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ABSTRACT

This research shows the phenomena of fluid flow between the air and gas mixture in the ¢cyclone
synthetic gas burner. The observations focused on the phenomenon of turbulence intensity,
turbulent kinetic energy, and the flow velocity of air and gas mixing synthetic variation of the
position due 1o cyclone inlet gas burner with modeling using ANSYS FLUENT. Observations
mixing phenomena modeling is used to view the most optimum design for the cyclone discharge
gas burner with a constant flow of air and synthesis gas respectively 5.5x 10-4 =% /s and 4.7 x
10-4 ™ /s Synthesis gas is a product of rice husk biomass gasification-type fixed bed downdraft
gasifier with a composttion of 50% N ;, 3% CH 4 18% H , 19% CO and 10% CO ».

Keywords:

Cyclone gas burner, turbulent kinetic energy, synthetic gas, fixed bed downdraft, rice husks.
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ABSTRACT

Hydrogen industry sector is one of the important industrial sectors. However,
the hydrogen industry consume the most electrical energy due to the production using
the process of electrolysis. Plasma elecirolysis process is similar with electrolysis
process, but it is done with high enough voltage until the electric spark is formed
producing the plasma on the electrolyte solution. The plasma will produce reactive
species such as radicals on large amount which are accelerated by the sharp potential
gradient and have enough kinetic energy to induce unique chemical changes in agueous
solutions, so it is able to increase the formation of products in solution several more
times than the Faraday electrolysis process. Plasma electrolysis is a method that can be
applied in the production of hydrogen and can reduce energy consumption several
times.

This research is aimed to observe the plasma electrolysis method to produce
hydrogen gas and measure the electricity consumption needed in hydrogen production
process. The research is conducted by using plasma electrolysis reactor completed by
clectrodes and cooling system. The result of this research shows the highest of hydrogen
gas production is about 31.45 mmol/minute at 700 V and 0.01 M NaOH solution with
methano! additive. Electricity consumption reaches 0.89 kJ/mmol of hydrogen gas
which is 152 times less than electrolysis Faraday.
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ABSTRACT

Compressor Is one of mechanical equipment which is used fo increase pressure In
compressible fluids like air or gas. In its development, Compressor as one of mechanical
equipment has experienced evolution and change in term of work process and system as a

© result of jfast technology advance. The expander is scroll compressor supplied by Sanden
- having high efficiency and could be used in Organic Rankine Cycle. The patented scroll

" machine TRSA 90 is designed for power production by the expansion process with
. specifications of 83.7 cc/rev volumetric displacement. Plafe heat exchanger Brazed plate
.- 'type were used for evaporator and condenser. A magnetic pump was usede to circulate R-

134a as the working fluid.
1. Introduction
1.1 Background

Indonesia has a rapid increase in the national daily consumption especially in the
fieid of electrical energy and has been developing sources of renewable energy, including
solar energy. Energy scarcity is a classic problem faced by each country in the world
especially Indonesia. Indonesia government always iry to organize energy policy each
year. One of the examples is national energy policy which is appointed as the foundation to
develop and increase the capability of energy in the future and also called energy mix.
Energy mix policy consist of this following quota : coal 32.7 %, natural gas 30,6%,
petroleam 26,2%, water 2,4%, geothermal 3,8%, and others 4,4%. {1]

Even, with that pelicy in order to keep the availability of energy source in the
future, energy crisis still hamper Indonesian people. Indonesian people have high
dependence to fossil fuel nowadays. The production of fossil fuel in indonesia is declining
each year due to run out sources.

Due to the consumption of fossil fuels and environment problems, the low-grade
energy recovery technique has brought many interest. Scroll machine with the high
efficiency, simple structure and small scale, is used as compressor in the refrigeration
system and heat pump system. Scroll expander could be used as the energy recovery
machine in the small energy recovery system and normally applied in the low-temperature
waste heat recovery system. Most of the research on scroll expander is concentrated on the

steady performances either simulation or experiment.
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I. EXECUTIVE SUMMARY

2.
3. TEAM MEMBERS

TITLE OF RESEARCH : Identifying high permeability zones based on surface
roughness criterion to expand an existing geothermal exploitation area using
Polarimetric Synthetic Aperture Radar (PolSAR) techniques

HEAD OF RESEARCH TEAM  : Asep Saepuloh, 5.T, M.Eng, Dr. Eng

v Arif Susanto
v Diky Irawan
¥ Dinul Akbari
v

Reyno Rivelino
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EXTENDED ABSTRACT

Spatial mapping of geothermal-resource potential with an accurate detection of steam
spot using remotely-sensed technology requires quantification of physical parameters
of surface manifestation related to geothermal system. Synthetic Aperture Radar (SAR]}
remote sensing, the only useful observation and monitoring technology that can be
undertaken in any weather condition, measures hackscattering powers returned to a
satellite sensor. The backscattering is mainly controlled by the surface roughness that
is related to rock types. Resistance to the geological processes such as weathering,
erosion, and alteration is different with rock type, which causes a dependence of the
surface roughness upon rock type. The backscattering is also affected by dielectric
permittivity and magnetic permeability of the ground surface. The purpose of this
study is to develop methods for quantifying the surface roughness from the SAR data
and detecting surface manifestations of geothermal based on the roughness. A surface
roughness dataset by ground-truthing in a geothermal field using a profiler of 30 cm
length was used to verify the estimated roughness. Detrending and interleaving
techniques of the surface profile were applied to quantify accurately the surface
roughness. Correlations of the measured surface roughness with the polarized
backscattering intensity and the incidence angle were investigated, which was finally
used to make a physical model by a curve fitting of 269 data points. The resultant
model was applied to map a spatial distribution of the surface roughness overa 72 km2
area in the Wayang Windu geothermal field, West Java, Indonesia using two scenes of
Full Polarimetric mode of the Phased Array L-band Synthetic Aperture Radar (PALSAR)
onhoard Advanced Land Observing Satellite (ALOS). Bath the ground-truthing and the
SAR roughness data indicated that the roughness increased and decreased gradually
towards the altered surface manifestations. The rock types and thermal intensities of
hydrothermal fluid controlled the surface roughness in general. For lava and pyroclastic
rocks, hydrotherma! fluids have altered the rock matrices into clay minerals that are
easily eroded. The rock fragments are more resistant than rock matrices at ground
surfaces. Conseguently, surface of the altered rocks becomes rough than the intact
rocks in general. For tuff and lahar deposits, hydrothermal fluids have altered all the
rock compositions into clay minerals and produced flat surfaces.
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5. EXTENDED ABSTRACT

Recently an issue of global warming as a result of increase in C0z released to the

atmosphere rise an awareness to the possibility of the reduction in worldwide

agricultaral production. We investigated short term growth responses of cassava
(Manihot esculenta L. Crantz} as an impoftant agriculural commodity in Indonesia,
to elevated CO:z level. As a comparison we also examine the effect to sweet potato
(Inomea batatas L. (Lam]}}. The plants were exposed to C0Oz concentration of 612
ppm, 777 ppm and 959 ppm, beside a control of ambient C0z concentration of 298
ppm. After 7 days of exposure, plants growth in terms of leaves number, leaves
area, number of hranches, plant weight, shoot and root length, were mastly
increased after being exposed to elevated C0z concentration. However elevated
0z reduced chlorophyll concentration in both plants. It seems that elevated COz
could have a positive impact to plant growth in short term, but in long term that

may not necessarily the case as the chlorophyll content of the plant was reduced.

6. LIST OF RESEARCH OUTPUT

We have submitted an abstract for oral presentation to International Conference on Food
and Agriculture Technologies {ICFAT 2017) that will be held in January, 16-18, 2017 in
Bali. We are also going to submit a full paper for publication later on {deadline in
November 10t 2016. |




RESEARCH REPORT
OSAKA GAS FOUNDATION OF INTERNATIONAL CULTURAL EXCHANGE

(OGFICE)

Research Title
Development of Green House Gas Emission Factor from Peat
Fire Emission in Indonesia

Principal Investigator:

Ir.Puji Lestari, Ph.D

Academic Unit
Research Division: Research group of Air and Waste Management

Faculty/School: Faculty Civil and Environmental Engineering.

INSTITUT TEKNOLOGI BANDUNG
2016




I. IDENTITY PAGE

1. Tide

Development of Green House Gas Emission Factor and Particulate

Characterization from Peat Fire Emission in Indonesia

2. Relevance of Topic

(select the approprate topic)
3. Research Pedod

4.1 Pdncipal Investigator

a. Full Name

b. Academic Rank
c. NIP

d. Current Position
e. Academic Unit
Engineering

f. Office Address/Phone/Fax/E-mail :

a. Technologies concerned with natural gas

b. Global environmental problems

November 2015 — November 2016

: Ir. Puji Lestan, Ph.D
: Lektor Kepala/ IVB
: 196005271988032001

: Associate Professor
: FTSL-ITB (Faculty of Civil & Env

40132/022-2502647/pujilest@indo.net.id
g. Home Address/Phone/Fax/E-mail : Setraduta K5/29, Bandung 40151,
022-2003346/ pujilest@indo.net.id

42 Members of the Team

JI. Ganesha No. 10 Bandung

Name and Academic Field of Alocation of Time
No Institution
Rank Experties Hits/week | Months
43  Research Assistants/Students (mention names when available):
Alocation of Time
No Name Departement and INIM
Hrs/week | Hrs/week
1. Wiwiek Setyawati, MT | Env Engineering 35311004 12 10
2 Seny Damayanti, ST Env Engineering 25314716 10 6

5. Approved budget

Head of Academic Unit (Dean of FISL)

Prof.Ade Sjafruddin, Ph.D

NIPR 196009031987031002

: Rp. 52,000,000

Bandung, 24 October 2016

Principal Investigator

Prof. Puji Lestari, Ph.ID

NIP. 196005271988032001




I. EXECUTIVE SUMMARY

1. TITLE OF RESEARCH: Development of Green House Gas Emission Factor and
’ Particulate Characterization from Peat Fire Emission in

Indonesia

2. HEAD OF RESEACH TEAM: Prof. Puji Lestari, Ph.D

3. TEAM MEMBERS: -

4. OFFICIAL ADRESS: JI. Ganesha No. 10 Bandung 40132

5. EXTENDED ABSTRACT:

The aim of the research is to develop green house gases emission factors from peat fire emission’

in Indonesia as well as to develop source profiles and to enrich the database that is scientifically
interests for Indonesia in particular and the region in general. Peat were sampled from five
different locations and four different peat depths in West Kalimantan by using Eijelkamp peat
sampler. Based on the ultimate analysis it was found that Pontianak peat had an average carbon
content of 57.09 £ 2.20% (dry) in the range of 52.85 to 59.43% (dry basis). Laboratory
experiments were carried out by burning small amout of peats in a mini furnace and measuring
their CO,, CO and CH: emission concentration during two different combustion phases i.e
flaming and smoldering. Background concentrations were measured during precombustion.
Field measurements of smoke concentrations were conduc_ted during peat fire in Pulang Pisau,
Central Kalimantan in 2015. Background concentration in field was carried out in Palangkaraya
city, Central Kalimantan six months after peat fire ceased to ensure there was no influence of
peat fire emission in the sampling arca. The results of measurements in the laboratory showed
the linear regression equation between the mass fraction of carbon and CO, emission factor
during flaming conditions was: Y = 3630.4 X + 15.428; R* = 0.9801 (p=0.000) for 0 <x < 1;
where Y was the CO; emission factor (g/kg) and X is the mass fraction of peat carbon. While the
linear regression equation obtained during smoldering conditions was: Y = 2708 X + 284.606; R?
=0.2059 (p = 0.0673) for 0 < X < I; where Y was the CO emission factor (g/kg) and X was the
mass fraction of peat carbon. The higher the carbon content of peat then the greater CO,
emission factor either during flaming or smoldering combustion stage. The results of
measurements in the laboratory showed the linear regression equation between the MCE and
CO; emission factor during smoldering conditions was: Y = 1928.8 X + 106.05; R* = 0.6483 (p
= (0.000) for 0 < x < 1, where Y was the CO; emission factor (g/kg) and X was the MCE. The
higher the value of MCE, the higher the combustion efficiency and resulting in greater CO;
emissions. The results of measurements in the laboratory showed a simple linear regression
equation between MCE and CO emission factors in flaming conditions was: Y = -1705.2 X
+1705.1; R* = 0.9801 (p = 0.000) for 0 <x < [; where Y was the CO emission factor {g/kg) and
X was the MCE. While the linear regression equation obtained in smoldering conditions was: Y
= -1302X +1302.3  : R* = 0.6483 (p = 0.000) for 0< X < 1; where Y was the CO emission
factor (g/kg) and X is the MCE. The higher the MCE, the more complete combustion was,
therefore the CO emission factors in both flaming and Smoldering conditions would be Jower.
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Results of laboratory measurements showed the significant influence of type of combustion

stage with emission factors and MCE. The average CO, emission factor in smoldering condition
was about 88% of its average flaming conditions. Average CO and CH; emission factors in the
" flaming condition was about 2.25% and 0.84% of its average in smoldering ones. The results of
field measurements show a simple linear regression equation between CO, emission factors and
MCE obtained in flaming condition was: Y =2160.9 X - 100.57; R* = 0.9695 (p=0.015)for 0 <
x < 1, whereas for Smoldering conditions was: Y =2103 X - 51.443; R” = 0.9748 (p = 0.000) for
0 <x <1, where Y was the CO, emission factor (g/kg) and X was the MCE. From the graph it
can be concluded that the higher the MCE, the higher the combustion efficiency will be and
more complete combustion was achieved resulting in lower CO emissions. Results of field
measurcments showed a simple linear regression equation between CO emission factors and
MCE obtained in smoldering condition was: Y = -1210 X + 1214.8 (p = 0.000), whereas for
flaming condition was: Y = -1304.7 X + 1304.8 (p = 0.000), where Y was CO emission factor
(g/kg) and X was the MCE. The higher the MCE, the higher combustion efficiency and more
complete combustion achieved resulting in lower CO emissions. Based on the comparative
analysis it can be concluded that the average emission factors of CO, CO, and CHy during
smoldering stage in laboratory measurements were not the same as the results of field
measurements. The average CO, emission factor during smoldering combustion stage in the
laboratory measurements was about 15% higher compared to measurements in the field, while
the average CO and CHy emission factors during smoldering stage in field measurement results
were approximately 55% and 30.9% high, respectively compared to the results of
measurements in the laboratory. This was because the average MCE during smoldering stage for
measurements in the laboratory was higher at about 117% of the average measurements in the
field. The relationship between CO, emission factor during smoldering combustion in the
laboratory experimental results and in the field was expressed in the equation: Y = 0.9411 X -
144.2; R* = 1, (p = 0.000), where Y was the CO, emission factor during smoldering stage
measured in the field measurements and X was the CO, emission factor during smoldering stage
measured in the laboratory. The relationship between the CO emission factor during smoldering
combustion in the the laboratory experimental results and in the field was expressed in the
equation: Y = 0.8524 X + 1.1443; R*= 1, (p = 0.000), where Y was CO emission factors during
smoldering stage measured in the field and X was a CO emission factor during smoldering stage

measured in the laboratory.
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EXECUTIVE SUMMARY

Bogor Agricultural University (IPB) is one of the biggest universities in Indonesia.
There are around 24,000 students and faculty members at this university every year.
This has resulted into generation of a significant amount of solid waste (both organic
and inorganic) in the University. An estimated 5,310 m? of solid waste was revealed fo
be generated by the University monthly. However, it is still a big challenge in the
implementation of an effective management approach for the ever growing amount
of solid waste. Inadequate labors and facilities especially insufficiency of garbage
bins has resulted significant amount of papers, leffover foods, food packaging
materials, plastic bags and other plastics are scattered around the Universities’
compound. This made the University compound stinky and disgusting and it attracts
a large number of flies (disease vectors), threatening the health of the people in
University and it surroundings. This study is intended to estimate the number of

garbage bins needed in each unit and its proper location to maximize its function.
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EXECUTIVE SUMMARY

Aquatic weeds is one of untapped renewable energy source and can be found easily in
the nature especially in eutrophication lake. There is very high abundance of aquatic weeds

causes negative effect for aquatic, that can cause disruption of the organisms and siltation of

- the lake. Situ Perikanan lakes around Bogor Agriculture University are covered by Salvinia
sp. (kiambang). Sustainable management and utilization is need to minimalize the impact.
" One of the solutions to minimalize impact is use the Salvinia sp as a source of energy based
on biomass. Salvinia sp material has advantages because its high abundance. The research
aims are determine potential of Salvinia sp substrate, volume gas production, and gas
composition of aquatic weed biogas. Substrate Salvinia sp are taken from Situ Perikanan

- lake, Bogor Agricultural University. Anaerobic digestion process is used for converting

biomass into biogas especially methane by ruminant bacteria. Ratio of substrate is 1:1 |
('.{Nat:ér and Salvinia sp) in batch system. Digester capacity is 30 liter and operated in lab
'.'&':;Cal'e' with uncontrolled pH and temperature conditions. Gas volume and composition are
. 'r.ﬁ.éa.su'fed by gas flow meter and chromatography method. Methane energy is produced to

N _bef o‘he'_"bf the sustainable living alternative energy in Campus. If that is used on sustainable

-

Ié?g:e:_'é_éale it will be minimalize impact eutrophication and blooming Salvinia sp while use as
._.:':-(jiog_és._The results shows that Salvinia sp. has high lignin content thus it's hard to degrade.

e Durlng the research, VFA accumulated and caused increased COD and insignificant

. decreasing of TS and TVDS. But the biogas volume productions and methane
-'-::'c'_o"rice'htrations are quite high, thus Salvinia sp. suitable to be used as an alternative source
: of energy.
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EXECUTIVE SUMMARY

Design and Performance Test of Non Odorous and Low Maintenance

(NOL) Composting Bin Prototype

Arief Sabdo Yuwono, Yanuar Chandra Wirasembada, Joana Febrita

Dept. Of Civil and Environmental Engineering, Bogor Agricultural University (IPB), Indonesia
Campus IPB Darmaga, PO Box 220 Bogor, 16002 INDONESIA

Solid waste management usually generate new problems, not only environmental
concerns, but social concerns as well. Until the present time, IPB (Bogor Agricultural
University) as one of the biggest academic institutions in Indonesia, are against these
problems, especially in odorous impacts which are generated from open dumping. Solid
waste management practices in IPB are sfill limited to merely collection (without any
separation for its composition), transport and disposal {open dumping). The objectives of
this research are to design and develop a non-odorous and low maintenance (NOL)
composting bin prototype based on the generated waste, to carry out performance test
of the composting bin and to test the compliance of the resulted compost (using nationall
standard: SNI 19-7030-2004). Based on the research, the average of waste generation in
IPB Dramaga was 0.04 kg/capita/day, where the average of waste density was 106.3
kg/m3. The main fraction of waste composition are plastic (32%), paper (28%), and food
scrap (23%). The design of the composting bin prototypes were built into three different
fypes. They were CB1 (covered by roof), CB2 (same with CB1 but without roof) and CB3
(without roof and using natural static pile composting system). Based on temperature test,
odour emission test and compost performance test in three models of composting bins,
CB3 was the most suitable composting bin to be implemented due to its great
performance test. Composting bin was designed using natural static pile composting

system, where the volume of composting bin was 7.5 m? per batch with minimum area of
64.5 m2,
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C. Pencapaian Keseluruhan
Overall Achievement
Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki..
Describe the achievements in relation to the original objectives, hypothesis and research
problems.

The obiectives of the research are as follows:

1.To determine/characterize physical properties (index properties) of the Dihydrate calcium sulfates
(gypsum) and classifies them according to the Unified Soil Classification System (ASTM, 2011).

2.To determine the {otal and effective strength parameters of the calcium sulfate. The strength
parameters will be explored at their peak and critical (residual) strength states. The investigation will
generate the parameters used for the stability analysis of the residue storage facility (RSF) and future
troubleshooting purposes.




The research experiments carried out:
Series of experimental testing have been conducted for gypsum powder. Commercial gypsum powders is
used as to simulate solid waste produced from Flue Gas Desulphurisation (FGD) and Neufralisation
Underflow (NUF) industrial process as used in Rare Earth Elements Processing Plant. The commercial
gypsum powder is sourced from Siam Gypsum Plaster. XRF test indicates that the commercial powder
indeed contains 99.7% gypsum. The foflowing experimental testing have been conducted:
1. To achieve objective no 1:

a. Index tests: Specific gravity, particle size distribution, Liquid limit to classify the gypsum powder

according to Unified Soil Classification System (USCS)

b. X-ray Fluorescense analysis (done at Universiti Putra Malaysia)

c. Scanning Electron Microscopy (SEM)
2. To achieve objective no 2:

Series of Triaxial Consolidated Undrained (CU) tests have been performed.

Pencapaian Utama
Key Findings

The research reveals strength behaviour of gypsum powder that is quite different compared to silicate
mineral soils {(e.g. sand, silt, clay). It hydrates and produce strong bonds when mixed in paste
consistensy. However in saturated consistency such as investigated in this research, it creates a low
density (porous) structure with weaker bonds. The Triaxial CU tests show that that the material appear o
behave some peak strength, i.e. dilative behaviour rather than contractive behaviour. This perhaps
attributed due to the bonds produced during the hydration.

From the observation, the strength behaviour of gypsum can be categoriezed info two regimes:
structured and destructured. The structured regime is much affected by the strength resulted from the
crystallization or cementation of the gypsum. The structured regime terminates at a certain confining
pressure and then the behaviour of gypsum change into destructured regime. At this regime, the strength
of the gypsum is mainly affected by the internal friction.
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Please tick the relevant items below:
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Internal technical/serial papers
Tesis/disertasi pelajar sarjana 1
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Student’s PhD thesis
Kertas persidangan tempatan -
Local conference papers
Kertas persidangan antarabangsa -
International conference papers
Makalah dalam jurnal tempatan -
Local journal papers
Makalah dalam jurnal antarabangsa 1
International journal papers
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As a conclusion, a temperature remote confrolling of a clean room system is successfully
created. A simple wireless networking used to control the temperature is successfully created
and it is successfully communicated with SIM900A GSM module and Arduino UNO
microprocessor that used to monitor and load the temperature reading from LM35 temperature
sensor is successfully configured.

In this project, the Arduino UNO microprocessor is programmed to load all the content from
LM35 temperature sensor, Zighee and SIMY00A GSM module. This microcontroller would
retrieve the value of the LM35 temperature sensor and if the value of the temperature is exceed
the threshold that has been set up the microprocessor will send the data to SIM900A to notify the
user by sending the SMS.

Pencapaian Utama

Key Findings

In this research, a remote monitoring and controlling system using a smartphone is successfully
developed. A wireless networking used to control the temperature is successfully developed and
a successful communication is established between SIM900A GSM module and Arduino UNO
microprocessor that is used to monitor and load the temperature reading from the LM35. The
Arduino UNO microprocessor is also successfully programmed to load all the content from the
ILM35 temperature sensor, Zigbee, and SIM900A GSM module. A user-friendly controlling
system based mobile phone control and are designed and implemented.
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.. Tinal thesis project was produced entitled: ‘AMBAL SHELL CATALYST FOR SUSTAINABLE
BIODIESEL PRODUCTION VIA ESTERIFICATION AND TRANSESTERIFICATION REACTION”.
Biodiesel has emerged as a prominent source to replace petroleum diesel. Conventionally,
transesterification reaction utilized homogenous catalyst as it yields biodiesel satisfactorily and require
low reaction time. However, it possesses main hindered element in the downstream process that required

additional purification process to excrete glycerol, catalyst, and alcohol. Thus, it leads fo high-energy




reguirement, a lot of water wash utilization and necessity of wastewater treatment. In this study,
conventional catalyst which is homogenous is substitute with heterogeneous catalyst. The aim of this
study was to analyze the catalytic performance of ambal shell waste derived catalyst to obtain mineral
diesel. Ambal shell was prepared by calcination process for conversion of calcium carbonate to calcium
oxide at 900°C. Then, catalyst was analysed using Scanning Electron Microscope(SEM), Fourier
transform infrared spectroscopy (FTIR) and Brunauer, Emmett, and Teller (BET) respectively. Utilization
of waste cooking oil as biodiesel feedstock is widely studied to lower down the production cost of
biodiesel. Biodiesel was synthesized through esterification followed by transesterification reaction. The
optimum yield of biodiesel obtained was 94% at temperature (65°C), amount of catalyst, (2.5%),

methanol to o1l molar ratio ( 12:1), speed,250 rpm and reaction time 3.5 hours,

Evaluation of biodiesel;

A gas emission analysis on diesel and biodiesel blending (BS and B20) had been conducted to compare
the harmful exhaust emission potential produced during combustion. During the experiment, four types of
gaseous are detected from the smoke emission fuels. They are carbon monoxide (CO), nitrogen oxide
(NO), and nitrogen dioxide (NO2).Table 4.9 shows the result of the gas emission composition in the
smoke atter combustion of each type of fuels.

The result from Table 4.9 shows that the CO produced from diesel is higher than biodiesel blending
which is 1200ppm. CO emission in the blends of the biodiesel is lower than that of the diesel due to the
less carbon content in the biodiesel blend compared to diesel(Sharma et al, 2014). The outcome also can

be observed from a higher concentration of CO in B5 compared to B20.

Table 4.9: Gas Emission Composition in the Smoke after Combustion of Fuels

Gas emitted (ppm)
Fuel
co NO NO, NOMNOy+ INO)
Diesel 1200 17 04 20
B3 1014 20 09 209
B20 841 24 21 26.1

NOx emitted from biodiesel blending (B5 and B20) combustion are higher than diesel fuel. As reported
by Tan et af (2015b), the high oxygen content in biodiesel has risen up the problem of higher NOx
emission. Whilst, the increased of NOx level may be due to high temperatures in the combustion chamber

to burn the biodiesel up to its flash point (Giakoumis et al., 2012).

Pencapaian Utama

Key Findings




Razor shell a biomass product was found as a catalyst for production of biodiesel.
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C. Pencapaian Keseluruhan
Overall Achievement
Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki..
Describe the achievements in relation to the original objectives, hypothesis and research
problems.

In consonance with the objective of the project to produce an effective monitoring system; an
easy to use, wearable, measureable to high frequency asynchronously, two modules have been
developed; waist module and shoulder module of heaith monitoring system. They are used to
measure human body parameter, monitor human health and provides cloud system to send data
through remote places.

The research has been done by two undergraduate students of Year 2015/2016 as their I'inal
Year Project. The research is divided into two sections, the software and hardware. The
microcontroller used in this project is Microchip PIC32. Each student has completed their thesis
with title;

1. Wearable Devices in BAN System for Health Monitoring Purpose




2. Operating System in Early Cardiac Monitoring System using BAN System
The outcome product has been awarded with a silver medal in UNIMAS Innovation Technolo %y
Expo 2016 on 23-24th May 2016 and a bronze medal in Malaysia Technology Expo on 16-18'
February 2017 in Kuala Lumpur.

Continually another two undergraduate students of Year 2016/2017 have developed two
monitoring system by using Arduino UNO. They have completed their thesis with title:

1. Real-time Remote Monitoring System Using Arduino for Cardiac Disease Patient

2. Wearable Body Posture Monitoring System
The outcome product has been presented in UNIMAS Innovation Technology Expo 2017 on 17-
18th May 2017 and has been awarded with a silver and a bronze medal.

D. Pencapaian Utama
Key Findings
1. Development of three health momtoring systems:
a) Early Cardiac Monitoring System using microcontroller PIC32.
b) Cardiac Remote Monitoring System Using Arduino
¢) Wearable Body Posture Monitoring System
2. Two journal publications:
a) Journal of Applied Mechanics and Materials, ISSN: 1662-7482, Vol. 833, pp 185-
189/ do1:10.4028, 2016.
Wrist Module as an Applied Health Monitoring System in Wireless Body Area
Network System
b) Journal of Applied Mechanics and Materials, ISSN: 1662-7482, Vol. 833, pp 179-
184/ doi:10.4028, 2016.
Revelation of Body Behavior Based on Arm Motion Measurement in Wireless Body
Area Network System
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Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki..
Describe the achievements in relation fo the original objectives, hypothesis and research
problems.
Adding fine micron sized lokan powder into unsaturated polyester resin may increase
mechanical properties of the composites. The results indicate that including aragonite CaCOs
derived from lokan shell powder in all micron sizes (29.84 -- 636.87 um) greatly improved the

stiffness of the composites. The stiffness or elastic modulus of aragonite CaCOs3/UPE




composites appeared to increase with tensile, compressive and flexural loadings more than
unfilled or neat UPE resin. The stiffness increased as the filler size decreased and the filler
content increased. Adding aragonite CaCOs5 particles into the UPE matrix also improved the
composites’ tensile strength and compressive strength, but not flexural strength. The strength

enhanced as the filler size decreased and filler content increased.

Pencapaian Utama
Key Findings

The findings from this research motivate us to explore potential application of lokan shell
powder.

Finding 1. The lokan shell powder is in the form of aragonite

Aragonite is a useful biomedical material because it is denser than calcite (commercial CaCOs3)
and can be integrated into, and mend and replace bones (Stupp & Braun, 1997). This valuable
polymorph of natural CaCO; is used to produce scaffolds to repair bone (Awang-Hazmi et al.,
2007).

Finding 2. Biomedical applications

Hanna et al. (2011) studied the characterization of different types of ceramic filler infused into
UPE resin. According to their study, CaCO; powder with less than 53 pm size and in the range
of 3-15 wt% exhibited the best mechanical properties for biomaterial application compared with
other fillers, such as CaO, MgCO; and MgO. However, our resulis reveal that adding 8 wit% of
lokan powder into unsaturated polyester gives compatible result with 15 wt% commercial
CaCO, as Hanna et al did. It is expected that by adding lokan powder filler content up to 15 wt%
as Hanna el at. (2011) did, both tensile strength and tensile modulus may be quite similar or
better.

References:

Awang-Hazmi, A., Zuki, A., Noordin, M., Jalila, A., & Norimah, Y. (2007). Mineral
composition of the cockle (Anadara Granosa) shells of west coast of peninsular malaysia
and it’s potential as biomaterial for use in bone repair. Jouwrnal of Animal and Veterinary
Advances, 6(5), 591-594. :

Hamna, W. A., Gharib, F. E., & Marhoon, I. 1. (2011). Characterization of ceramic filled polymer
matrix composite used for biomedical applications. Journal of Minerals and Materials
Characterization and Engineering, 10(12), 1167.

Stupp, S. L., & Braun, P. V. (1997). Molecular manipulation of microstructures: biomaterials,
ceramics, and semiconductors. Science, 277(5330), 1242-1248.
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I. Result shows that the experimental test gives smaller stress and strain compared {o the
simulation test.

2. There was a small difference in terms of heat distribution for both experimental and
simulation test during the tensile test.

3. The surrounding environment such as temperature, may affect thermocouple reading.

4. The quality of the specimen must be checked first to make sure that the properties of the
specimen was in good condition.

5. Asaresult of this experiment, it is proven that thermal perturbation affects a polymer
material's tensile test.

Pencapaian Utama
Key Findings

1. Thermal perturbation affects the mechanical strength of polymer material by tensile test.
2. Heat release from the experimental specimen will affect the mechanical properties of the
specimen.
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Pencapaian Keseluruhan
Overall Achievement

Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki..
Describe the achievements in relation fo the original objectives, hypothesis and research

problems.

Commonly, mobiles devices charged over night by the end users. In these situations, it is
acceptable to the users for the phone to take several hours to charge. But, it is very crucial




nowadays, as mobile phone is using a lot of data usage which make the battery discharge very
fast especially during a busy day or during a long period travel. Traditional comstant current
constant voltage (CC-CV) charging methods require long charging time up to 4.5 hrs — 4 hrs.

In this project, a low cost, fast and time saving mobile phone charging station prototype
is proposed with the implementation of a low cost Raspberry Pi computer. In previous study,the
charging time using DSP-based charger is within 40 mins in experiments, change in charging
temperature is within 1.1°C and the charging efficiency is up to 87.51%.

In term of costing, the DSP controller itself is more expensive compared to Raspberry Pi
controller. In term of local community, this project is expected to serve free fast charging service
among faculty community and the prototype station will be placed in the faculty of engineering,
UNIMAS.

Pencapaian Utama
Key Findings

The main objective of the project is to develop a charging system with controlled by microcomputer.
Once the li-ion battery gets fully charged, the supply will automatically cut off. The main components for
the system are Raspberry Pi and charging circuit. To have complete fast charging system, some program
will be used for controlling the voltage and also the current for the output of the circuit.

This chapter will discuss the results of the system from the hardware development and also software
development. All the configuration on some application used and how the charging system works also
will be discuss in details in this chapter.

Software End Result

For software part, there is 2 main program that used to control the charging system which is python script
that used to control current and voltage for the charging circuit.

Charging Program

The program code for this project is reasonably straight forward. There are variables at the top of the
code that allow user to customize the charger by inputting the values of the hattery capacity rating, the
exact resistance of the power resistor. There are also variables for the safety threshold of the charger.
The maximum allowable voltage of the battery is set to § volts and the current is set to 1.5 ampere. If any
of this safety threshold is exceeded, the charger is automatically turned off.

In the body code, the system constantly measures the voltages of the terminal of the power resistor. This
is used to caicutate both the terminal voltage of the battery and the current flowing into the battery. This
current compared to the target current which is set to 1.5 ampere. [ the current is different from the
target current by more than 1.5 ampere, the system automatically adjusts the output to correct it.

To monitor the performance of the charger, the Raspberry Pi was connected with monitor of computer or
laptop. Figure 4.1 show the display of the result while the phone was charging. From what we can see in
the figure, the voltage that supply to the battery is 5V and the current is 1.5A.

Figure 1: Display of the result of the coding

Hardware End Result




In this project, there are two main hardware that been used together which are Raspberry Pi 2 model B
and charger circuit. Figure 4.2 shows the Raspberry Pi with SD card attach con it. The connection of
complete system which contains Raspberry Pi, charger circuit and power supply can be seen in Figure

4.3.

Figure 2: Raspberry Pi 2 Model B with SD card




Figure 3 : Comp

Ieie Charger Systerﬁ Hardware
In the SD card, there are Raspbian operating system had been installed and it can be used directly once
the Raspberry Pi is connected to power supply. There are some of configuration need to be set up on
Raspberry Pi such as enable to use the whole memory of SD card, time and date.

Charging System End Result

At the end of this project, there was result obtained and the compatison between the charging with
raspberry pi controller, DSP controller and without controller has been made.

Table 1: Charging Result and the Comparison

Charging Station Raspberry Pi (My | DSP Controller Without contoller
Project)

Time Charging Within 1 hours Within 40 minutes 3-4 hours

Cost RM 204.90 RM 2000 and above -

Figure 4.4 show the battery of the mobile phone that has been charged with my project was full and
figure 4.5 show the complete set up while the mobile was charging with this project.




In this project, charging system had been successfully demonstrated by using Raspberry Pi and able to
control the current that flow into the battery and cut off the charger supply when battery is full. This
project had been developed using simple programming that control the whole process of the charging
system. First objective is to design and build charging system for mobile phone with low cost Raspberry
Pi. Raspberry Pi can be powered up using 5V micre USB and its current usage is depending on
peripheral used. Second objective is to design local made charging station for community had been
achieve after completing this project. This charging station is completely using the simple programming
that had been installed into Raspberry Pi which is charging program. Apart from controiling the current
for the circuit, this program also works as a cut off supply which it will do when the battery was full. To




achieve the objectives of this project which is to create a simple system with good feature but in lower
cost, system using Raspberry Pi is used. The total cost for this project is lower than RM500 but it can
compete with the advanced charging system that already invented in the market nowadays. All the
material needs is very simple and can be easily bought at any shopping store nowadays. Upon
completing this project there are a few problem occur such as the program that had been installed is not
working properly. Besides that, since the Raspberry Pi is very new innovation, it does not really support
several of peripheral and the system is still in upgrading process from time to time. To overcome these
problems, there are some adjustment needs to be done to the program to make sure it will work perfectly
to produce desired output. Last but not least, the Raspberry Pi also needs to be updated from time to
time to allow more featured to be used.

Recommendations

Although the Charging System controlled by Raspberry Pi was able to work successfully, there
are also some parts that can be improved for the better performances. This section will discuss on
recommendation that can be taken for the future used.

The first limitation occurs on this project is the maximum current. In this project, 1.5 ampere
current was used. In the future, it is recommended fo use a higher current for more faster charging
quality such as 2.1 ampere. At this moment, the charging system only can handle until 1.5 ampere.

In this system, it only uses one port to charge the mobile phone. However, the number of port
used can be added in the future that available for all the users that want to use it at the same time.

The end result of this system is not really showed every detail of charging state of the battery.
The suggestion s to get LCD to monitor the voltage and current status during charge.
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C. Pencapaian Keseluruhan
Overall Achievement
Huraikan pencapaian berbanding objektif, hipotesis serta permasalahan asal yang diselidiki..
Describe the achievements in relation to the original objectives, hypothesis and research
problems.

Robotics technology can be applied in rehabilitation area to help incapable people performing
their daily tasks with minimal or no assistance from a nurse or caretaker. By using assistive




robot that can sense, process the situation and perform the actions that will ease and help
incapable people in their daily life. In this project, the laundry robot will help the incapable
person by doing their laundry by taking the specific basket to go to the laundry for them. It will
be more helpful to the incapable person because doing laundry can be a large burden to some
people who are incapable to do it by themselves.

In this research, we have found several ways to assist incapable people doing their laundry
basket carrier. By using infrared sensor, the robot can detect a track that lead to washing
machine and where the patient located. By using line detector, the robot will move according to
the track that has been designed. The project also managed to create an algorithm for the
movement of the robot so that the robot can move while carrying the laundry basket and lead to
washing machine, After arriving at the washing machine, the laundry basket will be dropped and
the robot will move along the track to next check point where there is empty laundry basket to be
carry away to the patient location.

Pencapaian Utama
Key Iindings

With this project, we can assure the usage of robotic technology can be implemented in assisting
the impaired patient for daily live with minimum cost required. Even though the project has been
scaled down to laboratory test scale, the method of assisting the impaired patient has been
achieved.
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Describe the achievements in relation to the original objectives, hypothesis and research
problems.

Please refer to attached Summary Report.




Pencapaian Utama
Key Findings

The ammoniacal nitrogen uptake rate differed among Eichornia Crassipes and Pistia Stratiotes.
The highest percentage of ammoniacal nitrogen removal for the Eichornia Crassipes and Pistia
Stratiotes was 52% by 15th day and 28% by the 6th day. The ammonia nitrogen concentration
for the semiconductor effluent was initially 27.9 mg/L. The wastewater treated with Eichornia
Crassipes had the highest percentage of reduction by the 15th day which was 52% as compared
with Pistia Stratiotes which was only 20%.

When the wastewater was treated using Spirufing Platensis, there was a sharp decrease in AN
concentration from 27.9 mg/L to 6.21 mg/L in duration of 5 days in which removal achieved was
77.75%. Upon reaching this level, then, the industrial effluent can be safely discharged into the
river due to the TAN that already comply with the Environmental Quality (Industrial Effluent)
Regulation 2009, Samajaya Industrial Zone, Sarawak following standard B in which TAN level
must be 20 mg/L or less before discharge. Thus, from the result, it could be concluded that the
ideal retention time for phycoremediation of industrial effluent is 5 days. It indicated that
Spirullina platensis had a good ability of assimilating AN from industrial effluent.

Hence, in this studies, the potential remediation macrophyte is the Eichornia Cassipes and the
Spirulina Platensis as the potential microalgae. The optimum working condition is at pH 8~ 10
and the retention time is 5 ~ 15 days.
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Describe the achievements in relation to the original objectives, hypothesis and research
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This research describes the fabrication of particleboard by using rice husks and urea




formaldehyde vs phenol formaldehyde as a binder. The rice husk was initially treated using
sodium hydroxide (NaOH) with 2%, 5% and 8% concentration prior to resin addition.

In comparison between the NaOH treatment, the 5% concentration of NaOH shows a better
flexural properties compared to untreated, 2% and 8% concentration for both phenol and urea
formaldehyde. The NaOH treatment provides a higher degree of surface roughness of the rice
husk which contribute to better adhesion between binder and rice husk.

Rice husk particleboard using phenol formaldehyde as a binder shows a better flexural propetrties
compared with urea formaldehyde with the significant strength improvement of 36% for 5%
NaOH treatment. The moisture absorption for phenol formaldehyde is less compared to urea
formaldehyde which indicate the suitability of the particleboard using phenol formaldehyde for

outdoor application.

Pencapaian Utama
Key Findings

It was found that the rice husk particleboard properties can be improved by using NaOH
treatment at 5% concentration. Thus, the particleboard has a potential to be used in commercial
particleboard production as an alternative to conventional wood particleboard that normally used
in furniture industry.
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Wimax CMOS power amplifier is the last stage of transmitter end that is capable of transmitting
high speed data and strong immunity to multi-path fading and narrow-band interference. The
challenge of this line of study is power amplifier used in WIMAx system must be highly
efficient to conserve battery power. However, the linearity specifications are often achieved by
backing off the output power which causes a large reduction in efficiency. It becomes critical




issue to design power amplifier (PA) with high efficiency to achieved low power consumption
because of the power amplifier is the most power hungry blocks of RFE front-end circuits.
Therefore, CMOS proposed power amplifier is designed to achieve low power consumption
while maintaining other parameters such as linearity that suitable for WIMAX application. With
low power consumption of power amplifier it will conserve battery power.

Pencapaian Utama

Key Findings

1. Low power consumption CMOS power amplifier is designed to solve the problem of
high power consumption and linearity simultaneously.

2. The tunable PA achieves high power gain, good input and output matching, low power

consumption and good power added efficiency (PAE) over all frequency range of
interest. It can be concluded that the proposed PA is quite promising for future mobile
terminals.

3. Analyzing the drawback of RF circuit design with existing studies.
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The general problem statement for this research project revolved around the possibility of
developing a multi rotor UAV for environmental monitoring and visual inspection applications.
It was hypothesized that the development of such system will be beneficial especially for remote
areas which are inaccessible from the ground. The initial objectives were then set to building a
UAYV system with sensors suitable for environmental monitoring applications, developing a
graphical user interface (GUI) to acquire live feed from the sensors and measure the reliability
and efficiency of the overall UAV system. It was hypothesized that the added sensors module
will improve the environmental monitoring and visual inspection process.

The achievement relative to the initial proposal is slightly below expectations. This can be
justified by lack of resources, hardware and skilled personal in the area of UAV and also
Arduino programming. There were only two FYP students which started from nothing and the
procurement process took a little bit longer than expected. As the project progressed, the idea of
building a custom UAV was abandoned and instead, a ready-made UAV from DIl was
purchased. The reasoning for the purchase was that a lot of time is needed to learn to customize
a UAYV drone whereas commercial drones are becoming relatively cheaper with the added user-
friendly features. The UAV drone has become semi-autonomous with checkpoint capabilities,
follower feature and flying performance is stable, There are disadvantages compared to full
custom drones for instance, lack of modularity in terms of hardware (frame, rotors, cameras etc.)
and the suitability of commercial drones for professional engineering applications. Yet, the
advancement of technology will surely diminish these advantages. Nevertheless, a prototype
sensor measurement module (SMM) has been developed and 1s ready to be used together with
the drone. Future works can be planned and therefore this system can be used as a case study
(learning) and exhibition purposes. In conclusion, the achievements met the the objectives but
more experimental data is required for performance testing and also improve the compactness
and aerodynamics of the SMM payload.

Pencapaian Utama
Key Findings

The final product design was achieved after the implementation of the Pugh evaluation method.
Various factors of the casing were considered in terms of materials, fabrication methods and
attachment design. A sensor measurement module (SMM) was developed for the DJT Phantom 3
UAYV drone. Arduino was used as the backbone of the prototype. The wireless communication is
possible via the XBee communication modules. The corresponding graphical user interface
(GUI) was also developed to obtain streamed data from the SMM. The components were
assembled in a specially designed casing and 3D-printed before attached to the drone as shown
in Figure 1.
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Figure 1: The final prototype and drawing dimensions.

The performance of the sensors (temperature, humidity, and gas) were done, however the gas
sensor tests were doubtful and need more testing. Overall, the temperature and humidity results
is in accordance with other instrumentation devices and varies within their tolerances, This is
shown in Figure 2 and Table 1.

Figure 2: Experimental measurements comparison with other sensors.

Table 1: Experimental data measurements obtain from sensors of the SMM.

Data Entry | Temperature Humidity Rs/Ro
1 24 63 8.9
2 24 63 9.9
3 24 63 9.9
4 24 63 9.9
5 24 63 9.9




A static study (stress, strain and displacement plots) was conducted on the casing to determine
the practicality of the SMM when attached to the drone. Tt was found that there were no major
hotspots that can contribute to failure in the design. The highest displacements are expectedly at
the less supported parts of the SMM which behaves like plates as shown in Table 2.

Table 2: Displacement results for the static study of the SMM under external load,

Type Min Max
0.414973
0 mm
mm
Resultant Displacement Node:
Node:
11538
65635

. 63168602

24588002
L0ble-830

Displacement study result

A {low simulation was run to consider the aerodynamic effects of the SMM on the drone as
shown in Figure 3. It was found that there are substantial areas of high pressure in front of the
SMM against the travel direction. It can be hypothesized that the SMM is not sufficiently
aerodynamic and this is experimentally proven via visual observation while under real-time
testing. In actual flying test, the drone suffers a bit but is noticeable in its flying performance in
terms of travelling against high speed wind conditions compared to without any payload. Figure
4 shows the actual flying test and the data feed into the GUL The performance of the drone had
also been investigated with relations to its range, features, flying speed and stability while
carrying the SMM payload. The flying range of the drone was found to around 400 m horizontal
distance and 30 m vertical distance while the XBee module stopped streaming data at 120 m
horizontal distance and 30 m vertical distance. The integration of the GUI and the hardware had
been evaluated. It works fine but there are some minor glitches that needs to be addressed to in
future works.




Figure 3: Flow simulation of the SIMM.

Sensor:Hodule
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Figure 4: Actual real-time testing of the drone with paylead and the live feed data from the GUL
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The aim of the project is to create a portable safety switching system which can be easily carried
by electrical technicians to break or close high voltage circuit breaker. By focusing on safety as
the precedence, breaking high voltage switchgear could be very hazardous to humans when
contacts occur. Since back year there are so many cases of accident and evidence on switchgear
failed on the operated. In Malaysia, the unwanted accident happened on February 2015 where
three Tenaga Nasional Berhad (TNB) technicians who were critically injured in an electrical
substation explosion. Thus, the portable safety switching system breaker comes in the first place
to solve the failed switchgear in an electrical substation. The objectives of this project are to
design and create a control system to improve safety in the switching of high voltage circuit

breaker and test the safety switching system on actual high voltage circuit breaker.

The improvement on the safety of the switch gear was a success in this project. A control system
had been design and fabricated where this system will open and close the switch gear safely. The
system is using an electro-pneumatic system whete it is a process that transfer the power supply
from the input to the output pneumatic cylinder. The supply power of a 240V AC circuit is
converted to 24V DC circuit to trigger the “push and pull” contactor. The contactor is an
electrically controlled switch used for switching an electric power circuit, It usually an easily
“ON and OFF” system contactor. The contactor required only 24V DC to be triggered, that why
AC — DC power converter are needed for the converting electric power part. When contactor is
switch ON, the control valve will direct and regulate the flow of air pressure from air
compressot. Then, the pneumatic cylinder will pull the lever and break the switch gear. The

outcome of this project as expected.

Pencapaian Utama

Key Findings

The Experiment test was carried out at the electrical testing laboratory Sarawak Energy Berhad
Store Complex at Bintawa, Kuching. The Figure 1 shows the testing location of the fabricated a
safety switching system. The experiment was supervised by four Sarawak Energy technical staff

to ensure our safety and the testing going well even the equipment not in service.




All the equipment is set in ten meters away if using the real switch gear. However, for
experimental test is only 1 meter away from switch gear. The fabricated remote switch is need to
be attached to the switchgear body. Then, the woodblock that holds the pneumatic cylinder is
tied to the switchgear body by using a ratchet strap to make sure the cylinder in the right-angle
position. At the end of the cylinder, a wire is tied to the switchgear lever with perfection loops
wire tied. After that, the air compressor is switched on for two minutes for fully ready to use.

The Figure 1 shows how the safety switching system is attached and ready to the actual test.

Figure 1: The attachment of a safety switching system to the switchgear.

Then, the switchgear switching circuit is ready for experimental test. When the power supply is
switched ‘“ON’ and safety setting approved by the technical staff, the remotely wired ‘ON’ push
button or the green button are pressed. The pneumatic cylinder creates a pulling force to pull the

switchgear lever and switched off the switchgear.

During the first attempt, the cylinder cannot pull the lever due to lose tied wire, Thus, it needs
some adjustment and perfection loops tied method was applied to the lever. The second attempt
also unsuccessful since the ratchet strap failed to hold and grip the woodblock firmiy. So, the
best position for the wood block holder need to be initiate and the test continuous. For the third

attempt, the pneumatic cylinder holder successfully pulls the lever and break the switchgear.




After succeed to switch off the switchgear, the process was carried on to switch ‘ON’ back the
switchgear. The procedure was as same procedure to break the switchgear. For this time, the
‘OFF’ push button or the red button are pressed to create a pushing force to push back the
switchgear lever to the original position and results the switchgear are working back. The Figure

2 and Figure 3 demonstrations the condition before and after the breaking switchgear process.

Figure 2: the condition before pulling process

Figure 3: After successfully pulling the lever




From Figure 2, in the red circle part with arrow direction shows the initial positon of the safety
switching system in the body of the switchgear and it ready to pull the lever. Figure 3 are the
result after successfully pull the lever. The electro-pneumatic cylinder pulling the lever and

become short compared to Figure 2.

The other finding from this experiment, the air compressor pressure need to be set up from 3 — 5
psi. If more than 5 psi, the valve pipe will damage. This has been shown in Figure 5.

Figure 5: Wrecked valve pipe air compressor
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