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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Problem 

An uninterruptible power supply or uninterruptible power source (UPS) is an electrical apparatus 

that provides emergency power to a load when the input power source or mains power fails. The 

UPS performs its functions by the use of batteries. Its batteries can range from a 9 volts battery to 

extremely large and costly battery systems. The UPS is situated between the main and an electronic 

device that needs to be protected from undesired features such as blackout, sags, surges that can 

occur within the power source through the supply to protect from a negative impact (Racine et al., 

2005).  

Power surges are abrupt short time increase in voltage, while sags are intermittent drops in voltage 

between 10% to 90% of the normal power supply and last for between half to a minute (Strods & 

Pecka, 2018). When sags last more than a short duration of one minute, they are generally referred 

to as power brown-out (Guerrero et al., 2007). Power brown-out may be a planned event by an 

electrical utility that is reaching maximum capacity to prevent exceeding power supply or 

unplanned due to external forces (Racine et al., 2005). The last power issue that UPS is designed 

for is a power blackout. Power blackout or outage occurs when there is a complete loss of power 

in a service area that affects many electricity users (Lahyani et al., 2013). The UPS is designed to 

control the aforementioned issues using a Lead-Acid battery.  

A normal Valve Regulated Lead Acid (VRLA) battery has a three to five year service life (Weber 

& Nasiri, 2016). However, a battery's life can be significantly shortened due to a variety of 

environmental, chemical and user-related issues (Hsiao et al., 2014). These are the most common 

errors to avoid in order to get the maximum service life out of UPS battery because without a 

battery, UPS is nothing. So far, the most common known solution provided to prevent UPS battery 

from getting drained to zero level, is for the UPS to alerts the user to switch of the UPS through 

beeps. This solution is not efficient because when there is no one to switch off the UPS, for sure, 

its battery can be completely drained. 

The battery is the heart of any working UPS and it has to be protected to reduce costs. Though 

UPS is cable of protecting other devices, it cannot protect its battery from getting drained to zero 

level in case of a longer power blackout. As such, this project was aimed to develop Automated 

Uninterruptable Power Supply Battery Protector (AUPSBP) to mitigate the challenge of UPS 

batter damage due to power drainage during power blackout.  
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should be sought (Palamar, 2020). Therefore, designing an effective standalone system that can 

cost the institution less than the cost of one UPS is a great way to reduce the cost. The proposed 

system shall protect the UPSs batteries by monitoring the flow of power to the UPS from the mains. 

Once the supply of the power to the UPS is detected off by the sensor, the system will trigger a 

relay and start counting down towards the shutdown. When the specified time elapses before power 

is supplied to the UPS from the mains, the system will shut down the UPS to protect it from having 

its battery drained to zero level. The system shall also monitor the voltage produced by the UPS 

battery. Once the voltage produced is less than the recommended voltage, the system sends a 

message to the concerned person and it cuts off the power supply to the load so that the battery 

cannot be completely drained up.  

The proposed system has high-cost benefits. The system will reduce the costs of maintenances 

because it is able to protect against over-draining of batteries, failure to protect the loaded 

electronic devices, buying new UPS because battery issues shall be detected earlier enough, 

therefore, allowing UPS batteries to perform to the maximum as designed to be. 

The development of the Automated Uninterruptible Power Supply Battery Protector project 

deployed the use of cheap components such as sensors and wireless communication protocols. The 

decision for cheap components significantly reduced the cost of the development which is the main 

aim of embedded systems: To increase performance at a low cost in comparison to other existing 

systems. The developed system is capable of performing both effectively and efficiently its 

intended functions without any issues. Therefore, these benefits outweigh the costs of developing 

and implementing the proposed developed system. 

1.4 Project Objectives  

1.4.1 Main Objective  

To develop an Automated Uninterruptable Power Supply Battery Protector for deployment at 

Tanzania Atomic Energy Commission headquarter located in Arusha region. 

1.4.2 Specific Objectives 

(i) To identify requirements for developing an Automated Uninterruptible Power Supply 

Battery Protector.    

(ii) To design and develop an Automated Uninterruptable Power Supply Battery Protector. 

(iii) To validate the developed Automated Uninterruptible Power Supply Battery Protector. 
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CHAPTER THREE  

MATERIALS AND METHODOLOGY  

3.1 Materials Collection 

The study involved ceramic raw materials from Tanzanian deposits called Pugu kaolin from 

Pugu Dar es Salaam, Same Clay from Same Kilimanjaro, and Vermiculite from Kalalani 

Korogwe Tanga �D�Q�G�� �0�L�N�H�V�H�� �D�W�� �1�\�D�Q�J�¶�Z�D�P�E�H�� �Y�L�O�O�D�J�H�� �L�Q�� �0�R�U�R�J�R�U�R�� �U�H�J�L�R�Q�� Pugu Kaolin 

sample was collected from the Pugu Hills, 35 km west of Dar es Salaam, Same Clay and 

feldspar from Same, Kilimanjaro region in the northern zone of Tanzania, and Vermiculite 

samples were collected from kalalani village south-east of Korogwe Tanga and in Mikese at 

�1�\�D�Q�J�¶�Z�D�P�E�H���Y�L�O�O�D�J�H���L�Q���0�R�U�R�J�R�U�R���U�H�J�L�R�Q�� 

  

Vermiculite, Mikese Morogoro Same clay, Same-Kilimanjaro  

  

Vermiculite, Kalalani Tanga Pugu kaolin, Pugu Dar- es Salaam 

Figure 1: Pictures of raw materials collected 
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Figure 2: Map of Tanzania showing location of ceramic raw materials studied. 

3.2 Materials Preparation 

Pugu kaolin (PK), Same clay (SC), Kalalani vermiculite (VK) and feldspar (F) were crushed 

by using a WEDAG JAW GRANULATOR to reduce their sizes; afterward, they were milled by 

using stainless steel ball mills for the duration of 3 hrs for each sample. The powder size of 

the raw materials with less than 106 µm was achieved by using sieve shaker (Model RX-29-

10 digit) manufactured by W, styler Inc. in the United States of America and a sieve shaker 

(Model AS200 digit) manufactured by Retsch Inc. Germany.   

3.3 Determination of the Chemical Composition of Ceramic Raw Materials 

The chemical composition of Pugu kaolin, Same clay, and vermiculite were done by using X-

Ray Fluorescence (XRF) PANalytical, Model: Minipal4 (PW4030)-Rh X-Ray Tube, 30 kV, 

0.002 mA. The XRF results are presented in Table 4. 

1 

2 

3 
4 

1. Same clay and feldspar 
deposits  

2. Kalalani vermiculite 
deposit 

3. Mikese vermiculite deposit 

4. Pugu kaolin deposit 
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boiling (Ws) was recorded. The water Absorption (A) was calculated by the expression given 

below (ASTM, 1999).                 

 

 

3.7.2 Apparent Porosity 

The dry weights (Wd) of the sintered porcelain samples were taken before the samples were 

boiled in distilled water for 5 hrs. The porcelain samples weight after boiling (Ws) was 

measured. The porcelain samples were then suspended in water using beaker placed on a 

balance. The suspended weights (Wsp) were then measured. The expression for apparent 

porosity is given by the equation (ASTM, 1999). 

 

3.7.3 Bulk Density 

The dry weights (Wd) of the sintered porcelain samples were taken before been boiled in 

distilled water for 5 hrs. The porcelain samples weight after been boiled (Ws) were recorded. 

The porcelain samples were then suspended in water using a thin thread in a beaker placed in 

a balance. The suspended weight (Wsp) for each porcelain sample was measured. The bulk 

density, B (g/cm3), of the specimen, was calculated from the equation (ASTM, 1999). 

 

 

3.8 Mechanical Properties Testing 

3.8.1 Linear Shrinkage 

The length before firing at this stage was taken as dry length (Ld). The samples were then 

fired to 1200 to 1250�(  for 1.5 hours. The samples were cooled to room temperature and the 
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fired length (Lf) was recorded. Then the linear shrinkage was calculated from the equation 

below and expressed as a percent according (ASTM, 1988). 

 

 

3.8.2 Bending and Compressive Strength Measurement 

Bending and compressive strengths were measured at Twiga Cement Company Limited in 

Dar es Salaam, Tanzania by compressive strength tester (Model MEGA 10-200-10 DS) 

manufactured by Prufsyteme Inc. in Germany, 2001. The bending and compressive strength 

testers were calibrated by Tanzania Bureau of Standards (TBS). Bending strength results 

were obtained by a three-point testing. The load was applied uniaxially on porcelain 

rectangular samples until failure occurred. Then the rectangular porcelain samples were 

placed on a compressive tester and load was applied uniaxially by turning the hand wheel 

until failure occurred. The manometer readings for bending and compressive strength were 

recorded in MPa.  

3.9 Dielectric Strength Measurement 

The dielectric strength test was done at Tanzania Electric Supply company limited 

(TANESCO), head office in Dar es Salaam. The dielectric strength test was done by DC high 

voltage tester (Model Megger 220163-47) manufactured by Biddle Instruments Incorporation 

in the USA having a maximum output voltage of 160 kV.  The dielectric tester is calibrated 

by Mark L from Biddle Instruments Incorporation in the USA. During dielectric strength 

measurement, the voltage was applied to the sintered porcelain sample using two electrodes 

at the rate of rising of 1 kilovolt per second until a cracking sound was heard from the 

porcelain sample. The reading for each test porcelain sample was recorded in kV/mm.  

 

 

 

 

 

 
 
 








