimited but will increase the
time take for the battery to fully charge.

3.2.2 Prototype Casing Design

The casing for the prototype is designed by using AutoCad software. It designed
to be compact and portable as it will be installed together with TRU in CP station. The
material used for the casing is acrylic, which easy to cut and fabricate. The figure 9 below
portrays the second version of the prototype casing. The first version of design is much

more bulky compared to second version.

15



Figure 9: The Casing of Prototype

16



3.3  Project Gantt chart

The Gantt chart for Final Year Project | and Final Year Project 11 are shown below.

Table 3: Gantt chart for Final Year Project | and Final Year Project Il

Activities

FYP 2

Title Proposal

Preliminary Research /
Data Collection

Extended Proposal

Solar PV System
Design

Proposal Defend

Gathering Materials

Interim Report

Progress Report

Fabrication Prototype

Prototype Testing

Project Dissertation

The Gantt chart is divided into FYP I and FYP Il. In FYP I, the schedule is majorly on
study, research and documentation for cathodic protection and solar PV design. The
project is focused in designing power supply for TRU by using solar. The designing part
require basic calculation to calculate total number of solar PV module required and total
number of battery required. This project systematically follows the schedule in order to
meet the expectation of the results. Meanwhile in FYP 11, the schedule is critically on
prototyping completion and testing. The prototype is designed and fabricated before being

tested. The testing conducted to measure and record the current and voltage of the battery

across the time.




3.4

Towards the project research, key milestone being set up to accomplish the desired
design. The key milestones are as follow:

Table 4: Key Milestones for Final Year Project

Project Key Milestone

Activities

Week No.

FYP1

FYP 2

10

11

12

13

14

15

16

17

18

19

20

21

22|23

24

25

26

27

28

Completetion of the
Title Proposal by FYP
Committee

Completion of the
Preliminary Research
and Data Collection

Completion of Solar PV
System Design

Completion of Interim
Report Documentation

Completion of
Fabrication Prototype

Completion of
Prototype Testing

Completion of Project

Dissertation

The milestones for FYP | is achieved perfectly according to the time frame planned. In

FYP Il has three milestones which are completion of fabrication prototype, completion of

prototype testing and completion of project dissertation. The progress report is completed

in week 8. The prototype is tested together with completion of fabrication. The project

dissertation is on schedule for completion.

18



CHAPTER 4: RESULTS AND DISCUSSION

In order to prepare a stable system before being implemented, few parameters need to be
analyzed such as time taken for battery to reach fully charge, the lowest voltage before
the charger controller trigger to recharge. These two parameters are crucial in term of

readiness to be operate at interrupted time.

From the figure 10, the voltmeter and ammeter are connected to monitor the parameters
through time. The objective of recording the current and voltage is to study the fluctuating
of the current and voltage which affected by solar radiation. Arduino is used together with

current sensor to collect the value for the parameter.

Solar Panel B
- ‘ | Solar Panel A

Charger Controller

DC-DC
Converter

Anode
Bed

g Pipe 9

Arduino

Battery

Figure 10: Voltmeter and Ammeter Position for Data Measurement

19




Figure 11: Testing Conducted under Direct Sunlight

Table 5 depicts the voltage of battery that is not connected to charger controller, battery
that is connected to charger controller and solar PV that is connected in parallel. The
current flows measured shows from the SCC to battery, from solar PV A to SCC and from
solar PV B to SCC.

20



Table 5: Parameters Recorded for Voltage and Current of the Solar PV System

Battery Solar PV Battery Solar PV

Open Open Open Open

Time Voltage | Current | Circuit | Voltage | Current | Circuit Time Voltage | Current | Circuit | Voltage | Current | Circuit

(V) (A) Voltage (V) (A) Voltage (V) (A) Voltage (V) (A) Voltage

V) V) v) (v)

2:37| 12.934] 0.35] 12.617, 13.029, 0.35] 20.271 3:32] 13.444 0.56 13.551 0.56)
2:40) 12.797, 0.12] 12.863| 0.12] 3:35] 13.36) 0.45] 13.446 0.45]
2:45| 12.791 0.09 12.851 0.1 3:37] 13.417 0.5 13.513] 0.5
2:43] 13.081] 0.47| 13.207, 0.47| 3:40) 13.058 0.008 13.112 0.009
2:50) 13.172] 0.46) 13.256) 0.46) 3:42] 13.476 0.55] 13.557| 0.56)
2:52| 13.161 0.44 13.27 0.44 3:44]  13.478] 0.56 13.58 0.56
2:53 13.129] 0.33] 13.169| 0.33] 3:46 13.113 0.09) 13.143 0.1
2:56) 12.781] 0.23] 13.084 0.23] 3:49) 13.337 0.4] 13.38] 0.4
2:58| 12.949 0.13] 13.011 0.14 3:50] 13.388] 0.45 13.494] 0.45
3:00 13.131 0.33] 13.194 0.33 3:52 13.372 0.42 13.456 0.42
3:02] 13.296 0.52] 13.381] 0.53] 3:54] 13.033 0.06 13.088 0.07]
3:03] 13.431 0.66) 13.491 0.65 3:57|  12.984] 0.03 13.091] 0.05
3:05| 13.332 0.55] 13.507 0.55 3:59| 13.049 0.07 13.078] 0.08
3:07| 13.1 0.23] 13.167| 0.24] 4:01] 13.374] 0.43] 13.476 0.44]
3:10 13.144 0.24 13.288| 0.25 4:03 13.425 0.47 13.525 0.47]
3:11] 13.315 0.63 13.475 0.63 4:05| 13.473 0.45 13.662, 0.45
3:13 13.373] 0.65] 13.497, 0.65] 4:07| 13.462 0.47| 13.533 0.47|
3:14] 13.503 0.69] 13.615] 0.69| 4:09) 13.455 0.42] 13.942 0.42]
3:17| 13.206 0.33] 13.293 0.33 4:10]  13.395 0.45 13.539 0.46
3:18] 13.349| 0.55] 13.449, 0.55] 4:11] 13.411 0.4] 13.501 0.41]
3:21 13.28] 0.43] 13.363| 0.44 4:13] 13.242 0.23] 13.319 0.24]
3:22| 13.376 0.5 13.472 0.5 4:15|  13.338] 0.35 13.426| 0.36
3:24] 13.39] 0.49] 13.487, 0.5 4:17| 13.42 0.4] 13.512 0.4
3:26) 13.393] 0.53] 13.516) 0.53] 4:19| 13.334 0.31] 13.42 0.32]
3:28] 13.416 0.56) 13.556 0.56 4:21]  13.288] 0.26 13.351] 0.27
3:30) 13.449) 0.56) 13.546 0.56) 4:23] 13.266 0.25] 12.999 13.343 0.26

The data recorded in table 5 for every set of period from 2:37PM until 4:25PM shows the
instantaneous voltage and current for battery and solar PV. The voltage recorded for
battery (not connected) initially at 12.617V and finished at 12.999V. The battery need to
be measured in open circuit condition before and after the charging in order to isolate the
battery from the SCC circuit. Other than that, the SCC is using PWM switching to charge
the battery, once the battery is disconnected from the SCC and connected back, the PWM
switching will automatically restart its period from smaller to bigger step size. Thus, it

will affect the time take for the battery to fully charge.

For the voltage of parallel solar PV, the initial value is 19.804V which is not connected to
SCC and after connected to SCC the voltage drop to maximum of 13.942V. This is due to
power consume in the SCC circuit. The current recorded over the period for the battery
started at 0.35A and finished at 0.25A. For the solar PV, the current started at 0.350A and
0.26A. From the data, it shows that approximately input current equal to output current.
The input current is the current from the solar PV and the output current is charging

current.
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Graph of Battery & Solar PV Voltage VS Time
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Figure 12: Graph of Voltage versus Time

From figure 12, the battery voltage is lower than solar PV voltage. This is due to input
voltage which is from the solar PV will always higher than the output which is the
charging voltage. When it is connected to the SCC, the voltage will drop due to power

consumption from the SCC circuit.

From the voltage of solar PV, the slope is changing rapidly. This is due to climate change
such as the weather become cloudy and back to normal at sudden. This situation is
unpredictable and not under human control. The rapid changes also from the SCC itself
which has different type of mode for charging to prevent overheating and excessive
battery gassing. The variety of mode is for long lasting of battery usage. When the battery
is fully charge at 14V, the PWM will go to float charge mode which will reduce the voltage
for charging the battery. At this stage, loads draw power directly from the battery.
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Graph of Battery & Solar PV Current VS Time
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Figure 13: Graph of Current versus Time

From figure 13 above, it plots the value for current across the time from 2.37PM to
4.25PM. The current from the solar PV approximately equal to the current injected to the
battery. This is due to solar PV supplied current affected from the solar radiation. When
the solar radiation is not sufficient for the solar PV, low power will be supplied to the

battery.
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CHAPTER 5: CONCLUSION

The objectives for this project are achieved. The principles of impressed current cathodic
protection in protecting underground carbon steel gas pipeline is studied with guided from
the references. The investigation of solar photovoltaic in harvesting energy has been done
in order to design the solar PV system for impressed current cathodic protection. The
prototype of solar PV system for impressed current cathodic protection has been
completed. The data collected contain high efficiency of 99.2% based on input and output
of the system.

The solar PV system have a lot of potential to be coupled together with the TRU for
cathodic protection system. Besides giving continuous supply during interrupted supply,
solar PV reduces the cost of commissioning and maintenance. Thus, the underground

carbon steel underground gas pipeline is continuously protected.
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CHAPTER 6: RECOMMENDATION

The system is designed to become the backup supply after the primary supply having a
failure, to become fully green system, it is recommended to become the primary supply
for the CP system.

Other than that, the system load is not always fixed at a value due to soil resistivity and
environment. Therefore, load monitoring is recommended. It will give analog input that
can be analysed and programme using Arduino. Thus, to have a monitoring voltage using
Arduino and pulse width modulation (PWM) that can adapt the voltage to be in the range
of voltage where the pipe is protected is one of the recommendation that can be included.

In order to receive optimum solar radiation, the solar panel need to always facing the sun.
Due to that, the system can be improved by a controlling device to control the angle of the

solar panel to always facing the sun.

From the result and discussion, it is important to have consistency in data sampling. In
order to have the consistency the data sampling need to be increased into 30 days in order

to improve the analysis on charging of the battery.
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APPENDICES

Allegro

Appendix A — ACS712 Hall Effect Current Sensor Datasheet

ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2,1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits

Low-noise analog signal path

Device bandwidth is set via the new FILTER pin

5 us output rise time in response to step input current
80 kHz bandwidth

Total output error 1.5% at T, = 25°C

Small footprint, low-profile SOICE package

1.2 mQ} internal conductor resistance

2.1 kVgpgs minimum isolation voltage from pins 1-4 to pins 3-8
5.0V, single supply operation

66 to 185 mV/A output sensitivity

Output voltage proportional to AC or DC currents
Factory-trimmed for accuracy

Extremely stable output offset voltage

Nearly zero magnetic hysieresis

Ratiometric output from supply voltage

CE

TOW America
Certificate Number:
UBY 08 05 54214 010

I:“ us

Package: 8 Lead SOIC (suffix LC)

Approximate Seale 1:1 ﬂ

Description

The Allegro® ACS712 provides economical and precise
solutions for AC or DC current sensing in industrial,
commercial, and communications systems. The device
package allows for easy implementation by the customer.
Typical applications include motor control, load detection and
management, switched-mode power supplies, and overcurrent
fault protection.

The device consists of a precise, low-offset, linear Hall
sensor circuit with a copper conduction path located near the
surface of the die. Applied current flowing through this copper
conduction path generates a magnetic field which is sensed
by the integrated Hall IC and converted into a proportional
voltage. Device accuracy is optimized through the close
proximity of the magnetic signal to the Hall transducer. A
precise, proportional voltage is provided by the low-offset,
chopper-stabilized BiCMOS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope (>Vigyrg)
when an increasing current flows through the primary copper
conduction path (from pins | and 2, to pins 3 and 4), which
is the path used for current sensing. The internal resistance of
this conductive path is 1.2 m£ typical, providing low power

Continued on the next page._.

Typical Application

2p+ viout

|P} ACSTI2
3| o FILTER
4

- onp

B
1 = VGG
7 Veur
—0 Corr

E—_L
=l

I 01 yF

C,
1nF

Application 1. The ACS712 outputs an analog signal, Vg
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, I, within the range specified. C
is recommended for noise management, with values that

dapend on the application.

ACST12-DS, Rev. 7
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Description (continued) . A
loss. The thickness of the copper conductor allows survival of ~ The ACST12 s provided in a small, surface mount SOICE package.

the device at up to 5% overcurrent conditions. The terminals of The leadframe is plated with 100% matte tin, which is compatible
the conductive path are electrically isolated from the sensor leads with standard lead (Pb) free printed circuit board assembly processes.
(pins 5 through 8). This allows the ACS712 current sensor to be  Internally, the device is Pb-free, except for flip-chip high-temperature
used in applications requiring electrical isolation without the use  Pb-based solder balls, currently exempt from RoHS. The device is
of opto-isolators or other costly isolation techniques. fully calibrated prior to shipment from the factory.

Selection Guide

T Optimized Range, |, Sensitivity, Sens
Part Number Packing” {'6] pti ") ge. T (Typ) [‘:\Hﬁ]
ACST12ELCTR-05B-T | Tape and reel, 3000 plecesiraal —40 to 85 +5 185
ACST1ZELCTR-20A-T | Tape and reel, 3000 piecesireel =40 to 85 +20 100
ACST12ELCTR-30A-T | Tape and reel, 3000 piecesireel 4010 85 30 66
*Contact Allegro for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units

Supply Voltage Vee 8 v
Reverse Supply Voltage Vace =01 W
Output Voltage Viaur 8 v
Reverse Output Voltage Vrour 0.1 v

Pins 1-4 and 5-8; 60 Hz, 1 minute, T,=25°C 2100 v
Reinforced Isolation Voltage Viso Voltage applied to leadframe (Ip+ pins), based 184 v

on IEC 60950 peak

Pins 1-4 and 5-8; 60 Hz, 1 minute, Ty=25"C 1500 v
Basic Isolation Voltage Vizo(kse) Voltage applied to leadframe (Ip+ pins), based 154 v

on IEC 60950 peak
Output Current Source liouTigaures) 3 mé
Output Current Sink lioUT(sink 10 mA
Owvercurrent Transient Tolerance I 1 pulse, 100 ms 100 A
Mominal Operating Amblent Temperature Ta Range E —40 1o 85 oc
Maximum Junction Temperature Ty(max) 165 G
Storage Temperature Tﬂ =510 170 “c.

Parameter Specification
CAN/CSA-C22.2 No. 60950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001

M - Allegro MicroSystems, e 2
% 115 Northeast Culoft
. Worcestar, Massachusstts 01615-0036 US.A.
o T T 1.508.853. 5000; www allegromicrs.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

N
vee
(Pin 8)
e !
|
i '
! i
i
|
)
{Fin 1)
i
{Fin 2‘} -
: . VIiouT
i PinTy
i L1 :
et I
- H = 01 pF|
{Pin 4} —3
' i
| :
i - i
! |
_______________________________________________________________________________________ <
FILTER
in &)
T
Pin-out Diagram
IPs [T] [B] voo
s [Z] [7] viout
IP= 3] [E] FILTER
p- 2] [5] cho
Terminal List Table
Number Nama Dascription
1and 2 P+ Tarminals for current baing sensed; fused intemally
Jand 4 IP= Terminals for current baing sensed; fused internally
5 GND Signal ground terminal
6 FILTER Tarminal for external capacitor that sets bandwidth
7 VIoOUT Analog output signal
] VCC Device power supply terminal

M - Allegro MicroSystems, e 3
% 115 Northeast Culoft
. Worcestar, Massachusstts 01615-0036 US.A.
o T T 1.508.853. 5000; www allegromicrs.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS1 over full range of T,, C¢ = 1 nF, and Vg =5 V, unless othenwise specified

| Characteristic | symbel Test Conditions [ Min. | Typ. | Max. [ Units
ELECTRICAL CHARACTERISTICS

Supply Voltage Vee 45 50 55 v
Supply Current lee Vize = 5.0V, output open - 10 13 "y
COutput Capacitance Load Cloan | VIOUT to GND - - 10 nF
Output Resistive Load Rigap |VIOUT to GND 47 - - kil
Primary Conductor Resistance | Rpgpagy |Ta=25°C - 1.2 - mi}
Rize Time tr lp = Ip{max), Ty = 25°C, Cour = open - 5 - us
Frequency Bandwidth f =3dB, Ty = 25°C; |p is 10 A peak-to-peak - 80 - kHz
MNonlinearity Eun Crwer full range of Ip - 1.5 - Yo
Symmetry Egyy Crer full range of Ip a8 100 102 Yo
Zero Current Output Valtage Viouriy | Bidirectional; 1, = 0A, T, = 25°C - Ug_c; - v
Power-On Time oy QOutput reaches 90% of steady-state lavel, T;=25°C, 20 A present _ 15 _ us

on leadirame

Magnetic Coupling? - 12 - GiA
[Internal Filter Resistance3 Reqr 1.7 k)

Device may be operated at higher primary current levels, |p, and ambient, Ty, and internal leadframe temperatures, Ty, provided that the Maximum
Junction Temperature, T (max), is not exceeded.

245 =01mT.

ﬁRﬂm:,forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

Min. Typ. Masx. Units

Operating Intarnal Leadframe Temperature ] Ta ]E range —A40 - 85 C
Value Units
Junetion-to-Lead Thermal Resistance? Rgyy [Mounted on the Allegro ASEK 712 evaluation board 5 “cw

Mounted on the Allegro 8520322 evaluation board, includes the power con=
sumed by the board

1additional thermal infermation is avallable on the Allegro website.

2The Allegro evaluation board has 1500 mm? of 2 oz. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are avallable from the Frequently Asked

Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-
tion section of this datasheat.

Junetion-to-Ambient Thermal Resistance Raya 23 “CIwW

M - Allegro MicroSystems, e 4
% 115 Northeast Culoft
. Worcestar, Massachusstts 01615-0036 US.A.
o T T 1.508.853. 5000; www allegromicrs.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

x05B PERFORMANCE CHARACTERISTICS T, = 40°C o 85°C!, G = 1 nF, and Vgg = 5 V., unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -5 - 5 A
Sansitivity Sans Over full range of Ip T, = 25°C 180 185 190 mviA

Peak-lo-peak, Ts = 25°C, 185 m\V/A programmed Sensitivity, _ _
Naisa VNOISE(PP) | = 47 nF. Gour = open, 2 kHz bandwidth 2z m
T,=—40°C 1o 25°C - —0.26 - m\Vi"C
Zera C t Output Sl Al
aro Lumant Cuipdt Slopa ot [T, Z35C 1o 150°C oo | < TG
Ta=—40"Cto 25°C - 0.054 - m\/APC
Sansitivity Shoj ASa
natily =iope " [T.=25C 1o 150°C — [-oooe| - VIAFC
Total Output Error? Etar lp=45A, Ty = 25°C - +15 - %

Davice may be aperated at higher primary eurrent levels, | and ambient temperatures, T,, provided that the Maximum Junction Temperature, T_,t,n“J‘
is not exceeded.

2Percentage of I, with I = 5 A. Output filtersd.

x20A PERFORMANCE CHARACTERISTICS T, = -40°C 10 85°C1, Cp = 1 nF, and Vgz =5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip =20 - 20 A
Sensitivity Sans Crver full range of Ip Ta = 25°C 96 100 104 miviA

Peak-io-peak, T, = 25°C, 100 m\/A programmed Sensitivity. _ _
Naisa VNOISE(PP} | . = 47 nF. Gour = open, 2 kHz bandwidth 1 mv
Zaera Current Output Slope Algmioy I‘j ;?cc o 25°C - —0.34 - mviIre
= to 150°C - =0.07 - mvii*C
T, =—40°C to 25°C - 0.017 - mvViASC
Sansitivity Shoy ASa
nefivily Slopa " N,=25Cio 150°C — oo0d| = VARG
Total Output Error? Eror lp=+20A, Ty =25°C - +1.5 - %
1Device may be operated at higher primary current levels, | and ambient temperatures, T,, provided that the Maximum Junction Temperature,

T (max). Is not exceeded.
2Percentage of Ip, with I = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS T, = —40°C to 85°C", C = 1 nF, and Ve = 5\, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range e =30 - 30 A
Sensitivity Sens | Over full range of I, Ty = 25°C 64 66 68 miiA

. Peak-to-peak, T, = 25°C, 66 mV/A programmed Sensitivity,
Noise VNOISEIPP) |G, = 47 nF, Coyy = open, 2 kHz bandwidth - 7 - mv
Ta=—40°C 10 25°C - -0.35 - m\V/°C
Zero Current Output Slope Algymigy T:= 359 1o 150°C — .08 — ey
. Ta=—40°C o 25°C - 0.007 - m\IAPC
Sensitivity S ASe
nelliity Slope " q,=25°Clo150°C — [o002| - VARG
Total Output Error2 Ergr lo= 230 A, T, =25°C - +15 - Y%

1Device may be operated at higher primary current levels, |, and ambiant temperatures, Ty, provided that the Maximum Junction Temperature,
T{max), s not exceeded.
Pgrcantage of In with |p = 30 A. Output filtered.

M - Allegro MicroSystems, e 5
% 115 Northeast Culoft
. Worcestar, Massachusstts 01615-0036 US.A.
o T T 1.508.853. 5000; www allegromicrs.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Iz =5 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Iz =20 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Iz =30 A, unless otherwize specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in sensor output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyqsg)- The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot
noise observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest current that the device is
able to resolve.

Linearity (E; ;y). The degree to which the voltage output from
the sensor varies in direct proportion to the primary current
through its full-scale amplitude. Nonlinearity in the output can be
attributed to the saturation of the flux concentrator approaching
the full-scale current. The following equation is used to derive the
linearity:

100 { 1= A gain x % sat ( Viour_full-scale amperes = Viout(Q)) |

2 (Mour_half-scale amperes = Viout())

where ViouT_gull-scale amperes = the output voltage (V) when the
sensed current approximates full-scale +I;,.

Symmetry (Egyyy)- The degree to which the absolute voltage
output from the sensor varies in proportion to either a positive
or negative full-scale primary current. The following formula is
used to derive symmetry:

55 (Viout_+ full-scale amperes = Viout()|

\ Viout@) = Viout_full-scale amperes

Quiescent output voltage (Vigyr(g)- The output of the sensor
when the primary current is zero. For a unipolar supply voltage,
it nominally remains at Vo/2. Thus, Ve =5 V translates into
Vioutg) = 2.5 V. Variation in Vigyq) can be attributed to the
resolution of the Allegro linear IC quiescent voltage trim and
thermal drift.

Electrical offset voltage (Vo). The deviation of the device out-
put from its ideal quiescent value of Vc/ 2 due to nonmagnetic
causes. To convert this voltage to amperes, divide by the device
sensitivity, Sens.

Accuracy (Eqqgy). The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total ouput error. The accuracy is illustrated graphically in
the output voltage versus current chart at right.

Accuracy is divided into four areas:
* 0 A at 25°C. Accuracy of sensing zero current flow at 25°C,
without the effects of temperature.

* 0 A over A temperature. Accuracy of sensing zero current
flow including temperature effects.

o Full-scale current at 25°C. Accuracy of sensing the full-scale
current at 25°C, without the effects of temperature.

« Full-scale current over A temperature. Accuracy of sensing full-
scale current flow including temperature effects.

Ratiometry. The ratiometric feature means that its 0 A output,

Viour(qy (nominally equal to Vioc/2) and sensitivity, Sens, are

proportional to its supply voltage, V.. The following formula is

used to derive the ratiometric change in 0 A output voltage,

AViout(g)rar (%)-
| Vourvee /Vioutisv
: 00( ) (s
Vecl 5V
The ratiometric change in sensitivity, ASensg ,1 (%), is defined as:
Sensyec ! Sensqy
10| —m
Vee/ SV

Output Voltage versus Sensed Current
Accuracy at 0 A and at Full-Scale Current

Incressing Yo (V)

Aceuracy
Over aTemp eratuse

4 R
O STmp s
'n-n-.v_,,m
- Allagro MicroSystems, Inc. 9
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

Power-On Time (tpg). When the supply is ramped to its operat-
ing voltage, the device requires a finite time to power its internal

components before responding to an input magnetic field.
Power-On Time, ty, , is defined as the time it takes for the output

voltage to settle within £10% of its steady state value under an

applied magnetic field, after the power supply has reached its

minimum specified operating voltage, Vio-(min), as shown in the

chart at right.

Rise time (t, ). The time interval between a) when the sensor
reaches 10% of its full scale value, and b) when it reaches 90%
of its full scale value. The rise time to a step response is used to
derive the bandwidth of the current sensor, in which f(—3 dB) =
0.35/t. Both t, and tgpopeyge are detrimentally affected by eddy
current losses observed in the conductive IC ground plane.

tpaius)

W
Vecltyp.)

B0% Vaur —

WVie(min.}

14= time at which power supply reaches
minimum specified operating voltage

1y= time at which output voltage setiles
within £10% of its steady state value
under an applied magnetic field

+t

Power on Time versus External Fiter Capacitance

i T
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is
used to minimize the offset voltage of a Hall element and an asso-
ciated on-chip amplifier. Allegro patented a Chopper Stabiliza-
tion technique that nearly eliminates Hall IC output drift induced
by temperature or package stress effects. This offset reduction
technique is based on a signal modulation-demodulation process.
Maodulation is used to separate the undesired de offset signal from
the magnetically induced signal in the frequency domain. Then,
using a low-pass filter, the modulated de offset is suppressed
while the magnetically induced signal passes through the filter.

Regulator I

As a result of this chopper stabilization approach, the output
voltage from the Hall IC is desensitized to the effects of tempera-
ture and mechanical stress. This technique produces devices that
have an extremely stable Electrical Offset Voltage, are immune to
thermal stress, and have precise recoverability after temperature
cyeling.

This technique is made possible through the use of a BICMOS
process that allows the use of low-offset and low-noise amplifiers
in combination with high-density logic integration and sample
and hold circuits.

Low-Pass
Filter

[~

L .
—

Concept of Chopper Stabilization Technigue

wAlegro-
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Typical Applications

a
@é pe WEC .
2ipe VioUT]
Ip} ACST1Z
[
3| g, FILTER

Hipo

R2
100 ki
1 vCC 8
P+ . =
£ PP TPST) | LA—" Yy W—
[ ACET12
(]
j Hie- MR g
4 001 bF
=y

Application 3. This configuration increases gain to 610 mV/A
(tested using the ACST12ELC-05A).

GHD

Application 2. Peak Detecting Circuit

45V

s = "
—L Bl
1

Cam

01 pFI

= Rz
100 k02
1 veefs
Ui, VOT . 1Ps . Vo™
Aips IOUT iPe VIOUT
|Pi ACET12
3 6
|5 FILTER

2ie-

GND

Application 4. Reclified Output. 3.3 V scaling and rectification application Application 5. 10 A Overcurrent Fault Latch. Fault threshold set by R1 and
for A-to-D converers. Replaces curent transformer solutions with simpler [RZ2. This circuit latches an overcurrent fault and holds it until the 5V rail is
ACS eircuit. C1 is a function of the load resistance and fillering desired. powered down.

R1 can be omitted if the full range Is desired.
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Improving Sensing System Accuracy Using the FILTER Pin

In low-frequency sensing applications, it is often advantageous
to add a simple RC filter to the output of the sensor. Such a low=
pass filter improves the signal-to-noise ratio, and therefore the
resolution, of the sensor output signal. However, the addition of
an RC filter to the output of a sensor IC can result in undesirable
sensor output attenuation — even for de signals.

Signal attenuation, AV,rr, 15 a result of the resistive divider
effect between the resistance of the external filter, R (see
Application 6), and the input impedance and resistance of the
customer interface cireuit, Rpyppe. The transfer function of this
resistive divider is given by:

) ) Binrec
AVyrr = Four Y -
¥+ Rivrec

Ewven if RF and RINTFC are designed to match, the two individual
resistance values will most likely drift by different amounts over

s

i

Application 6. When a low pass filter is constructed
externally to a standard Hall effect device, a resistive
divider may exist between the filter resistor, RF. and
the resistance of the customer interface creult, Ryyyec-
This resistive divider will cause excessive attenuation,
as given by the transfer function for AV

temperature. Therefore, signal attenuation will vary as a function
of temperature. Note that, in many cases, the input impedance,
Ryrerrc. of a typical analog-to-digital converter (ADC) can be as
low as 10 k€.

The ACS712 contains an internal resistor, a FILTER pin connec-
tion to the printed circuit board, and an internal buffer amplifier.
With this circuit architecture, users can implement a simple

RC filter via the addition of a capacitor, Cg (see Application 7)
from the FILTER pin to ground. The buffer amplifier inside of
the ACS712 (located after the internal resistor and FILTER pin
connection) eliminates the attenuation caused by the resistive
divider effect described in the equation for AV 1. Therefore, the
ACST12 device is ideal for use in high-accuracy applications
that cannot afford the signal attenuation associated with the use
of an external RC low-pass filter.

i s s sssss s s ————

Application 7. Using the FILTER pin
provided an the ACST12 eliminates the
attenuation effects of the resistor divider
between Re and Rjyrre. shown in Appli-
cation &.
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voitage Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC

450

LA a- -t

= 'ﬁi@i -]
PLANE
_ Al dimensions neminal, not for iocing use
wn— |- J L L e SR
127

ol B, Termiral #1 mark avea

Package Branding % §eg
Two alternative patterns are usaed LRy —
[Z] (6]
=] 5]
ACS | Allegro Current Sensor ACS | Allegro Current Sensor
T2 Davice family number T2 Davice family number
T Indicalor of 100% matte tin leadframe plating ACSTI2T T Indicalor of 100% matte tin leadframe plating
ACSTIZT R Operating ambient temperature range code RLCPPP R Operating ambient temperature range code
RLCPPP LC Package type designator L LC Package type designator
FYWWA PPP | Primary sensed current FPP | Primary sensed curment
YY Date code: Calendar year (last tvo digits) ww L..L Lot code
Ww Date code: Calendar week YY Date code: Calendar year (last two digits)
A Date code: Shift code W Date code: Calendar weak

Copyright ©2006, 2007, Allegro MicroSystems, Inc.

The products described herein are manufactured under one or more of the following U.S. patents: 5,045,920; 5264,783; 5442 283: 5 389 889;
5,581,179; 3,517,112; 5,619,137: 5,621,319 5,650,719; 5,686,804; 5,694 ,038; 5,729,130; 5,917,320; and other patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required to per-
mit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the

nor for any infringement of patents or other rights of third parties which may result from its use.

For the latest version of this document, visit our website:
www.allegromicro.com
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Appendix B — LS0512 Solar Charger Controller Datasheet

| LandStar |

LS0512
—— Solar Charge Controller

Nominal system voltage 12VDC
Maximum PV nput voltage sv
Nominal charge / discharge cumrent SA

1 Impariani Safeiy Information

Save These Instructions
This rranul conais insoriast sy, imtallaon and opsuling

AP UL,
The following sysshols ase used throughout this manual s isdicane
P zlly dssgerous condi of musk g safery |
plesse ke care when merting these symisols.
WARNING: lndicates a patentially dingerous
& condition.  Use  ewlrems  caution when
pesfurming this ek
CAUTION: ladicates & eritical precedure Tor
sale and proper operstion of the contraller.
WOTE: lalicstes & procodurs oo Tunction that
W W Importssd for ihe iafe and proper operaiien
of dhe contraller.

Contents

| Important Safiety Information ... -1

2 Gieneral Information 1
2.1 Product CWEIVIEW e k]
2.2 Product Features 5
3 Installation Instructions 7
3.1 Mounting T
3.2 Wiring 10
4 Oiperation 13
4.1 Battery Charging Information ... 13
4.2 LED Indicators. 16
4.3 Setting Orperation. ..o 19
5 Protections, Troubleshooting and Maintenance . 20
5.1 Protection 0
5.2 Troubleshooting 21
5.3 Maintenance 23
& Warranty 24
7 Technical Specifications 26

General Safety Information

* Read all of e instructions and cautions in Se sl before
hegmning imaallation.
* There e no user serviccable parts sside the comtrofier. Do not
dsascnble o smempt 10 sepair &L
Il extemnal fuscsMreakers as roquired.
* Disconnect the solar module and fisafBrcakons sos 1o bamery befire
irstalling o adjisting the controlier.
= Do not allow water 10 cster the controller.
* Confirm that power jors ase tightesed 10 aveid
heating from Joose conmoction.

"
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2 General Information
L1 Product Overview

Thark you fie selecting LandSies seris solar clarge controlle that
sl the most sdvanced digite] wchsigee: and opesates Tully
atomutically. The Pulse Width Modulation (PWN) hanery charging
can greally Berease the lifaime of Banery Il variois ungus
Banctior anl quile sy b e, such ast

wHigh efMicien Sevies FWM clarging, increase the bamery liftime
anll improve te solar sysiem porforsasee
slise MOSFET as elermomic switch, without any mechanical switch

whdopl lempoulec  cmposalion, comed the  changisg  and

Moclempimg lically sl dsspeove the banery
lifieminee

=ElL i proletion oves clangeg o declieging, oveload, and
albanin il

LandStar

Figuee 2-1 LandSar charackratics

1 =Charging stanss LED indcatoe

As LED indicator that shows charging statos sesd aleo indicates when

hamery vokage is Righer than over vollage dscosnsct volage
2 —Load stans LED indcator

As LED indicator that shows load status

3 —Banery voltsge LED isdicators

Fow LED indicators indicating battery volages -

s

The comtroller b for olf-geid soles systess, espocially in solar lght
sysam, il protects the bamery from heing oves charged by the solr
medule and over discharged by the luadi, The chis ging process hes
Ieen axptissizend for hoag bamery il ared inproviad sysies performane.
The comprebensive selF-ugmastics and ehsctronic proseet
Benctions can provent damage fom  irsiallation misales of spslen
Eaulta

Theough the contralles is casy 10 oparse and use, plesss take your tise
o fesad] this mresmisal s Becomse Bundliar with it This will help you
ke full e of all the fsctions and ingrove your sle PV systes.

4 —Senting bumon
Contral the load ONIOFF and el de hanery Type
5 —Sodss Modale Terminals

Ciossers selar modale

& —Hanzry Tesminals

Cuommern bameric,

7 “Liad Termsinals

Cormers loals.
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3 Installation Instructions

L1 Mounting

=i, cinll Uhwioggh the exline sl ladi ion Tt befime baginsi
| .

B very careful when working with Bemerics. Wes eye prolection.
Hawe fresh waler available 1o wash s cless any comtac with
Baliery il

llies imsulaned ook wd aveid plicing sens] dhjects near the
Bamerie

eEuplosive bullery passss may be preses) dering clanging. Be coten
Ul is suliceent venlilaresn e release the gasses.

sAveid divedt sunlight and do sol irsisll = localions where water can
et he conrallsr.

slivse power coansctions anlior comodod wirss may el is
FERiglive: o Therl il Wine issulation, burn surraindsg
manerials, of cven ciuse five. Ensure ghl conmection and use cable
claimges o secure cables and prevent s Bom swayig = mobile
appicaticas.

wl e with Giel, Sealad or Flooded hallerics only.

sBansry conmasthos sy be wined o ose bamery o & bank of banesies.
The fallowing instnction refis 10 o sisgalar hanery, b it is

g lied theal The: Bamery comnevtion can b mle L sither on:
Ballery e 4 g ol balleries i & banery bank.

« Selent the syslem cabls acconding o 3AJmes” cerreal dersiry.

T

VDI INI

e RRRRR

lws.mm.l P Jome

F777777777777777

Figee 3-1  Meowniing sad coolbng

Step 3: Mark Holes
Use a pescdl of pen 5o mark the fowr (4) mousting hole locations on
the mounting suface.
Step 4: Dedll Holes
Resove the controller and drill 4 holes in the sarked Jocatices.
Step 5: Secare Controller
Place the comtralier on the surface s aligs the mounting holes with
the drilled holes in ep 4.
Secure the contsolier in place using the mouslng screws.

9

MOTE: Wihes ssusting the controller, ensure Troe
sir thraugh the seatraller beat sisk e There

W Al b s bedt & inehies (150 mn) of dearsnce
sbave aml below the controller i allow Tor
coling. 1T d in I likaldan s
highly recummssdod,

WARNING: Rk of explosien! Never imiall the
& euillraller in & sealed cacdise with Dosdad halterics!
Do et fitsll i 3 eonlissed ares where banlery

iwd can secumulibe.

Saep 13 Chieie Mo unking Location
Ltz the comsoller on a vertical surfio: protosed from dicect sum,
high lessperaties, and water. Asd rmlke sune good semtilation

S 1 Chock for clearanes

Fllsce the: comtraller in the locatics witere it will be mounted Verily
thal there & sulfcient rooss 10 fun wises and St there is sullicier
ponm above and below the contsalier for air Tlow.

NOTE: A recomucnded connection srder ha
Dboen provided for masimum safety during
imtsllation

NOTE: The contruller is & commen positiye
grousd cootroller.

CAUTION: Don't consect the losds with surge
power excoeding the ratisngs of the controller.

CAUTION: For mebile applications, be sure to
socure all wiring. Unsecured cables create losse
and resistive cossections which may lead o
excessive besting andior Gire.
WARNING: Risk of explosion or fire! Never
short circuit battery pasitive (+) sad negative ()
or cables.

WARNING: Risk of eloctrie shock! Exercie
cauting when kandlieg solsr wiring. The solar
module(s) high voltage ostputl can cause severe
shack or injury. Be careful oper stion when
imtalling solsr wirisg.

> B> BPRY;
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Before Ballery & comertsd, make sure that hansry vollage & gester
than BY s s 1 sl up the consoller.

Thee hsaad bl bee D sgpprlicant with the s rated voltge
bamery’s. Controller offers power o lads Srough the banery volispe.

I & reeoissesdad thit g0 leas e T s ol cisnenl D &
conssested with Bunery sd kad.

4 Operation
4.1 Battery Charging Information

Figeed-l  FWM Chaging mode

Bulk Charge
I this slige, The hunery voltage b fol vl reached bood vollige aml
1008 oF svadible solar power & usel 1o charge the banery.

st harge
When the Bamey s seclurgol w the Booma wvollige scipaodst,
comi-curzenl regulalion & usel o peeven! bealing and excsaie
hamery gassing, The oo stge rermainm 120 ssimes s e gos i
Floar Charge.

Silep 12 Wirieg
The deid oo haxs e prowided is Fipee3-2
indicatnl Be are the segative sl posilive polsity conection b
corret mnad all terminak e lighlemal

Sidar Misdule

A
.
.
o]
o]
o]

Figere 31 Syutem wiring review

Siep L Confirm pewer an

When bamery powes is apphal asd S controller @at up, the banzsy
LED mnadizitors will be o ke conttalls dosah dait g, of the
bamery LED svor snss, plase refis 1o soction 5 i roubleshoting,

12

Flout Clarge

Afier the Batiery is Sally charged in Boost volage sage, the consuller
pedhicy e hanery vollage 1o Flost vollage set poist, Whes the banery
is Bally rocherped, dere willl Be no mone chenszal meaction and ol e
charge Curresl lrafsssils inbe heal ssd e ol s lime Then the
commller raduces the volags 1o the Noaling sage, deging with &
wmaller voluge and asren. B will pehice the lenperatane of baney
it preves) e gassing, aleo clurging Se bamay slightly al e sese
lime, The jurpose of Flaal stage is 10 ofSet fhe power consusiplion
sl by self comsurrgtion ssd small losds in the whole syaem
while maislaising 80 hallery sorags capadity.

I ol stisge, howds can continie W deaw power fhom the Banery la
the event thar the system load(s) eveeed the solar chape cumesl, e
comtrolla will S0 keager be able to maimain Se hanery st Floa
setpoint, Shoulid the Bumery voltge remuin beliw the boosl rezomnect
chargimg voltige, the contsoller will exin Flost e and reten w Balk
v

Enualiee Clarge

WARNING: Risk of e splasion!
Equsliting Nusdod baniery can produce euphsive
gased, v well vistilation of haltery bat &

nEGaAry.
4
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NOTE: Equipment dumge!
i Egualization may iscrease hatlery voltage 1o the

bevel danuaging be smitive T luads, Emurc that
all bl sallivsabsle inpul voliages se¢ gresber tan
the equalicing chasging set point vallage.
NOTE: Equipmient dange!
O er-changiog and cicoive gas precipitalion

A sy damge e batlery plate and setivane

. mmaberial sbwedding on them, Tos high s

equalidng charge or fur too loeg mey case
gy Plessis esrefully review the specific

ringuine ety of the bamery wsed in e system

Certain fypes of bamerics bensf® from peridic squalizing charge,
which cis slir The Slactulyte, Balins bullery voltigs and oomplas
SBemical peaction. Equliving chage i the bamery vollsge,
higher than the slasdand complement volige, which gmihis the
bamery clestrelyie.

I the hanery is oves diachanged, the solar comtrolls wil suomaticslly
s to equalize charging slge, and the squalize smps remain
I20mir Equalize charge and Booa chisge e nol cisrial ol
commanly i e full charge process Do avoid loo much gas procipiation
of ovisheating of batlery.

15

Charging sistes LED indicatr Table &1
O Selidd {husvoy

Fas Fladhing Elamery cvir vallige
sflanicry stabw indicator

LEIN SLOWLY FLASHING when hanery unde volage

LEINl FAST FLASHING when Baniery over dischasped

Flease see the instnsction of hamery voluge indiceting in the whie 4.2
Flase refer o ssetion § fior mouhleshioting.

4.2 LED Indicators

Charging ssdicasee  Load ssdicanor 1 2 3 4:Banery indcales

Figered-2 LED ndcaton

® Charging states indicstor

ON wh, suslight & avilable for hattery o
FAST FLASHING whes hattery over volage.
Please refer 1o section § for troublcshooting.

Lo

By LED indicator Tabile 43
LEDY o2 | wo3 | wEns Hemsy Slans
SLOWLY
FLASHING ® ® = Under volkage
FAST
FLASHING E = = et disehural
Bammery LED) indicator st durirgs vollge & up
fa] o = ® LEEN
=] o o b ESET
fa] o o o LN
LEI indicalin status during volage is dows
fa] o ® < AT
o o = S <11EN

# Lo ststus indicator:

Loaadl indicatis O when load duitpat & in sorssal. When te had s
i 1 25times of eatad curens For B0 seoonds, oo the losd sssp & 1.5
Hissies o rated curreal S § ssconds overboad), Load indicator
SLOVWLY FLASHING, Whes the luad is shon circuit, Losd indicaios
will FAST FLASHINGL Flease refer s section § fior wouble shooting.

Lioad states LED mdacaior Tahlz 4.3
Indizatin Lol snans
O solid Lo}
O solid OFF
SLOWLY FLASHENG Oreeiload
FAST FLASHENG Slheain Ciseail
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4.3 Setting Operation
# Loadl Work Muse SeiTing

When the controller is poweral on, pres te weling bullis e ol
the beisd cunpiat. Prese the bunos osce, e ONMFF suns will be
chusged corsponling.

® Battery Typs Seiting

Peeia e seming bunon for more thes 5 scconds, hansry inlicals
LED, LEDZ, LED? will ke flashisg cornespondingly. Thes pres the
setting Bullion o choose Sealed, Gel, and Flooded baltery type. The
seflisg i Fims Berd nill the digital nibe: sop Micding

sclortion Tahlc-4
1 Fi 3 EEI Li=
o fad = Sealid lesal scid bamsry
=] =] = el By
oo Flanded banesy
= LED inchraior an “="LED mndicaior off
19
3.2 Trouhbleshooting
Treouble Shaoting Tabke 5-1
Faulis Prmibl rexsms Trembicsboting
Charging LED Y Check that PV and
daytime when dimcomneciam omnocioes mx
warskin falls m ras———
FY rraschelcs
properdy.
flashizg voliage [ir————
dimconneck mdele
gV
Battcry LEDN Haticry Whan load oty is
LRSS erde rawrmal, LED sinkes

SLOWLY voliage willl reiem in OB
FLASHING aviomaally when
felly chaget
Batiery LEDN | Bamery Whan the cortralie
nhcaioe T cut off the osipi
FAST FLASHING. Smcharged lle LED
siziux will rotum o
0N astomatically
when fully chewed

11

5 Protection, Troubleshooting and
Maintenance

4.1 Protection

A Dverlogd
I the hoisdl cursenl seemds The saisaes load cusrenl raling, the
comtroller will doceanzer the lad Overloadisg mus be cleased up
Unrin gl reapply poswes of pressing the sciling bullos.
AL Sl Cirowit
Fually protesisd againn kad wirsg shon-cdeoui. Adie ose ssloimiie
linad] sevonnoct smeng, The Tl mst be clessal by reapply powe o
prcsing e seming button.
Baltery Reverse Palarity
Fully profection sgise banery reverse polasity, o dessge m Se
coiiroller will resull. Cosrest the Ssiowiss W stsune: sofsl operation.
Damaged Lacal Tempersture Senser
I the teng sectsi shorl-ciouited o damagad, the T
will be charging of dscharping al the defaull emperstan: 25T w
prevesl the lansry damaged Som everclesging of over dscharpal
High Vablsge Transicats
FY i protecied apaine high vollsge ramients, b lightsing prone
e, addivional external suppeession is rasossmendall,

n

Lomd LED Over  bmd Fleme rofuce  the
audizasr lood md prom e
SLIPWLY butn  once, B
FLASHING sontrella walll
reweme s work afier
3s
Lomd LED Shot  cim ‘when [+ st
ardicaior shomi~crasil  ocoum,
FART e compeller walll

FLASHING

conizolla wall
rowmme e work afior
3s

Mabes: Mo LED indicame
Masure bubtery vollage with multimeter.
Min 6V cam slart wp the contrellier.

q

Mates: M clarging stetus LED indicator with
mmrnml connection. VMesare the fapel veltage of
sular nmdule, the imput soltage g b higler
than battery vallage!

q

n
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2.3 Maintenance

The Tollowing & i arl i Lills ase dead ar

lesaidl T lisies prev yeswr for best comirolle perfirmance.

& Check that the comrolls i securcly moumad & & dean and dey

VRSl

& Checi That the air Tow and vemilalion sreend e comrnoeller & not
bhncknld Clar all dirt o fragsents om thee i sink.

& Check all the maked wiss 10 Sele s issulilios & o danagped for
scrious solarization, Tractiomal wisar, dryness, inescs o rals Ge.
Maintain of peplace the wivss iF nocessary.

= Tightes all the termmak. Iespeet for oo, Broken, of Burml wire
O,

& Chevl asd conlm St LED Egitl mibe @ osnsigen with sagesal.

Py e b iy (roubleshoating o error indication Take
BECERRATY COMTCURIVE Milion.
« Confirm that &1 the sysiess cong ane growsd 1
Tightly and corely.

13
= Claim procedsre:

Hlefire pequisling warraly service, chiek the Operatios Mamsal o be
certain tha there is o peobless wish the ller. Return the defe
product 1o us with shipping charges prepaid if problem carsol be
solvad, Provide proafl of date ssd place of puschase. To obaain rapad
service under This wasrsry, the reterned products must iselude the
medel, serial e and detsilad rsasos for the faflwe, the sodile
Type sl size, ype of Bunersss s system lud This iformation &
ceitica] 1o & rapid dispusition of your wananty daim

*This warranty docs not apply under the following
condifions:

1. Dumage by secident, negligsce, abuse o improper e
1PV i bl curvem sscending the miligs of product

3. Unsnsorized product modification o atesspred sepaic

4. Damaged oxcuering dusiag shiy

5. Dumage resulls o ot of manene such as lightning, weste

EIREE
B Ieclaiids sechancal damage

= Confirm that o the lermins Bave no cormsion, i lstion damsged,
high temprzature or bursthlbeokesd sipn, thten ksl saews i
The sugpested iargue.

« lenpect fie 4, imects and corromion, sd clear s,

= Chevk amd confm tat Bhinig armester i i pood condition.
Replace & mew o in lime 10 aveid deregisg of the comrller and
even other eyuipmess.

Mates: Dangerous with clectric shaek!
Make sure that &l power seurce of controller is
cul ol when operate above prooees, and deen
mmak s postion or afler operatisas |

6 Warranty

The LandSur chaspe controler s warrssted o be S fnom deles
B 0 prewiond] o TWH{2) yeses from the dese of shipment o the

ongial end user. We will, a1 its optios, repair of replace any such
defztive prmbucts.

14

7 Technical specifications

Elcrizical F Table7-1
Dieseription Parmmetes
i 1Z¥
Mommsinal Syszem Voluge
Bl . WL o the comneller L&Y
Bated Hamery Currenl SA
Chiasyge Cieenit Vohage Drop 026N
Discharge Cireuit Vel ge Deop LISV
Sell-comsungtion =Hma
T Cexificicni Tahic?.3
Description P
Temparature  Compenl i .
CosMeies TEMPOO)® S0 YITIIIV (25T pedld

* (omprasaiion of cguslire, beosi Dol and s velimge discennect
valtage

Ih
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Bty Wltssge Fararmctors {lompeatare 2 2670 )

Table 7-3

Clarging  Paraneas

Banery
clarging Gel
setling

Sealed Fliszded

Uleder
Visluge
Warning
Volage

12v

12V

Larw Voluge
Dt
Valge

1.1

LIV 1wV

Tver Vellsge
Dt 16V
Volage

L&Y {13

Divs harging
Lissit Vieltssge:

sy

a3 IEW

Clarging

Limsic Violtege il

155V 15.5W

Equalize

Dhation

——— 2 hsurs

I Bunirs

Owver Vsltsge
- 15%
Vollage

15 ISV

BHoml
Dhueation

2 hesiirs

2 hoiirs

I Banars

Equalize
Clarging —_—
Volugs

148V 14.EW

Bl
Charging 142y
Wolugs

144V 146V

Floal
Clarging 138V
Valags

133V 13.EW

Boosl

R evasnisst
Charging
Wolage

132y

132V 1321V

Larw Valags
e 128V
Vollage

12.6% 12.6W

Uralier
Vislbigge:
Warfig 122V
Eevonneel

Volage

122v 122V

Envirmnmerial puramicrs

Tabic 74

Emvironmental  paramesisrs

Parssetes

‘Wirlmg enperalin

<33T w551

Enorage Temperbane

-A5 Ul +3070

Houmidiy

105G MIC

Enclosaure

I3

Mechanical Paramcicrs

Table 1.5

Medechanical Parssels

Parammeter

Orverall didiesimisn

73 32 jmba{ 2 & 250 98) min'Ecke

Melonanting dirwssion

BH{3.39) 1 44 1.73) nesfinches

Pebisanling hole size

#5

Terssinal

I Smni®

et weiglt

0.0%5kg

Final interpretstion right of the sanual helngs o sar company_

Amy changes without prise motice?
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Appendix C — Shield LCD User’s Manual

Cyitron

Technologie

Shield-LCD
User’s Manual

V1.0

July 2011

Infq ion ined in this publi ding device applications and the like is intended through suggestion only and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications. No representation or
warranty is given and no liability is d by Cytron Technol Incorporated with respect to the accuracy or use of such

information or infringement of patents or other intellectual property rights arising from such use or otherwise. Use of Cytron
Technologies’s products as critical components in life support systems is not authorized except with express written approval by Cytron
Technologies. No licenses are conveyed, implicitly or otherwise, under any intellectual property rights.
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Cytron ROBOT . HEAD to TOE

Technologie: Product User’'s Manual — Shield LCD

1. INTRODUCTION

The LCD Keypad shield is developed for Arduino compatible boards, to provide a user-
friendly interface that allows users to go through the menu, make selections etc. It consists of
a 1602 white character blue backlight LCD. The keypad consists of 5 keys — select, up,
right, down and left. To save the digital IO pins, the keypad interface uses only one ADC
channel. The key value is read through a 5 stage voltage divider.

Features:
® Operate at 5V
® Uses Arduino LCD4Bit library

Plug and Use with Arduino main board, no solder or fly-wiring needed.

2x16 LCD, White character, Blue backlight

6 push buttons

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved 2
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cythD ROBOT . HEAD to TOE

Technologie Product User’'s Manual — Shield LCD

2. BOARD LAYOUT

A B

AWNAANN

8 LCO Keypad Shield GREEREE®
! ]l a CEEOEECD CEREEEED
7, SR AN "N

'
SELECT LEFTJ N ) RST puR o @
- - p 3
E D
Label Function Label Function

A |LCD Contrast potentiometer D |Reset Button
B [ICSP 5 Push button connect to Analog Input
C |LCD Display L

W

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved
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C ytr OD ROBOT . HEAD to TOE

Technologie Product User's Manual — Shield LCD

3. PIN ALLOCATION

Pin Function
Analog 0 Button (select, up, right, down and left)
Digital 4 DB4
Digital 5 DBS
Digital 6 DB6
Digital 7 DB7
Digital 8 RS (Data or Signal Display Selection)
Digital 9 Enable
Digital 10 Backlight Control
Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved -
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Cytr OD ROBOT . HEAD to TOE
Product User’'s Manual — Shield LCD

Technologie:
4. WARRANTY
F Product warranty is valid for 6 months.

Warranty only applies to manufacturing defect.
Damage caused by mis-use is not covered under warranty.
Warranty does not cover freight cost for both ways.

Y v Y

Prepared by
Cytron Technologies Sdn. Bhd.
19, Jalan Kebudayaan 1A,
Taman Universiti,
81300 Skudai,

Johor, Malaysia.

Tel:  +607-521 3178
Fax: +607-521 1861

URL: www.cylron.com.my

Email: support @ cytron.com.my
sales @ cytron.com.my

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved
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