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Chairman of ESTIC 2016

On behalf of The Organizing Committee, we are pleased to welcome you in
Padang, West Sumatera, Indonesia, to The 3™ Engineering, Science, and
Technology International Seminar 2016 (ESTIC 2016).

The conference was initiated on 2011 and 2013
by the Faculty of Industrial Technology of
Universitas Bung Hatta under previous name of National Conference of Science and Technology
(Resatek) at the UBH campus. The conference then changes its name into Engineering Science and
Technology International Conference on 2016 and expands its scope to international conference. This
conference has facilitated the communication between scientists across applied in engineering
technology science and allows the applied technology professionals to contribute their expertise to
deal with empowerment issues.

The aimed of the conference is promoting engineering technology research activities in Indonesia and
overseas, in the hope of building and strengthening networks and collaborations. Therefore, the theme
is "Applied Technology for Sustainable Development" and encompassing many relevant topic such as:
Energy, Material Science And Technology, Environmental Science And Technology, Food Processing
Technology, Industrial Management Technology, Technical Vocational Education and Training, and
other related topic. As a new comer, we proudly announced that we have about 80 abstract coming
from Saudi Arabia and Asian countries such as Japan, Malaysia, Thailand and Indonesia. The selected
paper will publish on two Scopus Indexed Journals: The International Journal on Advanced Science,
Engineering and Information Technology (IJASEIT) and Asian Research Publishing Network (ARPN).

We thank for all the participant of committee which has done their duty to select abstract which fulfill
to the level appropriately to be published on journal or proceeding. The participant will be divided
into 4 parallel sessions which comprise of seven categories, due to the topic of this conference.

The conference will hold for two days and hope you will enjoy interaction other participant. We hope
you will have an interesting experience during your stay in Padang.

Finally, we thank for all sponsors and other parties that we cannot possibly mention one by one. We
apologize for any inconveniences during the conference and we hope we can improve it much better
next time.

Padang, August, 30" 2016.
Dr. Mulyazmi, S.T., M.T.
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Rector of Universitas Bung Hatta

On behalf of Universitas Bung Hatta, we are delighted to welcome you in
Padang (the Rendang city), West Sumatera, Indonesia.

It is a great honor for us to have you from all over the world to attend to The3™
Engineering, Science, and Technology International Seminar 2016 (ESTIC 2016).
For the first time, this conference is held by Chemical Engineering Department
of Universitas Bung Hatta, after

several years has been successfully hold National Conference of Science and Technology (Resatek)
since 2011. There are about 80 participants will attend on this conference. The participants include
our colleagues from many university around in Asian, such as Japan, Malaysia, Thailand, and
Indonesia, which mean that the improvement of knowledge would cross any borders including island.

The theme was chosen for this conference is "Applied Technology for Sustainable Development".
Applied engineering technology was progressing rapidly and enables us to reveal and comprehend
how this universe works. I believe that this theme has challenges for all engineers how to develop of
sustainable industry process and energy, innovative materials, conceptual and process design.
However, the aim of the research is how to create the better life for the future without neglect the
negative impact due to the activities incurred.

Finally, I would like to thank to the member of committee, who has worked very hard to run the
conference. I would like to express our gratitude to keynote speakers and invited speakers for the
active participant in this conference. I thank to our participants to present and share the experiences
with other colleague in the same field, and we hope the communication among us can always be
maintained.

Padang, August 30" 2016
Prof. Dr. Niki Lukviarman, SE., Akt., MBA
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Scientific Committees

Prof. Fusheng Li
Gifu University, Japan

Prof. Shinji Kambara
Gifu University, Japan

Prof. Aris A. Syntetos
Cardiff University, United Kingdom

Prof. Dato’ Wan Ramli Wan Daud
Universiti Kebangsaan Malaysia

Prof. Mohammad Taherzadeh
Boras University, Sweden

Prof. Madya. Dr. Eri Herianto Majlan
Universiti Kebangsaan Malaysia

Dr. Toshiro Yamada
Gifu University, Japan

Dr. Krittiya Lertpocasombut
(Thammasat University, Thailand

Dr. Oki Muraza
King Fadh University, Saudi Arabia

Dr. Chihiro Yoshimura
Tokyo Institute of Technology, Japan
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Keynote Speakers

Prof. Dr. Yazid Bindar
Institut Teknology Bandung, Indonesia
“Closing the Gaps Between Designed and Operational Unit Process Performances”

Prof. Dato’ Dr. Kamaruzzaman Sopian

Universiti Kebangsaan Malaysia

“Evaluation And Optimization Of A Multi Ejectors -Flash Tank Absorption
Refrigeration”

Dr. Toshiro Yamada

Gifu University, Japan

“Water And Sediment Quality In Open Channels Receiving Of Effluents From
Small-Scale Onsite Wastewater Treatment Facilities (Johkasou)”

Dr. Krittiya Lertpocasombut

Thammasat University, Thailand

“Use of Natural Materials Wasted for Water Treatment and Wastewater
Treatment Plants”

Dr. Oki Muraza

King Fadh University, Saudi Arabia

“Catalytic Technologies To Convert (Bio-) Natural Gas Derivatives To Industrial
Chemicals”

Prof. Dr. Shinji Kambara
Gifu University, Japan
“Innovative Hydrogen Production, Storage, and Utilization System”

Ir. Benny Wendry, M.M*
PT. Semen Padang, Indonesia
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Invited Speakers

Dr. Eng. Reni Desmiarti

Universitas Bung Hatta, Indonesia

“Disinfection of Salmonella Thypi ‘O’ by Inductively Coupled Plasma Radio
Frequency”

Dr. Inna Kholida Sari
Universitas Bung Hatta, Indonesia
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Universitas Bung Hatta, Indonesia

“Evaluation of Micro Hydropower Using Overall Equipment Effectiveness (OEE)
Methode”
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Technical Program
Tuesday, August 30%, 2016.
Time PROGRAM
07.30-08.30 | Registration of participants
08.30-09.00 | Opening ceremony:
= Chairman of The Committee
= Rector of Universitas Bung Hatta
09.00-09.40 | Keynote Speaker 1. Prof. Dr. Yazid Bindar
09.40-10.20 | Keynote Speaker 2: Prof. Dr. Shinji Kambara
10.20-10.40 | Coffee Break |
10.40-11.20 | Keynote Speaker 3: Prof. Dato’ Dr. Kamaruzzaman Sopian
11.20-12.00 | Keynote Speaker 4: Ir. Benny Wendry, M.M
12.00-13.30 | Lunch
13.30-15.25 | Parallel session 1
15.25-16.00 | Coffee break 2
16.00-17.35 | Paralldl session 2
19.00-20.00 | GalaDinner

Wednesday, August 31¢, 2016.

Time PROGRAM
07.30-08.30 | Registration of participants
08.30-09.10 | Keynote Speaker 5: Dr. Toshiro Y amada
09.10-09.50 | Keynote Speaker 6: Dr. Krittiya L ertpocasombut
09.50-10.30 | Keynote Speaker 7: Dr. Oki Muraza
10.30-11.00 | Coffee break 1
11.00-12.55 | Parallel session 3
12.55-13.30 | Lunch
13.30-15.25 | Parallel sesson 4
15.25-16.00 | Coffee break 2
16.00-16.30 | Announcement of Ora Presentation Award

Closing Ceremony
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Tentative Program

Tuesday, August 30™, 2016.

Time Program
07.30-08.30 Registration of participants
08.30-08.45 Chairman of The Committee
08.45-09.00 Rector of Universitas Bung Hatta
09.00-09.40 Keynote Speaker 1:
Prof. Dr. Yazid Bindar
09.40-10.20 Keynote Speaker 2:
Prof. Dr. Shinji Kambara
10.20-10.40 Coffee Break |
10.40-11.20 Keynote Speaker 3:
Prof. Dato’ Dr. Kamaruzzaman Sopian
11.20-12.00 Keynote Speaker 4:
Ir. Benny Wendry, M.M
12.00-13.30 Lunch
Parallel session 1
Basal Basa 2 Batuah Anai
13.30-13.45 IS01 IS 02 IS03 S04
13.50-14.05 A 001 B 001 E 001 G001
14.10-14.25 A 002 B 002 E 002 G 002
14.30-14.45 A 003 B 003 E 003 G003
14.50-15.05 A 004 B 004 E 004 G004
15.10-15.25 A 005 B 005 E 005 G 005
15.25-16.00 Coffee break 2
16.00-17.35 Parallel session 2
Basal Basa 2 Batuah Anai
16.00-16.15 A 006 C 001 D 001 F 001
16.20-16.35 A 007 C 002 D 002 F 002
16.40-16.55 A 008 C 003 D 003 F 003
17.00-17.15 A 009 C 004 D 004 F 004
17.20-17.35 A 010 C 005 D 005 F 005
19.00-20.00 Gala Dinner
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Wednesday, August 31, 2016.

Time Program
07.30-08.30 Registration of participants
08.30-09.10 Keynote Speaker 5
Dr. Toshiro Yamada
09.10-09.50 Keynote Speaker 6
Dr. Krittiya L ertpocasombut
09.50-10.30 Keynote Speaker 7
Dr. Oki Muraza
10.30-11.00 Coffeebreak 1
11.00-12.55 Parallel session 3
Basal Basa 2 Batuah Anai
11.00-11.15 A 011 B 006 G 006 E 006
11.20-11.35 A 012 B 007 G 007 E 007
11.40-11.55 A 013 B 008 G 008 E 008
12.00-12.15 A 014 B 009 G 009 E 009
12.20-12.35 A 015 B 010 G010 E 010
12.40-13.30 Lunch
13.30-15.25 Paralldl session 4
Basal Basa 2 Batuah Anai
13.30-13.45 F 006 B 012 A 016 C 006
13.50-14.05 F 007 B 013 A 017 C 007
14.10-14.25 F 008 B 014 A 018 C 008
14.30-14.45 G011 B 015 E 011 C 009
14.50-15.05 D 006 E 012 co010
15.10-15.25
15.25-16.00 Coffeebreak 2
16.00-16.30 Announcement of Oral Award
Closing Ceremony
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Moch. Agus Choiron, Sudjito

G010 Performance Study Of Sea Water Distillation by Solar Energy To 153
Generate Salt And Fresh Water
Mulyanef, Duskiardi, Kaidir and M. Ikhsan

Relayout Warehouse of Finished Products Based on the Frequency of the
Movement of Products

EO011 Sy S . 156
Lestari Setiawati, Aidil Ikhsan, Krisna Nova

Redissign Facility Layout of Thresser Machine to Minimize Material
EO012 Handling Cost 159
Noviyarsi, Lestari Setiawati, Eva Suryani

August, 30™-31%, 2016 | 14



Proceeding of The 3" Engineering Science And Technology ISSN 2548 — 8902 Val. 3
International Conference (ESTIC) 2016, Padang Indonesia Published Januari 2017

KEYNOTE SPEAKERS

August, 30"-31%, 2016 | 15



Proceeding of The 3" Engineering Science And Technology ISSN 2548 — 8902 Val. 3
International Conference (ESTIC) 2016, Padang Indonesia Published Januari 2017

Closing the Gaps Between Designed and Opera-tional Unit Process
Performances

Yazid Bindar

Departments of Chemical Engineering, Food, and
Bioenergy/Chemurgy Engineerings

Faculty of Industrial Technology,

Ingtitut Teknologi Bandung

ABSTRACT: Proven technologies are aways required in any industrial business
implementation. However, the development and establishment a proven technology require
strong resources and support. The designed process performances and capacity are fulfilled
by the selected proven technology with a set of allowable gaps. There is a need to shorten
the development time and to cut the development cost to arrive on a targeted proven
technology. In this topic, the focus is directed to the chemica process engineering type of
technologies. Beside the mechanical operational guarantee, the process performances must be
guaranteed. These must cover each unit and the whole integrated process performances.
The performances of a unit process are quantified temperature T, pressure p, process yield or
conversion n , product purity Yi, flow mass capacity and flow behaviors. The designed
performances were commonly obtained from long time experiences in the process
technological development. It can start from available empirical correlations, and or from a
comprehensive process mathematical modeling. The gaps between the designed
performances and the operational performances exist and can be reduced. One factor that
causes the gaps is a geometrical factor. The designed performances may not yet consider the
detail geometries that are constructed for the operational performances. The other factor isthe
simplification approach that is used in the designed stage that does not fit to the real condition
of the process. This paper explores the unit process development that starts from a
comprehensive mathematical process modeling by including the detail three dimensional unit
process geometries. The Computational Fluid Dynamic (CFD) technique is employed for the
purposeofthestudy.
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Innovative Hydrogen Production, Storage, and Utilization System

Shinji Kambara

Environmental and Renewable Energy Systems
Division, Graduate school of engineering,

Gifu University

Y anagido 1-1, Gifu, 501-1193, Japan
kambara@gifu-u.ac.jp

ABSTRACT: The introduction of a hydrogen economy has been an avallable strategy to
control criminate change when hydrogen is produced without CO, emission. However, use of
hydrogen has a large energy loss for its transportation and physical storages. Ammoniais one
of hydrogen storage material that may solve severa problems related to the hydrogen
transportation and storage in a hydrogen economy.

An innovative energy storage and carrier system has built from our recent some research
results. The system has three kind of chemica reactors, which are a HNO3; production
reactor, a NH3 production reactor, and a H, production reactor. HNOs is an available material
for NH3 production, because NH3; can generate from HNO;3; by reduction at atmosphere
pressure and a low temperature.

In this paper, we focused on characteristics of HNOs; production originated from nitrogen
oxides in flue gas. HNO3; was produced by photochemical oxidation of nitric oxide (NOy)
using vacuum ultraviolet irradiation of 172 nm wavelength. HNO3 production was affected
by the flow rates of the model flue gas. It found that a high NO conversion rate was obtained
in the NO/O,/H,0/N; system. A maximum NO conversion to HNO3; was 97.4%.

KEYWORDS: Hydrogen; Ammonia; Nitric acid; NOy; VUV
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Evaluation And Optimization Of Multi Ejectors ~Flash Tank Absorption
Refrigeration

K. Sopian® ,AzherM.Abed®® , Ali Najah Al-
Shamani® Husam Abdulrasool Hasan?,
AM.Elbreki®, M.M.S.Dezfouli ?, B.Elhub?®
®olar Energy Research Ingtitute (SERI), Universiti
Kebangsaan Malaysia, 43600 Bangi,
Selangor Malaysia

®Department of Air conditioning and Refrigeration,
* E-mail: ksopian@ukm.edu.my,azher muhson

ABSTRACT: A theoretical analysis of solar assisted multi gectors -flash tank absorption
cooling system have been investigated. In these study, energy balance analysis is performed
to predict the potential optimization of the components thermal loads of the combined multi
gjectors-flash tank absorption cooling cycle. A computer simulation program has been used
to evaluate the performance of single, double and triple gectors absorption cooling system
using ammonia —water solution as working fluid, operating under steady —state conditions.
Results indicated that the generator and condenser loads for the cycle using double gjectors
are found permanently less than the other cycles. The results indicated that the improvement
in overall COPs of the combined cycle using double gectors under different operating
conditions higher than the others combined cycles. The overall COPs are found higher at the
double gector cycle by about 9.2 % and 5 % at higher and lower operation conditions
respectively than that of combined triple gectors cycle

KEYWORDS: single gector-flash tank absorption cooling cycle, double and triple gectors,
components thermal loads, cycle performance.
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Water And Sediment Quality In Open Channels Receiving Of Effluents
From Small-$Scale Onsite Wastewa’
Treatment Facilities (Johkasou)

Toshiro Yamada', Joni A. Fajri”

“Department of engineering, Gifu University, Japan
“Islamic University of Indonesia, Jogyakarta,
Indonesia

‘ymd@gifu-u.ac.jp

ABSTRACT: Onsite wastewater treatment systems in rura areas are important for preventing
pollution of aquatic environments and sanitation of the local environment. In Japan, a small-scale
onsite wastewater treatment facility namedjohkasou has been used for household wastewater
treatment in the rural areas. Field surveys on water and sediment quality in drainages and open
channelsin asmall rural residential area have been conducted to make clear effects of effluents from
johkasou on the loca water environment. The concentrations of total coliforms, E.coli, organic
matters and nutrients were always higher a the johkasou drainage than at its downstream open
channel. The significant impacts of effluents from johkasou on the water environment downstream
were not observed through the study period due to high dilution capacities of the channels. In contrast
with most physicochemical parameters, total coliforms and E.coli were always detected at their high
concentrations throughout the season. The presence of total coliforms and E.coli both in water and
sediment of the open channel indicates that the open channel plays a role as a reservoir for enteric
bacteria. Deterioration of water quality in terms of organic matters and nutrients was observed during
cold-low flow seasons mainly due to low mixing with other water environments such as rainwater and
irrigation water. Seasonal maintenance of discharged water quality and controlling downstream
network capacities are necessary to reduce the potential impact of johkasou effluents into local water
environment.

KEYWORDS: Feca indicators; johkasou; local water environment;on-site wastewater
treatment; sediment.
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Natural Materials Wasted for Water Treatment and Wastewater
Treatment Plants

Krittiya Lertpocasombut

Department of Civil Engineering, Faculty of
Engineering, Thammasat University

Rangsit Campus.

Klong Luang, Pathumthani 12120, Thailand
E-mail: Ikrittiy@engr.tu.ac.th

ABSTRACT: It has known about potentials of vetiver grass roots that can absorb heavy metals into
the trunk, and roots by means of soil-water contamination. Coffee grounds wasted in terms of solid
waste generated had about 8.8 ton per year in the year 2012 and trended to increase in university
campus each year. Shrimp is famous as food like Tomyum Kung, its shells are aso wasted. The
startup experiment which carried out on the properties of the vetiver grass roots ash (VGRA)
indicated the potential of the VGRA to remove estrogen in the water. Four natural materials wasted as
vetiver grass roots, coffee grounds used, shrimp shells and dudge from the WSTP were investigated
to utilize in the treatment of water and wastewater as mediums. Using the VGRA in a circular shape
to filter water as a medium under 2 atm was demonstrated up to 75 % of efficiency to remove water
turbidity. Among the tree types of treated natural material wastes, the VGRA was the most powerful
to attach estrogen in the form of soluble compound in water, compared to shrimp shells and sludge,
respectively. Whereas, waste of the coffee grounds used to eiminate bacteria in the effluent was
indicated its removal of total coliform bacteria down to 2.2 MPN/100 ml. The capability of
disinfection in water made coffee grounds worthy of further studies and its applications for WWTP as
well.

KEYWORDS: Coffee grounds; estrogen removal; disinfection; filtration; vetiver grass roots ash
(VGRA).
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ABSTRACT: The oversupply of natural gas due to successful production of shale gasin the North
America and the availability of bio natura gas from waste stimulated many countries to revisit
technologies to convert natural gas to chemicals. In addition to the classical use of natural gas in
ethane crackers to produce ethylene, the monetization of cheap natural gas to propylene can be
classified into three technologies namely (i) propane dehydrogenation, (ii) olefin metathesis and (iii)
methanol-to-propylene. The latter was the main interest for us by considering the large production
volume of methanol in the world in the coming years. Methanol as an important derivative of natural
gas (methane) can be converted to fuels (such as gasoline and diesel) or chemicals (propylene and
ethylene) over solid acid catalysts [1-2]. Methanol to gasoline is a promising route, mostly using
three-dimensional zeolites such as ZSM-5 [3]. Methanol can also be converted to diesdl first to olefins
using ZSM-22 (TON) and later the olefins can be transformed into diesel using oligomerization
process over hierarchical one-dimensional pore zeolites. [1, 4].

The objective of this work was to highlight some of remarkable heterogeneous catalysts applied in
methanol-to-propylene as an important edge of methanol-to-olefin technologies and the valorization
of natural gas resources in general.The transformation from methanol to dimethyl ether (DME), DME
to olefins and methanol to propylene were investigated using different series of solid acid catalysts,
especially zeolites [4-6].

The catalyst effectiveness factor of zeolite-based catalysts has been significantly improved by using
three different approaches: (i) fabrication of nanocrystals of ZSM-22 (TON) which were applied in
methanol-to-propylene [4], (ii) the fabrication of hierarchical EU-1 (EUO) by alkaline and acid post-
treatments [5-6] and (iii) the fabrication of SAPO-34 (CHA) coated on SiC foams [7]. Nanocrystals of
ZSM-22 (TON) and hierarchica EU-1 (EUO) zeolites were applied in the transformation of the
methanol to olefins. The keys of finding better catalysts were the fabrication of nanosized zeolite
crystals, the adapted methods to synthesize hierarchical zeolites and the procedures to deposit CHA
zeolite of 3D solid foams as structured catalysts.We developed different catalysts mostly derived from
one dimensiona pore zeolites such as (i) nanosized ZSM-22 (TON framework) and (ii) hierarchical
EU-1 (EUO framework). In addition, we also developed SAPO-34 (CHA) coated on SiC foams as
structured catal ysts.Pure nanosized ZSM-22 crystals (100 nm) were synthesized with low aspect ratio
by using a hydrothermal autoclave with horizontal rotation, while the submicrometer ZSM-22 crystals
(~300 nm) were achieved by using 5 wt.% ethylene glycol as a crystal growth modifier. The textura
properties were almost similar for both samples with different crystal sizes, except the smaller crystals
had larger external surface area. Production of light olefins from methanol conversion was examined
over ZSM-22 (TON) zeolites with different crystal lengths (100 and 300 nm). High selectivity to light
olefins (>86%) combined with low selectivity toward the undesired over C5 hydrocarbons (10%) and
paraffins (4%) was observed initially over all ZSM-22 zeolite samples. As compared with the
submicrometer crystals (300 nm), the 100 nm crystals showed better catalytic activity. The higher
catalytic activity of TON nanocrystals can be attributed to the higher external surface area. Therefore,
the diffusion problem caused by pore blocking was noticeably reduced.

Apart from nanosized TON, our hierarchical EUO is also promising catalysts for methanol to olefins
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and dimethylether (DME) to olefins. Hierarchical (or mesoporous) zeolites present one of the
promising solutions of the diffusion problem in the catalytic reaction. Creating mesoporous was
performed by removing some elements from the zeolite structure either by desilication or
dealumination depending on (Si/Al) of the synthesized zeolite. Introduction of mesoporosity into the
surface of the zeolite catalyst has many advantages and disadvantages, generally demetalation
increases the surface area and consequently enhances the mass transfer. On the other hand, it affects
the acidity which plays a key role in methanol-to-olefins and aso it will affect thermal stability of the
crystals. Developing mesoporosity on the surface of one-dimensional zeolites is still more promising
as compared with three-dimensional zeolites because of diffusion limitations. Applying this
hierarchical technique on EU-1(EUQO) zeolite in methanol and dimethyl ether to olefins improved the
conversion and the selectivity towards a specific valuable products.

August, 30"-31%, 2016 | 22



Proceeding of The 3" Engineering Science And Technology ISSN 2548 — 8902 Val. 3
International Conference (ESTIC) 2016, Padang Indonesia Published Januari 2017

ORAL PRESENTATION

August, 30"-31%, 2016 | 23



ISSN 2548 — 8902 Vol. 3
Published Januari 2017

Proceeding of The 31 Engineering Science And Technology
International Conference (ESTIC) 2016, Padang Indonesia

A 003
Numerical Investigations on Heat Transfer Enhancement by Using SiO,-
Water Nanofluid in a Parabolic Trough Solar Collector

Kamaruzzaman Sopian®, Husam Abdulrasool Hasan®+, Ali Najah Al-Shamani®®, Azher M.
Abed®,M.M.S.Dezfouli®, B.ELHUB?® A.M.Elbreki®

®Solar Energy Research Institute, Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia.

® Department of Machinery Equipment Engineering Techniques, Technical College Al-Musaib, Foundation of
Technical Education, Baghdad, Iraqg.

xhussam2003hussam@yahoo.com (Husam Abdulrasool Hasan).

Abstract This paper presents the improvement of the performances of the parabolic trough solar collector
system (PTC) by using SiO, nanofluid as a heat transfer fluid. The effect 0fSiO, nanofluid on the thermal and
thermodynamic performance of a high concentration ratio parabolic trough solar collector was studied
numerically. The momentum and energy equations are solved by using a finite volume method (FVM). The top
and the bottom walls of the tube are heated with a different heat flux boundary condition. In this study a
Reynolds number range of 10,000 to 30,000. Results show that the thermal performance of the receiver
improves as the SiO,used. From the results, it is clearly seen that The Nusselt number considerably increased
with increasing Reynolds number, Re in the range of 10000-30000. The SiO, nanofluid has the highest Nusselt
number value, followed by pure water. The results show that the Nusselt number increases with decreasing the
nanoparticles diameter and it increases with increasing the volume fraction (concentration) of nanoparticles.

Keywords: Heat transfer enhancement; nanofluid; finite volume method; parabolic trough solar collector;

Nusselt number.

1. Introduction

Solar parabolic trough collector (SPTC)
consists of an absorber (working fluid chamber),a
concentric transparent cover and a Parabolic reflector
plate. The absorber is fixed permanently at the focus
of the parabolic concentrator .The concentric
transparent cover is used to protect the absorber tube
from the heatlosses and hence a vacuum pressure is
maintained. The parabolic concentrator is placed on a
rigid structure and the solar tracking mechanism is
placed on the rigid structure to track the solar
radiation by the parabolic concentrator. Focused on
there flecting plate  with rigid link of
PT.Candspecified that the main factor for
deformation of solar collector is self-weight [1].
Numerous researcher shave studied the design
performance issues of solar PTC structures and
parabolic concentrator. Eckhard and Michael have
studied these If-weight issue sand done a
performance enhancement by experimental prototy
petesting [2]. Vasquez Padillaetal. Have done a one
dimensional heat transfer analysis on parabolic
trough solar receiver and concluded that there
duction of 41.8% of convective heat loss resultinan
improvement of performances [3]. Edenburn has
done a performance study on cylindrical parabolic
collector by comparing theoretical evaluation with
the experimental result [4]. Naeeni and Yaghoubi
have performed wind flow analysis on PTC by
changing the orientation of the collector with wind

velocities of 2.5, 5, 10 and 15m/s. Theresultant force
acting on the collector structure was found to be
normal and the pressure fields acting around the
collector are found 15-20 times lesser than the
collector aperture area [5]. Rojasetal. Heat transfer
enhancement by using nanofluids has gained
significant attention by researchers and scientists past
few years. Preparing new fluids which can enhance
the heat transfer because ofThe limitation of
thermophysical properties and poor thermal
conductivity of conventional fluids (pure water,
ethylene-glycols etc.). Many researches used
nanofluids as a working fluidto enhance the transfer
performance by improved thermal conductivity of
working fluid. The concept of nanofluid was studied
by Choi [6] in 1995. Nanofluids showed a promising
future as heat transfer fluids due its better stability
and anomalous increase in thermal conductivity even
for small volume fraction of suspended
nanoparticles [7] and [8]. There are many advantages
of use nanofluids such as higher thermal
conductivities than that predicted by currently
available macroscopic models,excellent stability and
negligible penalty in pumping power due to pressure
drop and pipe wall abrasion. Different types of
nanoparticles such as metallic particles (Cu, Al, Fe,
Au, and Ag), non-metallic particles (Al,03;, CuO,
Fes0,4, TiO,, and SiC) and carbon nanotubes were
studied experimentally [9]. Past experimental studies
presented that the use of nanofluids enhanced the
thermal properties and convective heat transfer
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coefficients compared to the base

fluid [10],[11], [12],[13].
2. Material and Methods

2.1. Governing equations

Fig. 2.1 shows a schematic diagram of the
geometry and the computational domain used in the
present work. According to the geometrical
dimensions chosen in the experimental study .the
tube diameter d=20 mm have been considered. In this
problem, a steady and turbulent two-dimensional
flow is considered. It is also assumed that the
nanofluid is Newtonian and incompressible. In view
of the above assumptions, the governing equations of
the problem are the continuity, momentum, and
energy equations and the transport equations for the
turbulent Kinetic energy and its dissipation rate.

oU; _
0XL- - 0 (1)
oy _ 9P 0 f (Ui, OU5\
Lax; —  ax;  ox; ”(axj+axi) pulu]] (22)
— av; au; 2
it = (St + 5) =28,k (20)
Lax axl [ka_xl_puT ] @)

The turbulent viscosity term yu, is to be computed
from an appropriate turbulence model. The
expression for the turbulent viscosity is given as

pC — 4)

In the present study, k—¢ RNG turbulence model is
used as follows:

0 -9 ur) Ok _
Z(pku) = | () E |+ Ge—pe ©)

Similarly the dissipation rate of TKE, ¢ is given by

the following equation:

J =2 u) 9e G —Crpo

2 (pew) = 2| (u+ ) 2] + €1 26— Coep S
(6)

Where G,is the rate of generation of the TKE while
pe is the destruction rate

Gy Is written as:
——, 9y;
Gy = (_puluj)a_xj )

2.2. Boundary conditions
The boundary conditions applied in the
present work are illustrated in Fig. 1. As shown in

this figure, a velocity-inlet boundary condition at
constant temperature (298 K) is assumed at inlet with
a velocity magnitude compatible with Reynolds
number. The inlet turbulence intensity and hydraulic
diameter were set to be 5% and 20mm respectively.
The thermal boundary condition at the bottom well
surface is a constant heat flux. Also at the flow
outlet, the pressure-outlet boundary condition has
been assumed. To attain accurate prediction in the
circular tube, the standard k — € turbulence model,
the Renormalized Group (RNG) k — & turbulence
model were selected. The time-independent
incompressible Navier-Stokes equations and the
turbulence model analysis were solved using finite
volume method. To evaluate the pressure field, the
pressure-velocity coupling algorithm SIMPLE (Semi
Implicit Method for Pressure-Linked Equations) was
selected. The solutions are considered to be
converged when the normalized residual values reach
10" for all variables.

Working fluid - 4 O ™
g // < \\
Glass envelope

< > Reflector plate

V Absorber tube

Nano
B -
TTTTTITTTTTT
q" heat flux

Figure 2.1. Schematic Diagram of Solar Parabolic
Trough Collector

2.3 Thermophysical Properties of Nanofluids

In order to carry out the simulations for
nanofluids, the effective thermophysical properties of
nanofluids must be calculated first. In this case, the
nanoparticles being used is SiO,. Basically the
required properties for simulations are effective
thermal conductivity (k..r), effective dynamic
viscosity (urr), effective mass density (p.rf), and
effective specific heat (cp.ss). Regarding these, the
effective properties of mass density, specific heat,
thermal conductivity, and viscosity are actually
calculated according to the mixing theory.
For the density
The density of nanofluid, p,scan be obtained from
the following equation [13]:

Py = (1 —P)ps + Ppyy (8)
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Where psand p, ; are the mass densities of the based
fluid and the solid nanoparticles, respectively.

For the heat capacity

The effective heat capacity at constant pressure of
nanofluid, can be calculated from the following
equation [38]:

(pcy),, = 1 = ®)(pcy), + d(pcy),, ©)

Where (pcp)fand(pcp)np are the heat capacities of

the based fluid and the solid nanoparticles,
respectively.

Effective thermal conductivity By using Brownian
motion of nanoparticles in circular tube, the effective
thermal conductivity can be obtained by using the
following mean empirical correlation [38]:

keff = Kstatic T Kprwnian

(10)
. —k (knp+2kf)—2®(k f—knp)
static — *f (knp+zkf)+q>(kf+knp)
(11)

kpgrwnian =5 * 104B¢pfcpf ?f(T: ®)
(12)

Where:

Boltzmann constant: k = 1.3807 * 10‘2%

Values of B for different particles are listed in Table
2.1

Table 2.1 Values of B for Different Nanoparticles

Type of | B Conce | Tempe

partials ntratio | rature(
n(%) K)

SiO, 1.9526 1% < | 298K

¢ <|<TZC<

(1009)"145%*[13]| 1096 | 363K

Modelling,f (T, ¢)

T
f(T,$) = (2.8217 * 1072¢p + 3.917 * 1073) (F)
+ (—3.0669 * 1072¢ —

3.3991123 x 1073) For1% < ¢
<4%and 300K < T < 325K

Effective viscosity

The effective viscosity can be obtained by using the
following mean empirical correlation [82]:

1

d —-0.3
1—34.87(—”) 103
ar

d _[ 6M ]1/3
I Nmpgqy

Where M is the molecular weight of base fluid, N is
the Avogadro number = 6.022*1023 mol™, py,is the
mass density of the based fluid calculated at
temperature T,=293K. Table 2 shows the
thermophysical properties of water and nanoparticle.

Hepr = Urp * (3.12)

(3.13)

Table 2.2 The thermo-physical properties of water
and different nanoparticles at T=300K.

Thermo-physical Water SiO,

Properties
Density p(Kg/m?3) 998.2 2200
Dynamic viscosity, 1.00E-03 0
u(Ns/m?)
Thermal 0.6 1.2

conductivity, k (W/m.K)

Specific heat, Cp(J/kg.K) 4182 703

3. Results and Conclusions

3.1 The Effect of SiO,Nanoparticles

The effect of usedSiO, Nanoparticleswith
pure water as a base fluid is studied. In order to study
the effect of SiO,-water nanofluid on the heat
transfer enhancement of parabolic trough collector
and all other parameter of the system of heat transfer
should be fixed. The variation of Nusselt number
versus different Reynolds number is shown in Fig.3
with using SiO,-water nanofluid for volume fraction
of 0.04 and practical diameter of 20nm of nanofluid
and pure water at the tube diameter(d = 20mm )in
this case. As shown in this figure, the Nusselt
number of nanofluid is higher than that of the base
fluid (water) as the presence of nanoparticles directly
results in an increase of thermal conductivity.
Besides, the heat transfer improvement is also
associated by the collision among nanoparticles and
also between the nanoparticles in fluid and surface
wall, leading to an increase in the energy exchange
rate. Nusselt number increases with increasing
Reynolds number due the intensification of the
nanofluid mixing fluctuation. In addition, with using
nanofluid as a working fluid, it is clearly seen a
significant enhancement on tube surface resulting in
a thinner thermal boundary layer and thus superior
convective heat transfer.
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Figure 3 the variation of Nusselt number versus
different Reynolds number with SiO,-water
nanofluid at volume fraction of 0.04, practical
diameter dp=20nm in parabolic trough collector

3.2 The Effect of Different Volume Fractions of
Nanoparticles

This section analyses the effects of Different
Volume Fractions of SiO,-water nanofluidin
parabolic trough collector on the Nusselt number.
The effect of various volume fractions on Nusselt
number is shown in Fig.4. In this study the Reynolds
number varies from 10000 to 30000 and the
nanoparticle concentration in the range of 0-4% is
investigated. From the results, it is clearly seen that
SiO, nanofluid with highest volume fractions of 4%
has the highest average Nusselt number at all
Reynolds numbers. In fact, by increasing the volume
fractions of nanofluid lead to increase the thermal
conductivity of the fluid and the increases of thermal
conductivity and collision of nanoparticles which are
favorite factors for heat transfer enhancement. Pure
water has zero volume fractions and provides the
lowest average Nusselt number. It is also noted that
the average Nusselt number increases with the
increase of Reynolds number.

310 -

100700‘ ‘ ‘ ‘lSlIJDO‘ ‘2%1‘)20‘ ‘25(‘)00‘ ‘ ‘ ‘30000
Figure 4 the variation of Nusselt number versus
different Reynolds number with different
nanoparticle concentrations of SiO, nanofluidat
nanoparticle diameter of 20nm in parabolic
trough collector

3.3 The Effect of Different Nanoparticles
Diameters,dp

The effect of different nanoparticles
diameters of SiO, nanofluid on heat transfer
enhancement in the tube of parabolic trough
collector. The influence of different nanoparticles on
the Nusselt number with different Reynolds
numberare investigated in this section. The range of
nanoparticles diameter are varied from 20nm-50nm
with  fixed other parameters such as the
concentrations of SiO, nanofluid is 4%. As illustrated
in Fig 4, the results show that the Nusselt number
increases with decreasing the nanoparticles diameter
for all Reynolds numbers. The maximum Nusselt
number is found at nanoparticles diameter of 20nm.
The effective dynamic viscosity of the nanofluid
increases with the decrease of the nanoparticles
diameter resulting in better heat transfer.

310

300 |

Nu

n n n n 1 n n 1 n n n n n n n n
10000 15000 20000 25000 30000
Re

Figure 5 The variation of Nusselt number versus
different Reynolds number with different
nanoparticles diameters of SiO, nanofluid at
volume fraction of 0.04 in parabolic trough
collector

As a results, the effects of using SiO,-water
nanofluids on the heat transfer field in the tube of
parabolic trough collectorwere numerically analyzed.
The influence of different volumes fractions in the
range of 0% to 4 % and different nanoparticle
diameters in the range of 20nm to 50nm, dispersed in
a base fluid (water) have been discussed in detail.
From the results, it is clearly seen that The Nusselt
number considerably increased with increasing
Reynolds number, Re in the range of 10000-30000.
The SiO, nanofluid has the highest Nusselt number
value, followed by pure water. The results show that
the Nusselt number increases with decreasing the
nanoparticles diameter and it increases with
increasing the volume fraction (concentration) of
nanoparticles.

Nomenclature

A jet-exit cross section area
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Cp specific heat (J/kg K)

d diameter of nozzle

f friction factor

H nozzle-to-surface spacing, [m]

k thermal conductivity (Wm—1 K1)

k turbulent kinetic energy (m2/s2)

kB Boltzmann constant (=1.3807x10-23 j/k)
I turbulence length scale

Nu average Nusselt number

P pressure (Pa)

PP pumping power

Pr Prandtl number
q Uniform heat flux (W.m—2)
Re Reynolds number

T temperature (k)
jet-exit cross section area
Cp specific heat (J/kg K)
dp Nanoparticle diameter[nm]
f friction factor
H nozzle-to-surface spacing, [m]
thermal conductivity (Wm—1 K—1)
k turbulent Kinetic energy (m2/s2)
kB Boltzmann constant (=1.3807x10-23 j/k)
I turbulence length scale
Nu average Nusselt number
P pressure (Pa)

PP pumping power

Pr Prandtl number

q Uniform heat flux (W.m—2)
Re Reynolds number

T temperature (k)

Greek letters
a thermal diffusivity

S distance between particles (m), defined in

Eq. (12)

dissipation rate of turbulent Kinetic energy
nanoparticles volume fraction

dynamic viscosity (N. s. m—2)
turbulent or eddy viscosity
kinematics viscosity (m—2.s—1)

density (kg . m—3)

thermal diffusivity

distance between particles (m), defined in
Eqg. (12)

dissipation rate of turbulent Kinetic energy
nanoparticles volume fraction

dynamic viscosity (N. s. m—2)
turbulent or eddy viscosity
kinematics viscosity (m—2.s—1)

density (kg . m—3)
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ABSTRACT

The main motivation of combining the Photovoltaic (PV) and Thermal collector (T) to be photovoltaic
thermal collector (PVT) systems is to increase the efficiency of the collectors. It is known fact that the efficiency
of the photovoltaic decreases when the ambient temperature increased and vice versa. The system works by
absorbing the heat gain from the sun using the photovoltaic module and convert it to electrical energy. Some of
this energy is then transferred to the absorber collector underneath the PV module as a waste energy. Problem
statement: Simulations have been performed to investigate the optimum round tube design using water with
and without nanofluids as base fluid, and the effect of various mass flow rates against the thermal, electrical and
combined PVT efficiencies. Approach: different diameters of Round tube absorber have been designed and
sublimated using water with and without nanofluids. In this simulation, it is assumed that the absorber collectors
were attached underneath the flat plate polycrystalline silicon photovoltaic module and fluids have been used as
a heat transfer medium in absorber collectors. Results: The CFD simulation results have been show that the best
Round tube absorber design is R20mm-SiO, generated combined PVT efficiency of 73.78% with PVT electrical
efficiency of 13.67%. The mass flow rate is set (0.068-0.170) kg/s for all absorber collectors and solar irradiance
test for the whole day. Conclusion/Recommendations: The best mass flow rate has been achieved for R20mm-
SiO, absorber collector was 0.170 kg/s. It was recommended for PVT system to further improve its efficiency
by optimizing the contact surfaces between the PV module and the tubes underneath and using different types of
nanofluid such as (SiC, TiC and TiO,).

Keywords: Round absorber collector; CFD, Nanofluids; Energy; Photovoltaic thermal (PVT); Electrical;
thermal and combined efficiency.

1. Introduction for heat removal have been numerically and

A hybrid PV/Thermal (PVT) system, in  experimentally studied.
which heat from the PV panel is removed by a
working fluid, can simultaneously convert solar
energy into electrical and thermal energy. Compared
with separate PV or thermal systems, the hybrid
system has several advantages, including high total
energy conversion efficiency, low cost, and small
installation areas. Solar PVT applications can
provide heat and electricity. To achieve high
efficiency and significant amounts of power and heat
from PVT systems, PV module should be cooled,
particularly in areas with hot and humid climate.
Thus, the overall efficiency of solar energy is
improved. Fluid-based PVT collectors are more
desirable and effective than existed air systems.
Temperature fluctuations in the base fluid (water) of
PVT are significantly less than those in the air-based
PVT collectors, which are subjected to varying solar
irradiance levels. Over the past decades, various PVT
systems or collectors that use water as working fluid

Research in this field was carried out in the
middle of 1970s to early 1980s. As mentioned by
Zondag, Jong [2] combining the PVT collector will
answer the problems such as PV efficiency
increasing due to the cooling effect, provide more
architectural uniformity by aesthetical design and
finally, minimized the usage of space on the roof will
reduce the payback period.

Nanotechnology is important vis-a-vis the
promotion of technology and applications.
Nanofluids are a mixture of liquid (base fluid) and
nanoparticles [3]. Nanofluids improve thermo-
physical properties, such as thermal conductivity,
viscosity, and convective heat transfer coefficients
compared to conventional fluids [4]. A new and
simple way to improve the performance of solar
collector is to use nanofluids in place of conventional
heat transfer fluids.

Joshi et al. [5] studied and compared two
PV configurations namely; model (I) glass-to-tedlar
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and model (I1) glass-to-glass. They concluded from
the two proposed models that increases the duct
length leads to decrease the overall thermal
efficiency. These results agree with the results
obtained from [6, 7].Several investigator shave
presented the effect of the space between the tubes
with respect to tube diameter ratio (W/D) and the fin
thickness on the PVT energy performance. Bergene
and Levvik [8] studied the relation between the
geometric parameter W/D and the performance of

ncombined = T]th + T]el (1)

PVT system. They reported that as the fin width to
tube diameter “W/D” increases from 0.01m to 0.1m
the thermal efficiency is approximately halved. Also,
the thermal efficiency maybe increased only with a
factor 0.lifthemass flow rate increases from 0.001 to
0.075 kg/s while increasing the W/D from 1 to 10,
the outlet temperature decreases.Zondag [9] reviewed
various concepts of combined PV-thermal collector
technologies by introducing and evaluating nine
different designs, ranging from the complicated to

the simple, in order to investigate the maximum yield.

They concluded that the design of the channel below
the transparent PV, with its PV-on-sheet and tubes
design, gives the best efficiency overall.

PVT collectors have been recently utilized
in different industries, and such collector motivated
researchers in different fields of study to carry out
experimental and numerical investigations [11-20].
Literature showed that the PVT technology has an
inherent drawback of producing lower efficiencies
compared to their individual units, due to lower
absorption coefficient and higher thermal resistance.
Meanwhile, nanofluids with properties leading to
superior heat transfer characteristics encouraged the
researchers to also introduce these nanofluids into
PVT collectors. Therefore, enhancing heat transfer
using nanofluids is implemented in this work. The
present work is a simulation study using CFD-
ANSYS to investigate the effects of optimum round
tube absorber using water-based and different
nanofluids (CuO and SiO,) on the PVT’s collector

performance to  determine the  maximum
enhancement that can be achieved.
2. Material And Methods
2.1 Governing Equations
The governing equations (continuity,

momentum, and energy) must be set to complete
CFD analysis of the PVT collector. The phenomenon
under consideration was governed by the steady 3D
computational domain of the continuity, time-
averaged incompressible Navier—Stokes equations,
and energy equation. In the Cartesian tensor system,
these equations could be written as (Eiamsa-ard and
Promvonge 2008).

2.2 Energy Analysis of PVT Collector

The efficiency of the photovoltaic cells
depends on module temperature (Duffie & Beckman
1980). Furthermore, the performance of PVT
collectors can be depicted by the combination of the
efficiency expression. It comprised of the thermal
efficiency (ng) and the PV efficiency (ma), which
usually include the ratio of the useful thermal gain
and electrical gain of the system to the incident solar
irradiance on the collector within a specific time or
period. The combined photovoltaic thermal (PVT)
efficiency (Meompinea) Was used to evaluate the overall
performance of the system (Duffie & Beckman
1980).

The thermal performance of the PVT unit
was evaluated for its thermal and PV performance.
Thus, the derivation of the efficiency parameters
based on the Hottel-Whillier equations (Hottel &
Woertz 1942) was used. The thermal efficiency ()
of the conventional flat plate solar collector can be
calculated as follows:

oy ™ Ac
The useful collected heat (Q,) from water in

terms of its temperature increase can be expressed as
follows:

TTth

Q :me(To -T;)

(3)
The difference between thermal heat losses
mC '
Fr :—Up *|1-ex ——AC_ULF (4
AU mC,

and the absorber solar irradiance was identified using
the Hottel-Whillier equations, then; the energy
balance equation for the collector is:

Q=AFR[S-U(T-T))] 6

The solar irradiance absorbed by a collector
per unit area of absorber (S) can be expressed as
follows:

S = (zx) py I(t) (6)

The heat removal efficiency factor (Fg) can
be calculated using:
The corrected fin efficiency (F") is:

1

. U,
F = 7
1 1 1 ()

U(D+(W-D)F ' ¢y  Dihg
Therefore, the efficiency factor (F)can then
be calculated using:
F - tanh [M(W - D)/2] )
M(W - D)2

UL
(Kabs-Labs)+(kpv-va)

where: M = \/
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The useful heat gain of the solar collector
can be calculated, while the thermal efficiency of the
collector can be expressed as (Vokas et al. 2006):

Ti _Ta

1)
The  temperature-dependent  electrical

efficiency of the PV module ny, is expressed as
follows (Tiwari & Sodha 2006 a):

el =1y (1_ﬂ(Tpm -Ty )) (7)

1th = Fr(7a )= FrU( ) (6)

na is the electrical efficiency,n, is the
reference efficiency of the PV module (7, =0.14),
is the temperature coefficient (0.0045 °C™), Temis the
temperature of the solar cells (°C), and T, is the
reference temperature.

2.3 Thermo-physical Properties of Nanofluid

In order to simulate nanofluids, the effective
thermo-physical properties of nanofluids have been
calculated. In this case, the nanoparticles being used
(CuO and SiO,). Basically, the required properties
for simulations are effective thermal conductivity
(ke), effective dynamic viscosity (i), effective
mass density (o), and effective specific heat (Cper).
In terms of these factors, the effective properties of
mass density, specific heat, thermal conductivity, and
viscosity are actually calculated according to the
mixing theory.

2.4 Design Configurations of the Absorber

As the PV cells in the PV module are
exposed to the sun, they generate electricity while
absorbing heat, causing the absorber to increase its
temperature. During this time, the base fluid passing
inside the absorber tubes is heated because of the
contact underneath the PV module. The base fluid
flows along the absorber through a manifold and
pipes before being finally fed to tank. The absorbers
are equipped with an inlet and outlet at opposite ends
of the hollow tubes, which ensure that the trapped
base fluid in the absorber can be released. The
system is considered a closed-loop system, wherein
the fresh and cool base fluid that enters the round
tubes is heated continuously. The collector
conceptual designs used in this study are shown in
Figure 1.

Figure 1 Round Absorber Design for PV/T
Collector

3. Results And Conclusions

In this round of analysis, the optimum
absorber dimensions (Round [d]) that can realize the
best PVT module temperature reduction has been
determined. Figure 2 illustrate the effect of absorber
dimensions on the mean PVT module temperature at
different solar irradiance (400-1000)W/m?* and mass
flow rate m= 0.068 kg/s. It is clearly to see that the
when increased the tube dimeter [d] the Tyn
decreases and it is be almost constant at Round tube
[d=20mm] therefore form all these dimensions
[d=10-27.5] mm, the Round tube [d=20mm] for
simulation has been selected because it is give the
lowest T, can achieved.

Based on the CFD numerical analysis on the
PVT collectors, it is proved that both efficiencies
increased when the mass flow rate increased.For
electrical PVT efficiency (ne) and mean PVT plate
temperature (T,m) over mass flow rate for nanofluids
and water as shown in Figure 3, it is clear to see that
the electrical efficiency for nanofluids (CuO and
SiO,) increased and enhanced for optimum round
absorber design compare with water. The highest and
best numerical enhancement for nghave been found
to SiO, nanofluid [d=20mm], it is increased from
11.93 to 12.13% for SiO, nanofluid, followed by
CuO nanofluid increased from 11.71% to 11.93%,
Water increased from 10.77% to 10.94%, and PV
module reference of 6.5%.
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Figure 2 Ty versus PVT absorber (Round tube)
at different solar irradiance and m= 0.068 kg/s
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Figure 3 ng with Ty, over mass flow rate for
optimum Round tube [R20mm] water and
nanofluids (CuO and SiO,)

In order to numerically evaluate the
performance of the best Round tube with nanofluid
[R20mm-SiO,] PVT Collector, the whole day
numerical results have been shown in Figure 4 and
Figure 5, which illustrate solar irradiance, mean PVT
module temperature, and (electrical, thermal and
combined) PVT power and efficiency.According to
Figure 4, the maximum mean PVT plate temperature
and electrical PVT efficiency from the [R20mm-
SiO,] design absorber reached approximately
56.35°C and 11.70% respectively at mass flow rate
0.068 kg/s, by increased the mass flow rate the Tyn
decreasing and mg increased till optimum mass flow
rate 0f0.170 kg/s. Heat loss between the PVT
collector and environment was altogether higher than
that between the conventional solar collector and
environment. Hence, the thermal effectiveness of the
PVT collector was marginally lower than that of the
conventional solar collector because of the expanded
hear-loss coefficient.

Figure 4 shows the trends of solar irradiance,
electrical, thermal, and combined PVT power for the
whole day. Electrical, thermal, and
combinedPVTpower  varied continually  with
increasing solar irradiance and time. The results
indicated that the electrical, thermal, and combined
PVT power used for the [R20mm-SiO,] PVT
collector varied (20-60.46) W, (125-456.22) W, and
(145-516.67) W, respectively, at mass flow rate of
0.170 kg/s.Based on Figure 4 and the equations of
PVT energy balance, the electrical, thermal, and the
combinedPVTefficiency over daytime have been
determined.Figure 5 illustrates the variation in the
(electrical, thermal, and combined) PVT efficiency
with hourly solar irradiance over daytime with the
R20mm-SiO, absorber flow and a mass flow rate of
0.170 kg/s. The results shown that the electrical
efficiency was 12.43-13.67%, thermal efficiency was
51.01-6 60.08%, and combined PVT efficiency was
63.98-73.78%.The total of both efficiencies, which is

known as combinedPVT efficiency, was used to
evaluate the combined performance of the
system.Figure 6 and Figure 7 show the contour
profile of temperature distributions on the R20mm-
SiO; absorber. It is clear that the temperature profile
was uniform.
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Figure 7 3D streamlined profile of R20mm-SiO,
absorber design

4. Conclusion

Solar cells generate large amounts of
electricity when large amounts of solar irradiance are
received. However, the efficiency drops when the
temperature of solar moduleincreased. Hybrid PVT
Collector can solve this problem. The PVT collector
with a Round tube using Nanofluids exhibited
effective performance in cooling, as well as high
electrical and thermal efficiency. The electrical and
thermal production of a PVT hybrid system increased
with decreasing temperature of the environment. At a
mass flow rate of 0.170 kg/s, electrical PVT
efficiency of 13.67% and combined PVT efficiency
of 73.78%have been achieved. The efficiency of the
PVT system has been improved by numerical study
using CFD for optimum round tube absorber designs
using water and different types of nanofluids as base
fluid.
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Abstract Bung Hatta University is one of the largest colleges in West Sumatra, at this time of Bung Hatta
University has three campus locations which campus | , Campus I, and Il campus. AC loads are used with
varying load consumption patterns of 640,375 kVA. Therefore, the consumption levels are quite high, therefore
the consumers make efforts to save electricity consumption. On Government Regulation No. 70 of 2009 states
that users of energy sources and energy use of energy resources greater than or equal to 6,000 tons of oil
equivalent per year are required to conduct energy conservation through energy management. For the HVAC
system as the Regulation No.14 of 2012 of the Minister of Energy and Mineral Resources Chapter Il on the
implementation of energy savings, that the temperature is between 24 °C workspace is set up to 27 °C with
relative humidity between 55% to 65%. Performance assessment method Air Conditioning (AC) includes
detailed calculations COP (coéficient of Performance) and the cooling effect in terms of the external fluid is air.
There is a linear relationship between temperature settings to energy consumption, and COP refrigeration effect.
Decrease the temperature setting from 25 °C to 17 °C causes a linear reduction in energy consumption, increased
refrigeration effect and increased COP linearly. Based on efficiency opportunities derived from the lights and air
conditioning in Campus Il University of Bung Hatta when setting air conditioning is carried out at 17 °C, the
total average efficiency of 42.78% with a total energy 62,680.31 kWh kWh or Rp 23,773,702 per month if using
air conditioning with a capacity of 1 PK so that every space there are 4 air conditioning. If using AC 2 PK then
an efficiency of 37.13% with energy at 54402.05 kWh or Rp 20,633,884. So that every room there are 2 AC 2
PK

Keywords:  Air conditioning; temperature  setting; energy  efficiency; cost efficiency.

1. Introductions _ . _
The times will always be accompanied by ~ Virtually —every energy consuming electrical

the development of technology, the technology appliances. Bung Hatta University Campus Il

development the necessities of life will also continue ~ requires power to electricity which is large enough

to increase. Electrical energy is a very important
requirement in fulfilling the needs of human life,
both in the governance, economic, social, education
and so forth. The level of electrical energy
consumption in every aspect of life varies greatly
depending on the type and amount of weight used,
one aspect of education that requires electrical power
which is large enough that of the University.

Power requirements that exist on the
campus of the University of Bung Hatta Il can be
seen from electrical loads such as lights, Air
Conditioning, and the pump motor is an electric load
dominant use. AC load and the lights are very widely
used on each floor of the building and use patterns
loads pretty much in a day, in this case the AC power
sometimes does not match the size of the room and
the lights remain lit even if the room is not in use.

Therefore, the consumption levels are quite
high, therefore the consumers make efforts to save
electricity ~ consumption.  Saving  electricity
consumption will have an impact on the costs to be
incurred consumers each month, at the current
spending on electric bill Bung Hatta University is
large enough that Rp 55,572,400 per month for

that 935 kVA.

One of the actions in the program evaluation is to
increase the efficiency of electrical energy use, in
this research the method used is energy conservation.
Conserving energy is increased efficiency of energy
used or the energy savings, this process includes the
evaluation of power requirements and calculate the
level of energy consumption of a building by
regulating the temperature setting of air conditioner
operation. From the results of the count will be seen
the amount of savings that can be done. The more
efficient use of electrical energy the less the costs to
be incurred for the level of energy consumption.

2. Material And Methods
2.1. Research purposes

The purpose of that is expected from this research

are :

a. Knowing the amount of electrical energy
consumption of air conditioning in the campus of
the University of Bung Hatta Il .

b . Calculating the power of the load is attached to
every building , especially air conditioning
(AC), lights and other electrical equipment .
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¢ . Looking for a solution to the achievement of the
efficiency of energy use on the campus of the
University of Bung Hatta Il .

d Determine the amount of energy saved through
the setup of the operating temperature of the AC

e . Knowing the costs can be saved after the setup of
the operating temperature

2.2. State of the art review

In conducting this study, researchers took
reference from research Yadi Mulyadi and Anggi
Riski discuss energy audit analysis for the
achievement of energy efficiency in building
FPMIPA JICA Indonesia University of Education
andthe its relation to the impact on the electricity bill.

Hidayati daughter in her study describes
the effect of setting the temperature on the
performance of AC Split. Yoga Prasetya also explain
the increased efficiency of energy use in lighting
systems and Air Conditioning (AC) at the Public
Library and Archives Malang, on conserving the use
of Air Conditioning (AC) and lighting systems.
Seeing the effect of efficiency between the floor and
the building does not use air conditioning to the floor
using AC. Therefore, it is necessary austerity
measures among which the increase in the efficient
use of air conditioning and lighting systems of
buildings. Of the final calculation of the value
obtained IKE to the floor do not use the AC is 4.12
kWh / m2 / month including the category of very
wasteful and to the floor using the AC that is 12.12
kWh / m2 / month including ketegori fairly efficient.

Based on some of the above references
researchers developed an energy audit of electricity
and cost reductions from existing methods into an
implementation Setting Effect on Consumption
Temperature Electrical Energy on Campus |l
University of Bung Hatta.

2.3. Method of Analysis

a) Literature
The study of literature is done by obtaining
information from books, scientific journals, and
browsing through the internet on the electric
power and energy use efficiency efforts in
various cracked. By collecting various sources of
data available on the campus of the University of
Bung Hatta Il, to plan the calculation load
attached to then look for energy saving solutions.
In this case also learn about the research, namely:

i Learn about the characteristics load electricity
and electrical energy consumption in each
building.

ii. Studying the potential energy-saving
opportunities that can be done such as lighting
systems, air conditioning and other electrical
loads located in the Campus Il University of
Bung Hatta.

b) Data collection on Campus Il University of Bung

Hatta

The data collection was conducted to determine
the actual circumstances and conditions , such as
. the condition of the building at Campus Il
University of Bung Hatta or the number of
buildings that are still used , the type of device
used , and usage patterns of electrical load on
Campus Il University of Bung Hatta .

C) the collection and compilation of data bills
electrical energy consumption last vear .

d ) Analysis of energy-saving opportunities ( PHE )
Follow-up analysis of energy-saving
opportunities , namely by adjusting the operating
temperature setting air-conditioning, energy-
saving opportunities analysis is done by
businesses as follows :

i. Reducing the lowest possible energy
consumption (reducing kW and hours of
operation ) .

ii.  Improve the performance of equipment

2.4. Air Conditioning ( AC)

Air Conditioning (AC) is the equipment used
to take the mouth of an area or provide heat in an
area , using a refrigeration cycle. In general , the
current AC is also used to cool and heat the room in
a building or on a vehicle . The main function of AC,
namely :

1. Obtain the desired temperature and constant
throughout the day .
2. Obtain cash humidity throughout the day .
3. Obtain circuit / air flow can be adjusted as
needed.
4. Clean / filter dust and smoke from the air .

A system that combines heating, ventilation
and air-conditioning is often called HVAC (heating,
ventilation, and air conditioning). The system serves
to provide filtered fresh air, heating or air cooling, as
well as control of air humidity on a room.

Generally AC consists of four main parts:

1) Condensing coil
Condensing coil that is a pipe through which the
coolant (refrigerant) with a temperature higher
than the liquid refrigerant in the evaporator coil.
This section is outside the room. Its function is to
remove heat is brought to the outside air so that
the liquid refrigerant to cool back, resulting in a
change of the refrigerant vapor to a liquid phase.

2) Expansion valve
Expansion valve (valve developer), in the form of
a turning point refrigerant from liquid to gas
phase.

3) Evaporator coil
Evaporator coil that is a pipe through which the
coolant temperature is low, this section will
reduce the humidity of the air space in its path
and take the heat resulting in a change of the
liquid phase refrigerant into vapor. The
evaporator coil is a part that is located indoors.

4) Compressor
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Compressor function continuously feed and
suction pressure in the coolant (refrigerant).

2.5. Efficiency Air Conditioning System

Judging from the composition of the load used in
the Campus Il University of Bung Hatta, the AC
load power consumption is large enough that
79% of the total load is calculated. To obtain
comfort in the room, the temperature should be
in accordance with the implied ranged between
18 °C- 22 °C. For each room is used and the type
of air conditioning cooling capabilities differ
according to their needs in order to avoid waste,
the level of electricity consumption for the air
system is affected by total AC power, the
amount of time the old dam operate the air
conditioning on each room.

Based on the data captured in the field, the
average consumption of a conventional AC for 1
PK has a 736 Watt, 1 %2 PK with 1104 Watt
power, and 2 PK has a 1472 Watt power. With a
conventional AC power that is big enough then
the level of electricity energy consumption in the
Campus Il Bung Hatta University will be great
as well. then to saving electrical energy
consumption levels should be taken in the air
system , one of the things that can be done is to
adjust the temperature setting operation .

2.5.1. Evaluation AC

Data from the main measurement results are
good temperature and humidity as well as
temperature and humidity chamber at ambient plots
on software - T3 CAT (Computer Aided-
Thermodynamic ) in order to obtain air enthalpy .
The parameters of the study results and measurement
data is shown as follows :

4
3,5 .
3 *« 1PK
825
= = 1.5PK
2
15 2PK
1
1% 1F 19 21 2% 25 Zi
Setting Temperatur Ruang (°C)

Figure 1 : Chart the influence of temperature
settings to COP

COP generated drops linearly with increase in
temperature setting. At AC 1 PK obtained the lowest
COP on the setting of 25 ° C of 1.93, and the highest
at 17 oC setting of 3.12 and COP obtained rise of
38.14 % . For AC 1.5 PK lowest COP at 17 ° C
temperature setting of 3.49 and the lowest setting of
25 ° C of 1.98 , the obtained COP rise of 43.26 % as

well as AC 2 PK , the lowest COP of 2.01 and the
highest was 3.53 , the obtained COP rise 43.2 % .
As a result of reduced temperature setting, the
refrigerating effect increases as in Figure 5.1
Refrigeration effect rises linearly with the
decreasing temperature setting. With the reduced
temperature setting is obtained increase in
refrigeration effect of 9.34 % for AC 1 PK, 7.72%
for AC 1.5 PK and 9.65 % for AC 2 PK . Setting
temperature changes affect the amount of energy
consumption as shown in Figure 5.2
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Figure 2: Chart the influence of temperature
settings to refigeration effect
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Figure 3: Chart the influence of temperature
settings to energy consumption

3. Result and Conclusions

3.1.  Analysis

i. After afield survey on Campus Il University of
Bung Hatta to calculate the load attached there,
then the largest consumption rate that is the AC
load at 68, 96%, amounting to 29.56% of the
light load, and other expenses amounted to
1.48%. From the pattern of use of the burden on
the number of kWh used, the average electricity
consumption amounted to 5635.3 kWh per day
with 11 hours of operating hours (hours are
from 07:30 to 18:30). With the use of a large
enough then the bill payment of electricity bills
by an average of Rp. 40.3705 million,
accounting for consumption and the burden of
bills is a merger between the use OPLT (outside
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peak load time) and the use of PLT (peak load
time).

From the results of calculations performed on
the kWh meter knowable maximum load that is
used to load attached that is 928.578 kVA,
while the installed power at the Bung Hatta
University Campus | amounted to 935 kVA.
The maximum load is used occurred at 15.00
hours, on the ratio between the maximum load
and the load is attached the result is that the
load used is 68.49% of the available capacity.

iii. Based on efficiency opportunities derived from
the lights and air conditioning in Campus Il
University of Bung Hatta when setting air
conditioning is carried out at 17 ° C, the total
average efficiency of 42.78% with a total
energy 62680.31 kWh kWh or Rp 23,773,702
per month if using air conditioners with a
capacity of 1 PK so that every space there are 4
air conditioning. If using AC 2 PK then an
efficiency of 37.13% with energy at 54402.05
kWh or Rp 20,633,884. So that every room
thereare 2 AC 2 PK

1 HP 1.5 HP 2HP
= % % %

PARAMETER o | e 25C | 17¢C BC | 17C
o 193 | 312 | 6186 | 1,98 | 349 | 5673 | 201 | 353 | 56,94
REF 9,34 7,72 9,65
ENERGY 42,78 38,59 37,13
EFF (Wh/days) 2.410,78 2.174,66 2.092,39
EFF (kWh/month) 62.680,31 56.541,22 54.402,06
EFF (Rp/month) 23.773.702 21.445.235 20.633.884

Figure 4 : The results table efficiencies gained due to the effects of air
conditioning temperatut$ seéfiigch AC obtained with a reduced tendency of

4 2.410,78

23.773.702

21.445.235
AT 4
‘ ' 20.633.

Fiaure 5 : Granh the result

All paragraphs must be indented. All

4. Conclusions

2)

3)

4)

increase in the COP setting temperature. With the
drop in temperature setting obtained COP rise of
38.14% for AC 1 PK, 43.26% for AC 1.5 PK and
43.2% for AC 2 PK.

For every capacity air-conditioning refrigeration
effect is obtained trend of the increase with a
decrease in room temperature setting. With the
drop in temperature setting is obtained increase in
refrigeration effect of 7.72% for AC 1 PK, 9.34%
for AC 1.5 PK and 9.65% for AC 2 PK.

Increasingly setting the room temperature, the
compressor energy consumption is increasing. The
greater the capacity of the AC, the energy
consumption increases. Retrieved decline in
consumption of 42.78%, for AC 1.5 PK amounted
to0 38.59% and AC 2 PK amounted to 37.13%.

Setting air conditioning temperature in each room
must be made 17 °C so that an efficiency of 42.78%
with a total energy 62680.31 kWh kWh or Rp
23,773,702 per month if using air conditioners
with a capacity of 1 PK so that every space there
are 4 air conditioning. If using AC 2 PK then an
efficiency of 37.13% with energy at 54402.05
kWh or Rp 20,633,884. So that every room there
are2 AC2PK
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Abstract During the last decade, there has been an increased interest to develop renewable energy
technologies that could contribute to our ever-increasing energy needs. This concern was due mainly to the
rising price of conventional energy sources and their limited supply. Renewable energy technologies were
becoming, if not immediately at least for the close future, as technically and economically viable and
environmentally friendly. In this study, a design of a stand-alone system for supplying the electrical load for a
greenhouse in Sabha city at remote desert areas in Libya was presented. Sizing each component used in the
stand-alone system that will power all electric appliances at a medium-energy-consumption greenhouse in Sabha
city based on Watt-hour demand were presented. This paper elaborates early research works in this area. In
addition, the costs of all system parts are included and the total cost is estimated. From the results, the most
important conclusion is the cost of running these generators can be quite expensive when factoring in fuel
availability and transportation costs. It is currently not economically feasible to extend the grid to such
locations. The power must be generated locally. The purpose of this work was to analyze the feasibility of PV
power generation for such a remote setting. It is shown that the PV generation system can be competitive

compared to current diesel powered installations.

Keywords: greenhouse: stand-alone PV systems: PV sizing: cost evaluation.

1. Introduction

The sun provides the energy to sustain life
in our solar system. In one hour, the earth receives
enough energy from the sun to meet its energy needs
for nearly a year [1]. Photovoltaic is the direct
conversion of sunlight to electricity. It is an attractive
alternative to conventional sources of electricity for
many reasons: it is safe, silent, and non-polluting,
renewable, highly modular in that their capacity can
be increased incrementally to match with gradual
load growth, and reliable with minimal failure rates
and projected service lifetimes of 20 to 30 years [2].
It requires no special training to operate; it contains
no moving parts, it is extremely reliable and virtually
maintenance free; and it can be installed almost
anywhere. A photovoltaic system is a complete set of
interconnected components for converting sunlight
into electricity by photovoltaic process including
array, balance-of-system, and load. Over the last
three decades, steady advances in technology and
manufacturing have brought the price of photovoltaic
modules down significantly to about $4-$5 per peak
watt [3]. The intensity of the sunlight that reaches the
earth varies with time of the day, season, location,
and the weather conditions. The total energy on a
daily or annual basis is called irradiation and
indicates the strength of the sunshine. Irradiation is
expressed in Wh.m™ per day or for instance kWh.m?
per day. Photovoltaic panels collect more energy if

they are installed on a tracker that follows the
movement of the sun; however, it is an expensive
process. For this reason they usually have a fixed
position with an angle called tilt angle (B). This angle
varies according to seasonal variations.

1.1 Literature review

Photovoltaic systems represent a silent, safe,
not pollutant and renewable source of electrical
energy [4]. Harnessing solar energy to power
electrical appliances starts by converting the energy
from the sun to electricity. Photovoltaic (PV) is the
direct conversion of solar energy into electricity. PV
systems can be used to exploit the solar energy in
almost all applications. With fossil fuel resources
expected to be depleted this century, PV Power
systems provide a means of providing electricity to
the developing world without concern for fuel supply
security [4]. Today, more than 1.4 billion people all
over the world lack access to electricity. About 42%
of the people are from Sub-Saharan African, with
over 76 million in Nigeria and some 69 million in
Ethiopia and most of the rest in developing Asia [5].
Furthermore, 85% of these people live in rural areas.
To improve access to electricity in the rural areas in
Libya, a decentralized off-grid extension is
considered in form of solar PV. An Off-grid PV
systems are systems which use photovoltaic
technology only and are not connected to a utility
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grid. The systems use the DC output of the PV
modules to power DC loads, while a bank of battery
is used to store energy for use when there is demand.
The DC output of the batteries can be used
immediately to run certain low DC Voltage loads
such as lighting bulbs or refrigerators or it can be
converted by an inverter to AC voltage to run AC-
loads that constitutes most appliances. Stan-alone PV
system provides affordable electricity in area where
conventional electricity grids are unreliable or non-
existing [6]. In addition, there are also other
applications to assess PV in cathodic protection (CP)
has been made by Saleh et al. [7]. In such cases, the
cathodic protection (CP) stations are usually far away
from electric grid. CP station may be located more
than 2Km from 11KV transmission line. The total
PV system in this field was around 300 systems by
the end of 2005, with total installed PV systems of
540 kwp. The second study conducted in 2006 by
Salen et al. on PV systems was on rural
electrification source to electrify rural areas
consisting of electrifying scattered houses, and water
pumping, which was done in several sites in Libya,
some of these villages are: MrairGabis village,
Swaihat village, etc. The installation of photovoltaic
systems started in the middle of 2003. The total
number of systems installed by General Electricity
Company of Libya (GECOL) was 340 with total
capacity of 220 kwy,. A review of PV technology was
carried out by Jadi et al. [6] in which a survey on
photovoltaic systems, its installation and applications
in Libya between 1976 and 2005 were presented. The
review provides a comprehensive analysis of
experience on rural electrifications, social impacts,
and future prospects of photovoltaic in Libya. PV
system was first put into use in 1976 to supply
electricity for a cathodic protection (CP) station.
Since then; the use of photovoltaic systems is widely
used in size and applications such as (rural
electrification, and water pumping) and a very high
reliability was recorded. The total peak power
installed in Libya was developed from less than 20
kWp by the end of the 1970’s to about 1.5 MW, by
the year 2005. The study concluded that here is a
good potential of PV systems which can be used in
different applications at very low running cost or
even no cost at all most especially the solar energy
based PVS. When compared with the diesel
generators in terms of ease of operational
technicalities and power delivery, the PVS is the
preferred option.

Al-Shamani[8]presented thecomponents required for
the design of a stand-alone photovoltaic system that
will power all electric appliancesat a medium-
energy-consumption residence in Hilla City. One of
the initial studies on the applications of PV presented
by Eljrushi, Zubia[7] had introduced a proposal and
recommended the construction of a photovoltaic
power plant (PVPP) near Sebha city, this is due to
the fact that Libya has limited fossil fuel resources in

addition to an expected enormous increments in
demand for electricity, GEC is planning to install a
new PV plant of 476 MW at Jabal Al-Hasouna, north
of Sabha, as a large-scale power plant for electricity
generation. Technical analysts have shown that the
construction of a PV plant introduced new
technologies, created more jobs, reduced pollution
and promoted even more investment in solar energy.
On the basis of the rival plants' lifetime of 20 years,
the PV plant was more economic, due mainly to
requiring no fuel and having low operating and
maintenance costs. It is obvious that it was the best
option available to the country when considering
future utilities.

1.2 Area of Study

Libya is an oil exporting country located in
the middle of North Africa, with 6 million
inhabitants distributed over an area of 1,750,000
Km® The daily average of solar radiation on a
horizontal plane is (7.1 kWh/m?/day) in the coastal
region, and 8.1 kWh/m?/day in the southern region,
with average sun duration of more than 3500 hours
per year. The national electric grid consists of a high
voltage network of about 12,000km, a medium
voltage network of about 12,500 km and 7,000 km of
low voltage network. The installed capacity is 5600
MW with a peak Load of 3650 MW, for the year
2004 [9]. Despite; there are many villages and
remote areas located far away from these net- works.
Economically these areas cannot be connected to the
grid, owing to its small population, and small amount
of energy required. In the past these facts dictate the
use of diesel generators as a power supply. For these
reasons we are pushed to look into some other
sources like renewable energy.

1.3 Problem statement

Sabha floats on sea of water and in some
areas we can obtain the water at low depth. For this
reason we plan to build a greenhouse in Sabha city in
order to get benefit from the advantage of the water
to cool these greenhouses and can be using for
Irrigation as well. Sabha located in an area rich by
solar and wind energy resources; so, we can get the
benefit from these resources to produce electricity at
these remote areas.

1.4 Objectives of the study

The main objectives of this study can explain as

follows:

1. Aiming to design a power system that will
produce electricity for greenhouse in the
country, such as greenhouses in Sabha as a part
of solving the problem of electricity in different
desert regions of the country.

2. To determine the optimal configuration of power
sources relevant to greenhouse.

3. To sizing each components used in the stand-
alone system based on Watt-hour demand.
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4. To design of a stand-alone photovoltaic system
that will power all electric appliances at a
medium energy consumption greenhouse in
Sabha city.

2. Material and Method

The electrical greenhouse (loads) available
at the proposed greenhouse in Sabha city were first
itemized with their power ratings and time of
operation during the day to obtain the total energy
demand in Watt-hour per day. The total energy
demand obtained was then used to determine the
proposed stand-alone photovoltaic ~ system
components sizes.

2.1 Basic design elements of greenhouse in Sabha
city

The greenhouse is assumed to be located in
Sabha Libya with optimum tilt angle is 30°. Photo of
the 39 m x 9.0 m with an area 351m?® with its long
dimension or ridge a long a north-south line. The
greenhouse constructed of metal framing and
fiberglass covering while the fan and pad evaporative
cooling system was used for cooling. Ventilation was
achieved by two exhaust fans located on the south-
end of the greenhouse, and incoming air was forced
through 12 m? (2m*6m) of 10 cm thick cooling pads
set on the north end of the greenhouse. The rated
ventilation rate for each of the two fans was
36000m°/hr.The geographical location of the Sabha
city makes it one of the relatively sun-rich regions in
the globe. It is located in southern region of Libya; it
has a geographic coordinate that reads 27°01' North
latitude and 14°26' E East longitude with an annual
average incident solar irradiance of about
5.49kWh/m?/day. The available global horizontal
radiation on the North Western Africa is shown in
Fig.1[10].
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Fig.1 Insolation Map of North Africa[10]

2.2 Determining the power consumption demands
The first step in designing a solar PV system
is to find out the total power and energy consumption
of all loads that need to be supplied by the solar PV
system by adding the Watt-hours needed for all
appliances together to get the total Watt-hours per
day which must be delivered to the appliances [11].

2.3 Sizing the PV solar array

To calculate the array size needed to meet
our predicted energy consumption, divide the daily
kWh consumption by the average daily peak sun-
hours to get the approximate array size in Kw. That
value is then divided by the system’s efficiency
factor:

Peak P _ Daily energy consumption L
cax rower = Peak sun hours @)

Average daily energy required

P =
PVarray required Overall efficiency factor @

The total DC current (l4) needed can be calculated
by dividing the peak power by the DC- voltage of the
system [12].

Peak power P,

3)

lac = System DC voltage Vg,

Modules must be connected in series and parallel

according to the need to meet the desired voltage and

current in accordance with:

e  First the number of series modules which equals
the DC voltage of the system divided by the
rated voltage of each module V,[13].

_ System DCvoltage  Vpc
$ 7 Module rated voltage ~ V,

C)

e Second, the number of parallel modules which
equals the whole modules current divided by the
rated current of one module 1,[13].

Whole module current  Ipc

- ©®

P 7 Rated current of one module ~ 1,

Or we can calculate the N, by using equation (6)
[14].

Np — va array (6)

Nms * Pmodule

e Finally, the total number of modules Nm equals
the series modules multiplied by the parallel
ones:

Nm = No of series modules x No of parallel
modules = Ns* N, @)

2.4 Sizing of the Battery Bank

The battery type recommended for using in
solar PV system is deep cycle battery. Deep cycle
battery is specifically designed for to be discharged
to low energy level and rapid recharged or cycle
charged and discharged day after day for years. The
battery should be large enough to store sufficient
energy to operate the appliances at night and cloudy
days [15]. The amount of rough energy storage
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required is equal to the multiplication of the total
power demand and the number of autonomy days
[15]. The term days of autonomy means the number
of days a battery bank can provide the appliances you
have connected to the system without a recharged by
the solar panels.

Erough = Energy storage required * No of autonomy
days = E *D (8)

For safety, the result obtained is divided by the

maximum allowable level of discharge (MDOD)

[15]:

Energy storage required

Max depth of discharge
_ Erough
~ MDOD

safe —

)

At this moment, we need to make a decision
regarding the rated voltage of each battery (V,) to be
used in the battery bank. The capacity of the battery
bank needed in ampere-hours can be evaluated by
dividing the safe energy storage required by the DC
voltage of one of the batteries selected [15]:

_ Safe energy storage required
h Battery voltage

_ Esafe
= (10)

According to the number obtained for the
capacity of the battery bank, another decision has to
be made regarding the capacity (Cp) of each of the
batteries of that bank. The battery bank is composed
of batteries that are connected in series and in
parallel according to the selected battery voltage
rating and the system requirements. The total number
of batteries is obtained by dividing the capacity (C)
of the battery bank in ampere-hours by the capacity
of one of the battery (C,) selected in ampere-hours
[11]:

Capacity of the battery bank

Nbatteries -

Capacity of one battery
C

=G (11)

The connection of the battery bank can be then
easily figured out. The number of batteries in series
(Ns) equals the DC voltage of the system divided by
the voltage rating of one of the batteries selected
[11]:

_ The system DC voltage

S

Battery voltage
= (12)

Then number of parallel paths (N,) is obtained
by dividing the total number of batteries by the
number of batteries connected in series [11]:

The total number of batteries

P ™ Number of batteries in series

Nbatteries
= 1
N (13)

2.5 Sizing the voltage regulator

According to its function on controls the
flow of current. A good voltage regulator must be
able to withstand the maximum current produced by
the array as well as the maximum load current.
Sizing of the voltage regulator can be obtained by
multiplying the short circuit current of the modules
connected in parallel by a safety factor (Fsf). The
result gives the rated current of the voltage regulator

(1) [15]:
= Np* lsc* Faate (14)

The factor of safety is employed to make sure that
the regulator handles maximum current produced by
the array that could exceed the tabulated value. And
to handle a load current more than that planned due
to addition of equipment, for instance. In other
words, this safety factor allows the system to expand
slightly.

2.6 Sizing the inverter

An inverter is used in the system where AC power
output is needed. The input rating of the inverter
should never be lower than the total watt of
appliances. The inverter must have the same nominal
voltage as your battery. For stand-alone systems, the
inverter must be large enough to handle the total
amount of Watts that will be using at one time. The
inverter size should be 25-30% bigger than total
Watts of appliances [15]. In case of appliance type is
motor or compressor then inverter size should be
minimum 3 times the capacity of those appliances
and must be added to the inverter capacity to handle
surge current during starting.

2.7 Demand loads

Table 1 presents the AC loads used by the
proposed greenhouse with their power ratings and
time of operation during the day to obtain the
average energy demand inWatt-hour per day as
follows:
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Table 1 Greenhouse Loads and Daily Energy

Appliance K1 K, Ks= (K *Ky) K, Ks=(K3*K,)
Rated Power Quantity power (W) Hours per day Energy per day
(Watt) used

Fluorescent Lamps 15 10 150 10 1500

TV and Recorder 150 1 150 16 2400

Refrigerator 100 1 100 24 2400

Computer with accessories 125 1 125 10 1250

Heater 2500 1 2500 8 20000

Circulation Pump (0.75Hp) 59 1 59 16 944

Air Fans (1.5Hp) 1000 2 2000 16 32000

Water pump 350 1 350 4 1400

Total energy demand per day (sum of K5) 61,894kwh/day

Maximum AC power requirement (sum of K3) 5434W

Total summer 2934W

Total winter 5334

3. Consumption

Case Study: Build a Greenhouse in  Sabha-City
3.1 Sizing the PV array

For sizing the PV array we have to find the following
factors: the total daily energy required in Watt-hours
(E) which is equal to 61,894KWh/day from table 1,
the minimum peak sun-hour per day T.,=5.5, and
the dc-voltage of the system Vpc =24v. Once these
factors are available we move to the sizing process
staring from Eq (1-7). To avoid under sizing, losses
must be considered by dividing the total power
demand in (Wh/day) by the product of efficiencies of
all components in the system to get the required
energy. To calculate the array size needed to meet
our predicted energy consumption, divide the daily
kWh consumption by the average daily peak sun-
hours to get the approximate array size in (kW). That
value is then divided by the system’s efficiency
factor:

Peak P __ Daily energy consumption 61,894
eax rower = Peak sun hours T 55

= 11.253KW

To calculate the power needed from the PV array we
have to divide the average daily power consumption
by the overall system efficiency factor as follows:
The efficiency factor can be obtained based on the
following assumptions: average solar access of 95%
(shading derate factor); inverter efficiency of 96%;
module temperature derate factor of 0.88; DC and

AC wiring derate of 0.98 and 0.99; module soiling
derate = 0.95; module mismatch derate = 0.98;
system availability derate = 0.99.
Overall system efficiency factor = 0.95 * 0.96 * 0.88
*0.98*0.99*0.95*0.98*0.99=0.72
Then,
Average daily energy required

Overall efficiency factor
_ 11.253KWh

0.72
=15.629 KW

The total current needed for a DC- voltage of 24 is:

Ppy array —

Pp 15629

[= = = 326A
system DC voltage 48

According to the selected panel Mitsubishi PV-
MF180UD4 poly-crystalline 180W, 24V, 7.45A, the
number of panels connected in series are:

_ system DCvoltage 48 2 modul
" module rated voltage ~ 24 modute

S

The numbers of panel connected in parallel are:
N = Parray 15269
P Ns * Pmodule B 2 %180
So, the number of panels needed is:

2*43 = 86 modules

=42.4 = 43 modules

With total cost:
Total cost= 86 * 120$= 10320%.

3.2 Sizing of battery bank
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The minimum number of days of autonomy that
should be considered is taking as 3.5 days and the
maximum allowable depth of discharge is taken as
75%. Batteries used in all solar systems are sized in
ampere hours under standard test condition of 25°C.
Battery manufacturers usually specify the maximum
allowable depth of discharge for their batteries. The
depth of the discharge is a measure of how much of
the total battery capacity has been consumed. The
amount of energy storage required is:

Erough = total energy demand
X number of days of autonomy
= 15.629KWh x 3.5 = 54.702KWh

_ Energy storage required _ Erough _ 54702

E = = =
safe ™ "Max depth of discharge ~ MDOD  0.75
= 72.936KWh

The capacity of the battery bank in ampere-hours
required assuming we select a battery voltage of 12
Vis:

C= 72936 _ 6078Ah
== =

According to the selected battery type (Rolls series
4000 batteries, 12MD410P) as shown in Fig.2 and
the price of each one is $165).

Voltage: 12V
Capacity (c20): 410 Ah

Dimensions; 310H x 337W x 552L (mm)

Weight: 105kg.

Fig. 2 Rolls 122EHG375P Series 4000
The number of batteries needed is:
Npatteries=6078/410= 16 batteries.

With DC-voltage of 48 V, the number of batteries in
series is:
Napatteries= VSystem! Vbattery = 48/12=4 batteries.

Noparallel branch =Niatteries/ Nseries=16/4= 4batteries.

So, With DC-voltage of 48 V, four parallel branches
are established according to the equation N,= 4 each
branch contains 4 series batteries. The storage
batteries price amounts to $2640.

3.3 Sizing of the Voltage Regulator

The voltage regulator as shown in Fig.3 is typically
rated against amperage and voltage capacities. The
voltage regulator is selected to match the voltage of

PV array and batteries. A good voltage regulator
must have enough capacity to handle the current
from PV array.

Fig.3 Xantrex C Series - C35, C40 & C60 Charge
Controllers

In our design, the safety factor Fsafety is taken to
be=1.25and the short circuit current for the selected
module islsc=8.03A. The rated current (1) of the
regulator is given by:
I = Ninp*lse * Fte = 4 * 8.03 *1.25 = 41A

Based on the selected regulator type (Xantrex C-60,
24-V, 60-A, and a price of $140) [33]. The number
of regulators required is:

Neg =41/60=0.68=1 voltage regulator.

In this case we need eight regulators connected in
parallel with a total cost

Total cost = 1 * $140 = $140.

3.4 Sizing of the Inverter

In sizing the inverter, the actual power drawn from
the appliances that will run at the same time must be
determined as first step. Secondly, we must consider
the starting current of large motors by multiplying
their power by a factor of 3. Also to allow the system
to expand, we multiply the sum of the two previous
values by 1.25 as a safety factor [11].

The power of appliances running simultaneously:

Prs= (10*15+150+100+59+125) =584W

And the appliances with large surge currents that
include motors are:

PLsc = [2500+2000 +350] *3 = 14550W

The input rating of the inverter should never be lower
than the total watt of the appliance.

Pt = (584 +14550) * 1.25 = 18.918kW
=18.92KVA.

The inverter to be used for this system should be able
to handle about 18.92KVA and nominal voltage of
48VDC, and the list price for this inverter is
22008 [35].

3.5 Sizing of the system wiring
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By selecting the perfect size and type of wire this
will improve the performance of the system and
reliability as well. The DC wires linking between the
PV modules and the batteries through the voltage
regulator must be handle the maximum current
produced from these modules.

Calculating of cable size for PV modules through the
batteries voltage regulators
The max current can be calculated as following:

Imax: Np* Isc* Fsafe = 4 * 803*125 = 41A

The cross sectional area of the cable is given by the
equation [14]:

__ resistivity of copper wire X lengthof the cable

*
maximum voltage drop

Where,
The resistivity of copper wire p is taken as 1.724 X
1078 Om according to American wire gauge (AWG)
and the cable length assumed to be 1m. The
maximum voltage drop for the Dc wiring is taken not
to exceed the 4% [14]. And can be calculated by the
following formula:
Vyg = % * 24 = 0.96V
1724« 1078 % 1+ 41
B 0.96

* 2 = 1.47mm?

This means any copper cable of cross sectional
areal.47mm?, 41A and resistivity1.724 = 1078Qm
can be used for the wiring between PV modules and
batteries through the voltage regulator.

Calculating of cable size between the battery bank
and the inverter

In case of calculating the size of the AC- wire
from the inverter to the electric panel of the
greenhouse we have to make sure that it will
withstand the maximum current produced by the
inverter output. The current is given by the following
formula for a rated AC voltage of 220Vac at power
factor of 80% [17].

I _ inverter power 18.92KVA _ 438
max Ninverter X Vgystem 48 x 0.9

The maximum voltage drop (V) for the AC wiring is
taken not to exceed the 4%:

4
(Vo) = 755 * 48 = 1.92V

By assuming the cable length L=5m we can
determine the cable size as follows:

1724+ 1078 x5« 438

_ 2
197 * 2 = 39.33mm

This means any copper cable of cross sectional
area39.33mm? 438A and resistivity 1.724 * 10-8Qm
can be used for the wiring between the battery bank
and the inverter.

Calculating of cable size between the inverter and
the load

Let the maximum length of cable Lcable=20m. The
maximum current from inverter at full load on the
phase (line) is given by [14]:

_ inverterKVA _ 18920
IPhase -

Vourput* V3 220%V3 =504,

and the maximum voltage drop V4 = 1% * 220 = 8.8V

1.724 %1078 x 20 * 50
A= T * 2 = 4mm?

This means any copper cable of cross sectional
area 4mm? , 50A and resistivity 1.724 * 1078Qm
can be used for the wiring between the inverter and
the load. The whole system wiring configuration
simulated as shown in Fig.4for the designed
proposed system.

0o °0o BO(‘
OMBINER l
O O

Power Inverter
o< O S
IN ° - .

AC IN — )
(H) *@ é ;?E CIRCUIT
B S sHunT |(BREAKER

(H) (G) 2 E:}o

()

AC
GENERATOR

Fig.4 Wire configuration

4. Summary to the system components
The results obtained from the sizing of the proposed
stand-alone system can me summarized as shown in
Table 2.

Table 2. Summary to the system components

Description of the

Component Result
component
Load .
. Total load estimated  61,894kwh/day
estimation
Capacity of PV
array 15.629kW
Number of modules 9
PV arra in series
y Number of modules
. 43
in parallels
Total number of
86
modules
Battery Battery bank 6078Ah
bank capacity
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Number of batteries 4
in series
Number of batteries 4
in parallel
Total number of 16
batteries required
Capacity of voltage 1A
Voltage regulator
regulator Number of voltage 1

regulators required

Capacity of the

Inverter inverter 18.9KVA
Between the PV
modules and the 1.47mm?,
batteries through 41A

. voltage regulators

Wires Between the battery 39.33mm?,
bank and inverter 438A
Between the inverter 4mm? , 50A

and the load

The equipment's used to build up the stand-alone photovoltaic system for the suggested greenhouse described

above are summarized with some details and specifications in Table
Table 3 Summarized of the equipment's used
. Size Unit price . Warranty
Component Type Component Rating US$ Weight Year
W/Ah A \%
Mitsubishi
PV panel MFE?)?;JDA' 180W 754 24 1658 *834 * 46mm 120 17kg 25
crystalline
Rolls
. 12EHG375P 310H *337W* 105kg
Batteries Series 4000 410Ah - 12 5521 (mm) 165 1
Xantrex C 25.4cm *12.7 cm
Regulator Series - C60 - 60 24 *6.35 cm 140 1.4kg 2
Pan power 48/220/ P
Inverter  soio0kvA  20kw - 3go  07073307695mm 2200 39%g 3

Cost estimated of the designed system

The cost estimate of the system’s components
is summarized in Table 4 and has been calculated
as follows:

Cost per Component = Quantity * Unit price
From Table 4 other Balance of System Component
(BOS) can be calculated as follows:

BOS Cost = 20% of total price = 20% * 15300=
3060%
The operating costs for solar PV installations are
negligible, but the annual maintenance cost may
amount to 0.5% to 1% of the capital cost of the
system.
Maintenance cost of the PV system= 0.5% *
18454% =93$ ~100%

Table 4. Cost Estimate of the System’s Components

Component Type Quantity Unit price $ Cost per component ($)
PV panel Mitsubishi MF180 UD4 poly- 86 120 10320
crystalline
Batteries UB-8D Absorb Glass Mat 16 165 2640
(AGM)
Regulator Xantrex C Series - C60 1 140 140
Inverter Panpower SSI20KVA 1 2200 2200
Total price 15300
Other BOS costs such as 3060
(Wires, fuses, circuit breakers, etc.)
PV system Maintenance cost 100
Overall cost 18460%

Estimated Cost of the Fuel (Diesel) Generator used
by Greenhouse in Sabah City

The greenhouse has a 4KW diesel generator used
to charge the batteries when no sun is available.
The hours used estimated to be equal to 5 hours.
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e The total estimated hours used per annum
=5*365 = 1825 hours

e The total estimated fuel (diesel)
consumptions per hour = 3 liters per hour
e The total estimated fuel (diesel)
consumptions per annum = 3 * 1825 =
5475 liters
e Cost of diesel with transportation = 0.5$
e The total estimated cost of fuel (diesel)
used per annum = 0.5% * 5475 = 2738%
e The total estimated cost of maintenance
per annum = 200$
e The total running cost per annum = 2738
+200 = 29383
e  Cost of purchase of generator = 800$.
So, the total estimated cost of the diesel and the
generator for the first year is

=2938 + 800 = 3738 $
Payback period calculation
The payback calculation is calculated using the

following equation:

Payback energy period
overall cost of the PV system

" Total estimated cost of the diesel generator for the first year

_ 18894
= 3738 = oyears

5. Discussions

The daily electrical energy demand (load)
for a greenhouse in Sabha city was estimated based
on the watt-hour rating of the appliances
considered. The results of the estimated daily
energy demand are shown in Table 1. The
estimated load is 61,894kWh/ day. The proposed
stand-alone PV system was designed based on the
estimated load. The results as shown in Table 2
show that greenhouse requires 86 panels type
Mitsubishi MF180 UD4 Poly-crystalline, 180W,
24V to produce a PV array capable of generating
15.6kW of electrical energy for the greenhouse.
The parallel and series configurations of the
resulted PV array are 43 modules and 2 modules to
produce the required current and voltage
respectively (Table 2). For storage of energy for
use when there is demand, the greenhouse requires
16 of Rolls 12EHG375P Series 4000 batteries of
battery bank capacity 6078Ah
which comprises 4 batteries in parallel and 4
batteries in series. To safely charge the batteries
and to maintain longer lifetime for them, the
greenhouse requires a voltage regulators of
capacity 41A. The capacity of the inverter required
by the proposed system to convert its DC current to
AC current is  18.9kVA. The resistivity of the
copper wire selected for this design is 1.724 X
1078 m. The DC wires between the PV modules

and batteries through the voltage regulators must
withstand the maximum current produced by these
modules. This current is 41A, and the optimum
wire type for this current is any copper wire of
cross sectional area 1.47mm? The DC wire
between the batteries and the inverter must
withstand the maximum current from battery at full
load supply. This current is 438A, and any copper
wire of cross sectional area 39.33 mm? can be used.
The AC wire from the inverter to the load must
withstand the maximum current produced by the
inverter. This current is 50 A, and the optimum
wire type for this current is any copper wire of
cross sectional area 4mm?. It can be observed from
Table 4 that the modules, the batteries and the
inverter are the most costly components of an off
grid photovoltaic system. Increasing the size of
these components will increase the overall cost of
the system. A cost estimate of the system provides
the payback period of the system is estimated to be
5 years.

6. Conclusion

In this study, the electrical energy demand
(load) of greenhouse at Sabha city in Libya was
estimated. The estimated load is 61,894kWh/ day.
System sizing and specifications were provided
based on the estimated load. There results show
that a 15.6kW PV array capacity of 86 modules, 16
(12Vv, 375Ah) batteries, 18.9KVA, 48V inverter
and 60A, 24Vvoltage regulator are needed to
supply the electrical load of the greenhouse. The
proposed off grid PV system requires copper wires
of cross-sectional area 1.47mm?, 39.33 mm? and 4
mm? for its installation. The cost of the system
estimated is relatively high but when we compared
to the lifespan of the selected PV modules which is
25 years it would be satisfied. The recommendation
would be that the system can be made utility-
interactive to enable the purchase of surplus solar
energy from users. The most important conclusion
is the cost of running these generators can be quite
expensive when factoring in fuel availability and
transportation  costs. It is currently not
economically feasible to extend the grid to such
locations. The power must be generated locally.
The purpose of this work was to analyze the
feasibility of PV power generation for such a
remote setting. It is shown that the PV generation
system can be competitive compared to current
diesel powered installations.
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Abstract This study aims to see the effect of gas flow rate on CO, absorption through super hydrophobic
hollow fiber membrane contactors using water and diethanolamine (DEA) %% solution as absorbents. The
absorption process of carbon dioxide from the gas stream can be applied to reduce emissions of carbon dioxide
into the atmosphere and to increase the calorific value of natural gas. During the experiment, the CO, gas and
the absorbent were sent into the shell side and the lumen side of the contactor, respectively. The gas flow rates
as well as the number of fibers in the membrane contactor are the variables observed to see their effects on the
overall mass transfer coefficient, the flux and the absorption efficiency in the membrane contactor. The
experimental results for the overall mass transfer coefficient and the flux showed a different characteristic for
both absorbents. The overall mass transfer coefficient and the flux for DEA solution increased with increasing
gas flow rate and decreasing the number of fibers in the membrane contactor. Meanwhile, for water absorbent
the overall mass transfer coefficient and the flux increased with increasing the gas flow rate and the number of
fibers in the membrane contactor. The amount of CO, absorbed and absorption efficiency for both absorbents
showed similar characteristic, which is increased with increasing the gas flow rate and the number of fibers in

the contactors.

Keywords: Flux; hollow fiber; mass transfer coefficient; absorption efficiency.

1. Introduction

Today, the absorption of carbon dioxide gas
can be done with various techniques. There are many
techniques have been applied for the absorption of
carbon dioxide gas such as the chemical and physical
absorption, solid adsorption, carbon molecular sieve
adsorption,  cryogenic  distillation, membrane
separation. Among these methods, the most widely
used method for separating carbon dioxide from a
gas stream wusing a solvent alkanolamine is
absorption  through  conventional  contactors
equipment such as packed or tray columns (Yan et
al., 2007). However, this technology consumed high
energy and subject to flooding, foaming and
entrainment.

Hollow fiber membrane contactor (HFMC)
is a promising alternative. The absorption of carbon
dioxide gas occurs at the membrane contactor when
the gas in contact with the liquid phase flowing in the
opposite side of the membrane. Contacts between the
two phases is separated by the membrane, so that the
carbon dioxide gas that is absorbed passes through
the membrane pores to the flow of the liquid phase.
The modular form causing membrane contactors can
easily scale-up and can effectively eliminate the
problems that occur in conventional equipment (Li &
Chen, 2005). On the other hand there is a shortage of
membrane contactors i.e. additional mass transfer
resistance in the membrane itself. Membrane also
experience fouling, although this tends to occur on
process in which pressure is the driving force. In

addition, the membrane has a limited life service so
that the necessary costs for periodic replacement

should be taken into account (Gabelman & Hwang,
1999). Hollow fiber membrane contactor has
attracted many researcher in the recent years and can
be applied in many processes such as in ammonia
removal from wastewater (S. Kartohardjono, M. 1.
Fermi, et al., 2015), (S. Kartohardjono, G. M.
Damaiati, & Rama, 2015) and CO, absorption (S.
Kartohardjono, R. Darmawan, M. F. Karyadi, &
Saksono, 2016) processes.

The addition of the mass transfer resistance
depends on the membrane material, absorbent
solution, and the pressure between the two phases.
The gas absorption through the membrane system
needs to avoid increasing the mass transfer resistance
due to the membrane being filled with a liquid
absorbent. Good absorption will occur if the
membrane is filled by the gas during absorption.
Prevention of liquid absorbent entering the
membrane pore is done by remarking the interaction
between membrane material used and the liquid
absorbent. In the case of absorption of carbon
dioxide gas, non-wetted mode is desirable to
maximize the efficiency of the absorption process. If
the membrane pore wetted by liquid, the membrane
resistance will increase, resulting in a small flux (R.
Wang, Zhang, Feron, & Liang, 2005). Membrane
wetting usually occurs on micro porous hydrophobic
membrane materials (Lv, Yu, Tu, Yan, & Dahlquist,
2010). This research utilizes super hydrophobic
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hollow fiber membrane contactor to absorb CO,
using water and diethanolamine (DEA) solution as
absorbents. It is expected that with this properties, a
highly resistant membranes to not wetted by liquid
absorbent. The objective is to see the effects of gas
flow rates and the number of fibers in the membrane
contactor on the mass transfer performance.

2. Material and Methods

M .
R S e, B

— ]

Figure 1 Schematic diagram of experimental set
up: 1. Feed gas, 2. Mass flow meter, 3. Super
hydrophobic hollow fiber membrane contactor, 4.
Mass flow meter, 5. Absorbent reservoir, 6. Flow
meter, 7. Absorbent reservoir

Schematic diagram of experimental set up
for CO, absorption through the membrane contactor
has been presented elsewhere (S. Kartohardjono et
al., 2016) and is shown in Fig. 1. Super hydrophobic
hollow fiber membrane contactors used in this study
were provided by PT GDP Filter Bandung Indonesia.
The hollow fiber membrane used is polypropylene-
based with outer and inner diameter of about 525 and
235 um, respectively. The contactors used were 7.6
and 25 cm in diameter and length, respectively,
which consist of 2000, 4000 and 6000 fibers.
Meanwhile, the CO, gas (99%) and DEA were
purchased from BOC Gases and Merck, respectively.
During the experiment the absorbents, water or DEA
solution (5% vol in water) flowed through the lumen
side of the membrane fiber, while CO, gas flowed
through the shell side of the membrane contactor.
The liquid flow rate in the contactor was kept
constant at 300 CC/sec. The absorbents flow rate was
measured using liquid flow meter Krohne, whilst
inlet and outlet gas flow rate was measured using
mass flow meter Sierra Top Trak Instruments. The
overall mass transfer coefficient, Koy, Flux, J, and
Absorption efficiency, %R, from the experiment are
calculated by Eq. 1 (D. Wang, Teo, & Li, 2004), Eq.
2 and Eq. 3 (S. Kartohardjono et al., 2016),
respectively.

Koy, = (QGinlAm)Ln(CinICout) (1)

] = (QGin - QGout)RT/Am (2)

%R = 100(Qgin — Qgout)/Qsin ®)

Qocin, Qcous Am: Cin and C,y are inlet and outlet gas
flow rate, membrane area and inlet and outlet CO,
concentration, respectively. Meanwhile, R and T are
gas constant and temperature, respectively.

3. Results and Conclusions

Figure 2 shows the effect of the gas flow
rate on the amount of CO, absorbed at various
numbers of fibers in the membrane contactors for
water and solution of DEA 5%. Figure 2 shows the
similar effects for both absorbents where the amount
of CO, absorbed increase with increasing gas the
flow rate and the number of fibers in the contactor.
The surface area and the gas flow rate has a great
influence on the amount of CO, absorbed for the
solution of DEA 5% especially at high gas flow rate.
However, for water absorbent, the effects of the gas
flow rate was inferior compare to the effects of the
number of fibers in the contactor reflected that the
surface area has a greater influence than the flow rate
of gas.
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Figure 2 The effects of the gas flow rate, Qg;,, ON
the amount of CO, absorbed at various numbers
of fibers in the membrane contactors for water
and solution of DEA
5%

Fig. 3 shows the effects of the gas flow rate
and the number of fibers in the contactor on the
overall mass transfer coefficients for water and
solution of DEA 5%. Fig. 3 shows that for both
absorbents the overall mass transfer coefficients
increase with increasing the inlet gas flow rate.
However, Fig. 3 shows the different effect on the
number of fibers in the contactor for water and
solution of DEA 5%, of which for the water the
overall mass transfer coefficient increases with
increasing the number of fibers in the contactor,
whilst for DEA 5% solution the overall mass transfer
coefficient decreases with increasing the number of
fibers in the contactor. Based on Eq. 1, there are
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three variables affecting the overall mass transfer
coefficient namely the gas inlet flow rate, Qgin, the
membrane surface area, Ay, and the logarithmic of
ratio concentration, In (Ci./Coy). The overall mass
transfer coefficient increases with increasing the gas
flow rate and decreasing the number of fibers in the
contactor as shown by the solution of DEA 5% but
not with water. The increase in the number of fiber in
the contactor will increase the membrane surface
area and will enhance the amount of CO, absorbed as
shown in Fig. 2, which lead to the increasing the
overall mass transfer coefficient.

1543
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Figure 3 The effects of the gas flow rate, Qgin, ON
the overall mass transfer coefficient, Koy ,at
various numbers of fibers in the membrane

contactors for water and solution of DEA 5%

On the other hand, the increase in the
number of fiber in the contactor will decrease the
flow rate of species in the lumen fiber where in this
study water or solution of DEA 5%, which leads to
the decrease in the overall mass transfer coefficient.
Therefore, for the solution of DEA 5%, the effect
solvent flow rate more dominant than the effect of
the surface area, this leads to the decrease in the
overall mass transfer coefficient as the number of
fiber in the contactor increases. This is due to
solution of DEA 5% is a good absorbent for CO, so
that the decrease in flow rate can reduce the amount
of CO, absorbed significantly. Meanwhile, for water
the effect of the surface area for enhancing the
absorption process more dominant than the solvent
flow rate in the lumen fiber so that the overall mass
transfer coefficient increases with increasing the
number of fibers in the contactor. This is due to
water is a poor absorbent for CO; so that the increase
in the membrane surface area can increase the
amount of CO, absorbed significantly as shown in
Fig. 2.

Fig. 4 shows the effect of the gas flow rate
and the number of fibers in the contactor on the flux
for water and solution of DEA 5%. As for the overall
mass transfer coefficient, the fluxes for both
absorbents increase with increasing the initial gas
flow rate. However, the flux only slightly increases
for water as water is a poor absorbent for CO,.

Meanwhile, the increase in the number of fibers in
the contactor will reduce the flux of solution of DEA
5% but will increase the flux of water. Again, this
was due to the effect of an increase in the flow rate
of the solvent is more dominant than the increase in
the surface area for good absorbent and vice versa.
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Figure 4 The effects of the gas flow rate, Qgin, ON
the flux, J, at various numbers of fibers in the
membrane contactors for water and solution of

DEA 5%

Fig. 5 shows the effect of the gas flow rate
and the number of fibers in the contactor on the
absorption efficiency for water and solution of DEA
5%. As expected, the increase in the flow rate and
the amount of fibers in the contactor will increase the
absorption efficiency due to an increase in the
amount of CO, absorbed as shown in Fig. 2.

In conclusion, the increase in the gas flow
rate will increase the amount of CO, absorbed, the
overall mass transfer coefficient, the flux and the
absorption efficiency for the both absorbents. The
increase in the number of fibers in the membrane
contactor will increase the amount of CO, absorbed
and the absorption efficiency for the both absorbents.
However, the increase in the number of fibers in the
membrane contactor has different effects on the
overall mass transfer coefficient and the flux for both
absorbents. The increase in the number of fibers in
the membrane contactor will decrease the overall
mass transfer coefficient and the flux for the solution
of DEA 5%, but will increase the overall mass
transfer coefficient and the flux for water.
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Figure 5The effects of the gas flow rate, Qgin, ON
the absorption efficiency, %R, at various numbers
of fibers in the membrane contactors for water
and solution of DEA 5%
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Abstract Cellulase is a very important enzyme for ethanol production from lignocellulose and others.
Bagasse is very good to be choosen as lignocellulosic material for cellulase production because it is cheap and
already available in ahuge amount. Solid-state fermentation has advantages than submerged fermentation
because of its higher yield and activity. Cellulase production using solid- state fermentation has been researched
by many people, but for different substrate, different pretreatment and different fungi producer, it is likely to
have a different condition. It is very important to perform specific study to optimize cellulase pr oduction with
specific substrate and specific fungi which available in Indonesia. Because large amount of fungi strains
available so it is wisefull if they are screened using effective and efficient methods. This research is started by
initial screening of three strain of Trichoderma reesei and five strain of Aspergillus niger using Congo red dye
staining on CMC agar plate. It is shown that a strain of Trichoderma reesei and two strains of Aspergillus niger
has better activity than the others. Further screening is performed by conducting solid- state fermentation
using bagasse by three best strains for five days. The activity of the cellulase is measured every 24 hour
using Ghose method by dinitrosalicylic acid as reagent. The highest activity is shown by A.niger ITBCC L74 on

third day at 0.525 Unit/gram

Keywords: A. niger; T.reesei; bagasse; cellulose; solid state fermentation.

1.Introduction

Commercial enzymes or industrial
importance are obtained from three main sources
namely plants, animals and microorganisms. In the
past, plants and animals served as main source of
enzymes but today microbial sources of enzyme are
becoming more popular for obvious reasons [1].

The recent thrust in bioconversion of
agricultural and industrial wastes to chemical
feedstock has led to extensive studies on cellulolytic
enzymes produced by fungi and bacteria. Large
quantities of lignocellulosic wastes are generated
through forestry, agricultural practices and industrial
processes, particularly from agro-allied industries
such as sugar cane, breweries, paper pulp, textile and
timber industries. These wastes generally accumulate
in the environment thereby causing pollution
problem Lignocellulose is a major renewable
natural resource of the world and represents a major
source of renewable organic matter.The plant
biomass regarded as “wastes” are biodegradable and
can be converted into valuable products such as
enzymes, biofuels, chemicals, cheap energy sources
for fermentation, improved animal feeds and
human nutrients [2].

Industrially important enzymes have
traditionally been obtained from submerged
fermentation (SF) because of the ease of handling
and greater control of environmental factors such as

temperature and pH. However, solid state
fermentation (SSF) technique can improve the
yield and reduces the cost of enzyme production.
Filamentous fungi are the most commonly used
microorganisms in SSF because they are able to
grow on solid materials with low water contents.
The other advantages of SSF include superior
productivity, simple technique; low capital
investment, low energy requirement and less water

[3].

The aim of this study is to find the
best strains in producing cellulase enzyme under
solid state fermentation using bagasse as substrate
media among eight strains of Aspergillus niger
and Trichoderma reesei

2. Material and Methods

A. Chemicals

All chemicals used were of analytical
grade. Media and chemicals used in this study were
purchased from Merck, Indonesia.

B. Cellulosic materials

Bagase was obtained fom Sugar Factory,
Mojo Panggung Tulungagung, Indonesia and
characterized using Chesson-Data methode [4] to
determine of cellulose, hemicellulose, lignin, and
ash.
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C. Microorganism

The micro-organism used in this study were
Aspergillus niger ITBCC L51, L74, L76, and L161
obtained from Bandung Institute of Technology, and
Aspergillus niger FNCC 6114, Trichoderma reesei
FNCC 6012, 6013, and 6131 obtained from Gajah
Mada University and mantained at 4°C on Potato
Dextrose Agar (PDA) slants.

D. Cellulase Production with Congo Red Staining

Eight strains were inoculated aseptically on
a PDA plate for 2 hours, then PDA cut with a
diameter of approximately 1.5 cm and removed to a
petri dish that contains agar (20g/l), sodium CMC
and Mandels nutrients and stored for 4 days. The
samples were then treated with a solution of 10 ml
congo red (2.5g/) for 10 minutes. Samples were
washed with NaCl solution (10g/l). Orange colour
of colony diameter than measured [5].

E. Solid state fermentation (SSF)

Ten grams of bagasse with water content of
80% was incubated with 2 ml inoculum in a 250 ml
Erlenmeyer flask. Nutrients are added in accordance
with nutrients Mandels. After reaching the specified
time the enzyme was extracted with a solution of
sodium citrate buffer pH 4,5 in the ratio of dry
bagasse against buffer 1:10 w/v. The enzyme activity
was tested by the Ghose method [6].

3. Results and Conclusions

A.The characteristic of bagasse

The bagasse was obtained from sugar
industry, the characteristic of this waste is important
in order to know the actual composition which
definitely affects the results of the fermentation
process. The result was shown in Table 1.

Table 1 The characteristic of bagasse

Element Content (%)
Cellulose 57,76
Hemicellulose 12,94
Lignin 21,34
Others 7,96

B. Selection of Strains

Eight strains were tested by congo red
staining to find enzymatic index and are presented in
Table 2. The result shows that three strains of A.
niger ITBCC L74, A. niger ITBCC L161 and T. reesei
UGM 6131 were higher than the four other strains
with enzymatic index of 1.945, 1.608, and 1.875,
respectively.

Table 2 Enzymatic index for eight strains

Colony Effect of Enzymatie
Strams dizmeter anzyma indax
Dy celllase () (E) =0T

A miger FNCCOC 6114 223 - -
A. niger ITBCC L3 2l 3,36 1,320
A niger ITBCC LTS 1.63 3,17 1,545
A. niger ITBCC LT 181 2,17 1,136
A niger ITBCC LIGI 1.94 3,12 1,608
T reessi FNCC 6131 1.84 345 1LE73
T resssi FINCC 6012 128 2,23 1,186
T ressei FINCC 6013 183 247 1333

C. Time course of cellulase production

SSF was carried on bagasse with initial
moisture content of 80 % at 30°C. Time course of
cellulase production were given in Table 3 and
Figure 1. As shown in Fig.1, after 72 hours
incubation the enzyme activity of CMCase for A.
niger ITBCC L74, A. niger ITBCC L16land T.
reesei UGM 6131
reached the maximum of 0.5251, 0.3927 and 0.3264
U/g, respectively. Incubation beyond 72 hours
resulted in decreased enzyme activity; this might be
do to the denaturation of the enzyme caused by
interaction with other compound in the medium.
Similar trend also reported by Sun et al [7].

Table 3 Enzyme activity (unit/gram) vs time

Time A. niger A. niger T. reesei
(day)  ITBCCL74 ITBCCL161  UGM 6131
1 0,0311 0,0264 0,0208
2 0,1868 0,1585 01246
3 0,5251 03927 03264
4 0,2602 02129 03122
5 0,1892 0,1608 0.1986
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Bagasse have been used in production of cellulase by
Aspergillus niger. The results highlight the potentials
of the substrates as possible raw materials for
cellulase production using Aspergilius niger ITBCC
L74.
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Abstract In West Sumatra, Dahlias have been knowing for a tourism destination because of the beautiful and
captivating of blossoms. People don’t know yet that Dahlia tubers have a high economic value since it contains
inulin in a range from 69.50 to 75.48%. Inulin is a polymer of high-fiber food fructose and prebiotics savour for
health. Information about the content of inulin in dahlia flowers still vary, and inulin yield were successfully
extracted between 3.8 to 4.3% by using a hot water solvent. It was alleged that the planting site also determines
the yield of inulin from dahlias. It is necessary to re-investigate on the yield of inulin that can be extracted from
the flowers of dahlias located in West Sumatra. The success of extraction is not only determined by the type of
solvent, but also there are several others variables that must be tested such as the water content of the material
to be extracted, harvest time, the material size, extraction temperature, and extraction time. This study was
aimed to find maximum yield of inulin through the extraction method by varying the method. Research was
carried out in the laboratory of Chemical Engineering Department Bung Hatta University with inulin extraction
method using a solvent of water and inulin precipitation using water. The tools were used to support this
research the balance sheet, glass beaker, stirrer, water bath, thermometer, filter, buchner, oven, and filter paper,
hot plate, and a cutter. Materials were used dahlia tubers obtained from Bukit Tinggi. The yield of inulin was
observed through a variety of extraction methods (the direction, the opposite direction, and cross), the extraction
time was 4 hours, and mass ratio of material to volume of solvent of 1: 2. From the research that has been done
can be concluded that quality of tuber greatly affect the levels of inulin obtained and the multi-stage extraction

process will increase the yield of inulin.
Keywords : Inulin; extraction; dahlia tuber.

1. Introduction
Dahlia flower is well known to people in

Indonesia, especially in West Sumatra. Dahlia flower
thrives in some regions in West Sumatra such as
Bukit Tinggi, Matur, and Biaro because due to
suitable climate. Statement of Dekranas chairman in
West Sumatra, Nevi, 2012, launced Bukit Tinggi as
the City of Dahlia for the inulin production. Until
now public has not yet motivated to cultivate Dahlia
flower due to people don’t know how to get inulin.

Inulin is a polymer of fructose units with
dietary fiber, which reached 90% which serves as a
prebiotic food supplement beneficial in the gut (At
Tachorirotul , M , 2011) Inulin contained as an
additive in some products of food in Indonesia is still
largely imported. Inulin is derived from artichoke
tubers with levels of 80% and 75% chicory levels.
Dahlia tuber from Indonesia contains inulin about
72% and the quality is equivalent to the inulin import
(At Tachorirotul , M, 2011).

Research on the content of inulin from Dahlia
tuber have been conducted by several researchers
since 2006 until today. Suleman et al, 2008, using
ethanol and ether Dietel obtained inulin content of
7.5%. Other researchers, Thelma A, (2010) obtained
inulin content of 5%. S., Elmi, et al, (2014) using
alcohol and water solvent obtained crude inulin yield
around 20% and 16.65% respectively. Some LIPI

researchers in collaboration with Bandung Chemical
Research Center continue to develop the production
of inulin from Dahlia tubers. Yield of inulin from
Dahlia tubers is influenced by several parameters
such as methods of contacting, temperature, and type
of solvent. Generally, to get inulin from Dahlia tuber
is done through the one stage solid-liquid extraction
process. Method of contacting the extraction of one
stage generally do not get the maximum vyield of
inulin, because there is inulin carried dregs.

This study aims to find the optimum
conditions to get inulin from Dahlia flower tuber
through a variety of methods of contacting the
solvent and the tuber.

2. Material and Methods
A.Material

The main material for inulin- making is
the Dahlia tuber taken from Biaro, West Sumatra.
The water is used as solvent, while the material used
for identification of inulin is resorcinol.

B.Equipment.

The equipments used were a beaker
serves as an extractor, a water bath to maintain the
temperature of the extraction, the oven to measure
water content of the material, juicers to separate the
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fiber and starch, glassware, and other ancillary
equipment.

C.Research design

Intake of inulin from Dahlia tubers is
done with multistage extraction through a variety of
methods of contacting between the solvent and dahlia
tubers, namely contacting in the same direction, the
opposite direction, and cross flow as shown in Figure
1,2,and 3.

Solventf E, E, E,
—> > > =====2> —> E,
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Figure 1. The multi-phase extraction with

directional flow
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Figure 2. The multi-phase extraction with cross
flow method
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Figure 3. The multi-phase extraction with the flow
in opposite directions

3. Results and Conclusions

Inulin levels that can be extracted from the
dahlia tubers from West Sumatra are still vary. This
is caused by the condition of the raw material and the
process of extraction and purification of inulin
(separation). The result of the inulin-extraction study
using dahlia tubers taken from West Sumatra show
that multi-phase extraction with cross-flow method
gives highest achievement of inulin only in phase 1,
namely 0.68%, while the second phase gives only
0.03%. Meanwhile, phases 3 and 4 give no inulin.
Total yield of cross flow method was 0.71%. For
multi-phase extraction flow in opposite directions,
inulin can still be obtained through stage 3 with the
highest achievement in stage 2 at 1:15% and a total

return of 2.54%. At the direction of inulin extraction
method can be obtained up to four stages with a total
of 0.59% inulin. Difference level of Inulin achieved
at each stage of extraction caused by difference
quality of dahlia tubers used. The quality of this
tuber is affected by soil conditions, harvesting of
tubers and flower color. Inulin identification results
(Fig. 4) to the tubers taken from four kinds of dahlia
colors show that the highest inulin content obtained
in dahlia tubers of orange color by 6.9%. S, EImi, et
al (2014) inulin content analysis results by the single
stage extraction is 8.5%.
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Figure 4. the Influence of Color of Dahlia Flower
Against Inulin Content

In theory, a multi-stage extraction process

will provide a higher yield than the single-stage
extraction process. but in this study, the results are
lower. Low levels of inulin content obtained in this
study due to the raw material (dahlia tubers) used
taken randomly.
In general, the extraction process is influenced by
several factors such as solvent, temperature, time and
method of contacting the solvent extraction and
material to be extracted. Comparation on the same
operating conditions show that percent inulin gained
on single stage extraction is lower than that on the
multi-stage extraction, because there is inulin left in
the residue. In cross-curent flow contacting method,
the material to be extracted in step 2 is raffinate from
stage 1, while the solvent used are fresh solvent. For
cross-current-flow method, total yield should higher
than the other two methods (R.S.Rajian, 2015)

In the counter-current flow method,
mutual extraction done by extract and raffinate, so
the result is higher as shown in Table 2. Likewise, on
undirectional flow contacting method, the results
obtained are smaller than the flow in the opposite
direction (Table 3). Figure 5 shows that the method
of contacting the counter-current flow provides the
highest gain of 2.54%.
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Table 1. Cross-curent Flow Extraction

Method
Mass of | Inulin Yield of
Stage | tuber (gr) (ar) inulin (%)
1 3000 20.4 0.68
2 3000 1 0.03
3 3000 0
4 3000 0
Tabel 2. Counter-current flow Extraction
Method
Mass of
tuber Yield of
Stage | (ar) Inulin (gr) | inulin (%)
1 3000 22.5 0.75
2 3000 34.6 1.15
3 3000 19.1 0.64
4 - -
Tabel 3. Co-current Flow Extraction Method
Mass of Inulin | Yield of inulin
Stage | tuber (gr) (gn) (%)
1 3000 8.4 0.28
2 3000 4.6 0.15
3 3000 4.1 0.14
4 3000 0.7 0.02
=

Cross-current Extraction Counter-current Extraction  Co-current Extraction
Methad Method Method

Figure 5.The Influence Contacting Method to
Inulin Content

Identification of inulin  performed by using a
solution of recorsinol in HCI show that all of the
samples tested contained inulin. It is characterized by
discoloration of inulin from white to red. The test
results can be seen in Figure 6.

Figure 6. Identification of inulin quality

4. Conclusion
From the research that has been done can
be concluded,;
1.Quality of tuber greatly affect the levels of inulin
obtained.
2.The multi-stage extraction process will increase the
yield of inulin.
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Abstract The effect of the addition of Alkanolamide (ALK) on cure characteristics, tensile properties and
crosslink density of unfilled polychloroprene rubber (CR) compounds was investigated. The ALK was prepared
from Refined Bleached Deodorized Palm Stearin (RBDPS) and diethanolamine and -together with magnesium
and zinc oxides- incorporated into the unfilled CR compounds. The ALK loadings were 0.5, 1.0, 1.5 and 2.0
phr. It was found that ALK enhanced the cure rate, torque difference and crosslink density of the unfilled CR
compounds. ALK also enhanced the tensile modulus and tensile strength; especially up to a 1.5 phr loading.
Scanning Electron Microscopy (SEM) proved that the 1.5 phr of ALK exhibited the greatest matrix tearing line
and surface roughness, due to the highest degree of crosslink density.

Keywords: Alkanolamide; polychloroprene rubber; cure characteristics; tensile properties; crosslink density

1. Introduction

In rubber science and technology,
polychloroprene rubber (CR) is conventionally cured
by both magnesium oxide (MgO) and zinc oxide
(Zn0), at satisfactory loadings of 4 and 5 phr,
respectively. Besides MgO and ZnO, ethylene
thiourea (ETU) is widely used as the vulcanisation
accelerator for CR (Akiba and Hashim, 1997).

Recently, newer curing agents, including
thiophosphoryl disulphides, dimethyl I-cystine, and
cetyltrimethylammonium  maleate, have been
reported (Das et al., 2004; Ismail et al., 2003).
Although there are many published works on various
curing agents for CR, the most practical curing
agents are still ETU, MgO and ZnO, due to the
superior mechanical properties of the cured products.
ETU is a toxic material and is suspected to be
carcinogenic (Chhabra et al., 1992; Smith, 1984).
Therefore, the appearance of an alternative
vulcanisation accelerator for CR, which is capable of

providing CR products/vulcanisates equivalent or
superior to those provided by the ETU and both
metal oxides, has been in demand.

This study reports the utilisation of
Alkanolamide (ALK) as an additive ingredient for
CR. The study is focused on the effect of addition of
ALK on the cure characteristics, crosslink density
and tensile properties of the unfilled CR compounds.

2. Material and Methods
2.1. Laboratory Preparation of Alkanolamide

The reaction was carried out at atmospheric
pressure, in a one liter reaction vessel fitted with a
stirrer. Typically 1.0 mol RBDPS and 1.86 mol of
liquid diethanolamine were placed in the reaction
flask. The mixture was stirred and heated at 70 °C for
5 hours. Through a sequence of purification
operations, ALK was produced and then used as an
additive ingredient in unfilled CR compounds. The
reaction equation was as shown in Figure 1.

/O
HzC_O —_— C/— (:15|-|31 oH Hzc_OH 0
0 (=01 g500
HGC—O0 — C/_ Ry + 3 HN/ —» HG—OH 4 3 CHy —(CH),—C % CH,— CH,— OH
| A0 N CH— CH—oH CH:ONa, | ~
HG—0 — C— 4y CH,OH  MEe—OH CH— CH,— OH
RBDPS Diethanolamine Glycerol Alkanolamide

Figure 1. Chemical reaction of the preparation of Alkanolamide.
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Table 1. Composition of the unfilled CR compounds

Ingredients Content (phr)”

CR 100.0

MgO 4.0

Zn0O 5.0

Stearic acid 1.0

S 2.0

ALK 0.0;0.5;1.0; 1.5; 2.0

" parts per hundred parts of rubber

2.2. Materials

Polychloroprene rubber (CR) [Skyprene B-30]
was used. Other compounding ingredients were
sulphur (S), ZnO, MgO, stearic acid and ALK.

2.3. Compounding

A sulphur-accelerated vulcanization system was
used for compounding. The recipe for the preparation
of the CR compound is given in Table 1. The
compounding procedure was done in accordance
with the American Society for Testing and Material
(ASTM) — Designation D 3184 — 80. Compounding
was done on a two-roll mill

2.4. Cure Characteristics

Compound cure characteristics were measured
using a Monsanto Moving Die Rheometer (MDR
2000), which was used to determine the scorch time
(tsp), cure time (tg) and torque difference (My—M,)
according to ASTM 2240-93. Samples of the
respective compounds were tested at 150 °C.
The compounds were subsequently compression
moulded using a stainless steel mould at 150 °C with
a pressure of 10 Mpa using a laboratory hot-press
based on the respective curing times.

2.5. Tensile Properties

Dumbbell-shaped samples were cut from
the molded sheets according to ASTM D 412-93.
Tensile tests were performed at a crosshead speed of
500 mm/min. Tensile tests were carried out with a
universal tensile machine Instron 3366 to determine
the tensile properties in terms of tensile strength
(TS), stresses at 100% and 300% elongations (M100
and M300) and elongation at break (EB).

2.6. Swelling Test

Swelling test was done in toluene in
accordance to ASTM: D471-12a. Vulcanised test
pieces of dimension 30 mm x 5 mm X 2 mm were
weighed using an electrical balance and swollen in
toluene until equilibrium, which took 72 h at room
temperature. The samples were taken out from the
liquid, the toluene was removed from the samples

surface, and the weight was determined. Calculation
of the changes in mass is as follows:

L W W
Swelling = —<=——=x100
W
Where Wi is the initial mass of specimen (gram) and
W, is the mass of specimen (g) after immersion in
toluene.

2.7. Scanning Electron Microscopy (SEM)

The tensile fractured surfaces of the CR
vulcanisates were examined using a Zeiss Supra-
35VP scanning electron microscope (SEM) to obtain
information regarding the possible presence of
micro-defects. The fractured pieces were coated with
a layer of gold to eliminate electrostatic charge build-
up during examination.

3. Results and Conclusions
3.1. The effect of ALK on cure characteristics and
crosslink density

Table 2 shows the cure characteristics,
swelling and tensile properties of unfilled CR
compounds with and without ALK. The addition of
up to 2.0 phr of ALK into the unfilled CR compound
produced CR with ALK compounds with shorter
scorch (ts;) and cure (tgo) times, compared to the
control compound (CR-0.0). The ALK functioned as
a curative additive since it increased the cure rate and
can be considered as an accelerator. Any rubber
ingredient that enhances the action of a curing or
vulcanising agent to speed up the resultant cure, even
though it constitutes a very small part of a rubber
compound, is classified as an accelerator (Long,
1985). Amine is an accelerator substance of rubber
compounds (Long, 1985) and hence, amine
constituent of ALK caused the cure enhancement
(Surya and Ismail, 2016; Surya et al., 2015).

The higher the ALK loading, the longer
were the scorch and cure times. This can be
attributed to ALK functioning as an additional
vulcanising agent (discussed later).
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Table 2. The cure characteristics, swelling and tensile properties of unfilled CR compounds

Cure characteristics Swelling Tensile properties
Compounds* ts,, too, My—M_ M100, M300, TS, EB,
min. min. dN.m MPa MPa MPa %

CR-0.0 11.29 28.28 7.91 370.81 0.72 1.30 13.7 1612

CR-0.5 3.74 25.31 14.90 366.67 0.78 1.31 15.5 1590

CR-1.0 6.68 27.09 15.56 350.70 0.82 1.37 17.2 1537

CR-1.5 7.16 27.43 15.59 311.21 0.83 1.38 18.9 1487

CR-2.0 7.58 27.96 12.63 340.53 0.78 1.29 17.8 1516
* CR-ALK

The torque difference of the CR-A0.5
compound was higher than that of the control
compound. Theoretically, torque difference is an
indication of the crosslink density of a rubber
compound (Boonstra et al., 1975; Cochrane and Lin,
1993; Surya and Ismail, 2016; Surya et al., 2013;
Surya et al., 2014, Surya et al., 2015). The higher the
torque difference value, the higher is the degree of
crosslink density. The addition of 0.5 phr of ALK
enhanced the torque difference of the unfilled
compound significantly. Enhancement in torque
difference has the same meaning as enhancement in
crosslink density and hence, ALK can be considered
as an additional vulcanising agent for the unfilled CR
system.

As discussed earlier, increasing the ALK
loading up to 2.0 phr increased the scorch and cure
times. Simultaneously, the torque difference value
increased with up to 1.5 phr, but decreased beyond
this loading. These phenomena can be attributed to
the function of ALK as an additional vulcanising
agent. The higher the loading, the more was the
amount of ALK presented as a reactant, and the more
pronounced was its function as a vulcanising agent
over that of as an accelerator and hence, a longer
time was needed to complete the crosslink process.

The reduction of torque difference value
beyond the 1.5 phr of ALK was most probably
attributed to the excessive amount of ALK which

reduced the crosslink density. The torque difference
result corresponds well with the result of swelling
test.

3.2. The effect of ALK on tensile properties

As presented in Table 2, the incorporation
of up to 1.5 phr of ALK into the unfilled CR
compound increased the M100, M300 and TS.
However, further loading increases decreased those
properties. The tensile properties of a rubber
vulcanisate are dependent mainly on the degree of
crosslink density (Hertz Jr and INC, 1984; Ismail and
Chia, 1998a). Again, the enhancements of M100,
M300 and TS up to 1.5 phr were attributed to ALK
functioning as an additional vulcanising agent, which
increased the degree of crosslink density of the
unfilled CR compounds. This explanation is in line
with the swelling result trend shown in Table 2 and
the SEM micrographs shown in Figure 2. It is widely
accepted that the swelling result is directly correlated
to the crosslink density of a rubber vulcanisate, with
less solvent uptake or penetration into the
compounds indicating higher crosslink density
(Hayeemasae et al., 2016). The micrograph of CR-
Al5 exhibited the greatest matrix tearing and
surface roughness. This indicates the highest degree
of crosslink density, which altered the interactions
between CR segments into the strongest ones and
thus, caused an increase in tensile strength.

Figure 2. SEM micrographs of the unfilled CR vulcanisate failed fracture at a magnification of 200X; (a)
CR-A0.0, (b) CR-A1.5, and (c) CR-A2.0.
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The deterioration of properties beyond 1.5 phr can be
attributed to the excessive loading of ALK, which
lowered the total crosslink density. Presumably, the 4.
excessive amount of ALK formed a boundary layer,
which dissolved and coated a part of the curatives
(MgO, ZnO, S) and hence, reduced the formation of
crosslinking of CR by those curatives. This
explanation is again in line with the result of swelling 5.
test shown in Table 2.

The ALK reduced the EB by up to 1.5 phr,
and then increased it slightly as the ALK loading
further increased. EB depends mainly on the degree 6.
of crosslink density (Ismail and Chia, 1998b). The
reduction of EB by up to 1.5 phr was simply
attributed to the higher degree of crosslink density;
which immobilised the CR segments freely.
However, beyond the 1.5 phr of ALK loading, EB 7.
was found to increase. An explanation for this is
again given by the excessive effect of ALK, which
lowers the crosslink density and causes a more free 8.
movement of the CR segments.

4. Conclusions

The addition of Alkanolamide into unfilled
polychloroprene rubber compounds enhanced the 9.
cure rate of magnesium-zinc oxides wvulcanised
polychloroprene rubber compounds. Alkanolamide
also enhanced the tensile properties and crosslink

density of unfilled polychloroprene  rubber 10.

compounds especially up to 1.5 phr loading. The
enhancements of the cure rate, crosslink density and
tensile properties were due to the function of ALK as
a curative additive in unfilled polychloroprene rubber

compounds. 11
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Abstract Transmission capacity using fiber optic has a prominent choice for backbone infrastructure to
deliver communication services to customers in any technology platform. To ensure its services, technology and
service planning have played a key role to provide the quality service to existing users. Even though this has
been calculated and maintained in well fashion, some factors have to consider while the growing number of
users could force the quality of service to downgrade. This service and planning using fiber optics as its
transmission line case is proposed to be evaluated in Syiah Kuala Network for internet. Enhancement in
implementing new network equipment and technology capacity to replace the old one has to evaluate and
analyze. This research was conducted by using two optical measuring instruments, namely Optical Time
Domain Reflector (OTDR) and power meter. Point measurements were made of the port core switch / server in
ICT center building in Syiah Kuala University. The findings obtain that the installation of new cores have
reduced many point of connector which cause network performance quality. Results show that the establishment
new core has overcome transmission attenuation and failure.

Keywords: Transmission capacity; fiber optic; attenuation; quality of service; performance.

1. Introduction

Fiber optics is a transmission medium of
optics communication that carries information
from one point to another in the form of light. As
huge and its wide spread spectrum fiber optic, for
many application. Fibre optics are optical cables
that carry light, and receivers that receive light
signals and then convert it back into an electrical
signal. Capacity with bandwidth and low
attenuation characteristics make it ideal for
transmitting optical fiber gigabit and beyond [1].

In the implementation, a network that uses
fiber optic technology is also used at the
University of Syiah Kuala (Unsyiah ) to meet
Internet and information services on campus. To
improve services , since 2007 Unsyiah has started
building a network using fiber optic media. At
first stage, laying the core switch/server based in
the rector (old) Unsyiah and are channeled to other
buildings next to the user. Multimode type of
cable used with an installation capacity of six
cores.

In 2011 Unsyiah cooperate with the service
provider to fix the network by removing the core
switch to building Information and
Communication Technology ( ICT ) center , which
is assistance from the government of Taiwan for
rehabilitation Unsyiah damaged by the earthquake
and tsunami in 2004. The replacement of existing
connection has been made as the changes of
Computer and Information System Center
(PUKSI) to be ICT Center at new building. At this

moment, the type of fiber optic used are
singlemode and multimode with an installation
capacity of 48 core. To conduct the measurement
of the network, optical node in current network are
examined using Optical Time Domain Reflector
(OTDR) and Power Meter to collect its value and
quality.

2. Fiber Optics Fundamental

Fiber Optics (FO) is a thin glass with a
diameter of approximately less than 120 Im. FO is
used to deliver higher numbers of signals in the
form of light pulses, and can reach a distance of 50
km without the help of the signal amplifier [2].

COATING

= .

BUFFER

FIBER END

Figure 1 Structure of Fiber Optics Cable [3]

A. Cable Optics Structure
Fiber Optic is consists of three parts: core,
cladding and coating. Figure 1 below is the basic
structure of a fiber optics.
The core are in the form of a cylindrical rod
made of dielectric material (silica material (SiO2),
usually with Germanium Oxide (GeO2) or
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Phosphorous Penta Oxide (P205) doped to
increase the refractive index that does not conduct
electricity. The core has a radius of about 8-200
um and the refractive index (nl) of approximately
1.5. It also layered with a kind of material called
skins, which are made of dielectric material (hon-
silica or less doping), the skin has a radius of
about 125-400 pum and refractive index (n_2)
slightly lower than (n_1) [3].

Basically, Fiber optics can be is classified
into three types, singlemode step index,
multimode step index and multimode graded index
[4]:
1. Singlemode Step Index

Singlemode step index can transmit above
average of 50 times more longer than
multimode. These type of fiber have smaller
cores compare to multimode. The small core
and a single light wave can reduce the
distortion caused by the overlap of light, less
signal attenuation and high-speed

transmission [4]. Figure 2 shows the form of
singlemode step index fiber.

Figure 2 Singlemode Step Index Fiber
Optics [5]

2. Multimode Step Index

Multimode step index contains a bigger core
with a diameter greater than 100 microns. As a
result, some of the light makes the digital signal
passing through the main route (direct route). The
other signals are bended when the light is bounced
the cladding, this leads to an alternative different
light grouping known as a mode, it arrived
separately at a receiving point. The need to leave a
distance between both signals to prevent overlap
bandwidth will limit the amount of information
that can be sent to the receiving point. As a
consequence, this type of fiber are more suitable
for short-distance application [4]. Figure 3 shows
the form of multimode step index fiber.

Index

Figure 3 Multimode Step Index Fiber
Optics [5]

Figure 4 Multimode Grade Index Fiber Optics
(]

3. Multimode Grade Index

Multimode grade index contains a core with
gradually reduced refractive index from its center
of core to the outer cladding. The highest
refraction index are at the center makes the light
moves more slowly on its axis compare to the
light that closer to the cladding [4]. Figure 4
shows multimode grade index fiber.

B. Optical Time Domain Reflector

Optical Time Domain Reflector (OTDR)
identify and specifically display the events in the
span of optical fiberbetween the connector and the
splice. OTDR transmits light signals emitted
throughout the range of the fiber, where light
scattering may occur due to discontinuities in
some part of optical fiber such as connectors,
splices, and bendings. It then detected and
analyzed part of the signal returned by Fresnel
reflections and Rayleigh backscattering. Fresnel
reflection is a little part of light signals that is
reflected back when the light travels through
materials with different reflection index. Rayleigh
backscattering is a reflection resulting from light
scattering due to the fiber impurities [6].

C. Power Meter

Power Meter is used to measure the total loss
of an optical link either during installation or
maintenance process. The measurement must be
performed in accordance with the wavelength of
its transmitting. When the device works at a
wavelength of 1550 nm, the light sources used
must also be at 1550 nm [5].

3. Research Methodology

The research was conducted by firstly doing
field surveys to examine the structure of installed
fiber in the network, it the performing two stages
measurements using OTDR and power meter
devices. OTDR is used when measuring and
testing the installed FO to make sure its working,
both in terms of wavelength and OTDR other
parameters from the cable connector end to
Optical Terminal Block (OTB). Power meter is
used when measuring the total attenuation of
installed FO from the beginning and the end part
of the cable. OTDR will provide measurement
results in the form of insertion loss distance,
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reflection, and loss arising at any point of cable,
and display this information on the display screen.
Analytical study is conducted using the
measurement results data. The measurement
results then will be compared with the results of
previuos measurements that have been done
before the transfer process of core switch / server
of Unsyiah fiber optic network

A. Optical Fiber Network Measurement
Result.

1. Measurement Result Using OTDR

The measurement of optical fiber network
between nodes at Unsyiah using OTDR
Yokogawa AQ 7260 is tabulated on table 1. The
data shows the core number, distance, CUM loss
and SLOPE at every measuring point. CUM loss
is cumulative loss along the path, while SLOPE is
the link path attenuation per km. The measurement
on some cores could not be done due to there were

transmission came from reverse direction.
4. Results and Analysis
Table 1 Optical Fiber Network of Unsyiah Measurement Data
. CUM
Event Core Dl(slzarlnr;ce Loss (SdLB(/)kPnI]E)
(dB)

Law Facult 3 0,65428 | 2,481 1,536

y 4 | 2,02461 | 6,847 | -3,382

Librar 5 0,72517 | 0,944 8,863

y 6 2,02461 | -3,797 -1,876

FKH 10 0,97129 4,412 1,666

. 11 1,29843 | 3,456 9,558

Chemical Eng. Dept 12 | 007129 | 1,153 | 0,690
Integrated Lab. 13 2,02461 | 7,887 3,895
Teaching and Education Science 18 140781 | 2,073 0,276

Faculty

. . . 19 0,41930 | -0,660 | -1,737
Social Science and Politics Faculty 20 116372 | 2,096 0,462
Chemical Dept. of Mathematicsand | 21 1,52530 | 2,672 1,514
Basic Science Faculty 22 0,42032 | -1,336 | -3,472
Medical Faculty 23 1,4179 2,840 0,140

. 25 0,97534 | 2,569 1,330

MIPA (Dean Office) 26 | 042336 | -0,151 | -0,390
MIPA Faculty 28 1,20322 2,541 0,456
Auditorium 31 1,20423 | 2,417 0,347

32 1,20322 | 1,710 0,344

Agriculture Facult 33 | 042234 | -0592 | -1,585

g y 34 | 1,7817 | 8561 | -4,376
Economics Eacult 35 0,42133 1,444 4,243

y 36 | 0,76467 | 0,119 | -1,095

Pasca Sariana 37 0,4223 | -0,041 | -0,106

] 38 1,26298 | 13,133 | -33,452

L ab School 39 0,42336 | -0,058 | -0,151

ab 5choo 40 | 0,70796 | 0,564 | -0,438

Engineering Facult 45 0,76467 1,822 0, 457
gineering Faculty 46 | 1,20322 | 0,990 | 0,257
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Table 2 Optical Power Meter Measurement
Result

Core A (nm) Transmit Received Power
Power (UW) (dBm)
1 1310 1.17 -29.28
2 1310 1.17 -43.94

2. The Result of Measurement Using Optical
Power Meter.

The measurement was conducted on the
link between ICT center to Fakultas Teknik
building. The parameters recorded at calibration
process are:

a. Transmit: wavelength: 1310 nm and output
frequency 0 Hz.

b. Receive: wavelength 1310, received power:
32,90 yW. Calibration value: -13,55 dBm

B. The Measurement Result Analysis of Optical
Fiber at ICT — FT Link
There are two cores that are used on ICT
— FT link, core 45 and 46. The path for this link is
connected to old bureau building and passes
MIPA’s device. The measurement results for this
link with core 45, is shown on Figure 5 below.

Wi cnaiicaes
rea]

ol [8lo §

Figure 5 Graphic of Optical Fiber FT Link
Core 45 Measurement

At core 45 FT, there is a connector as shown on
the graph of figure 6 marked as ‘1’. The
connector is located at 0.42234 km with connector
loss of -0.016 dB. From the red color shown at
OTDR monitor, it is known that the connector loss
is below tolerable value. This bad connection
decreased the quality of signal propagation as
shown on the graph. The measurement result data
is shown on table 3.

Table 3 The Result of Measurement of Optical
Fiber FT Link Core 45

Event Link FT

Jarak 0,76467 km

Loss 1,822 dB
Atenuasi 0,457 dB/km

Next is the measurement of optical fiber on FT
link core 46. The measurement result is shown on
figure 6.

Figuke 6 The Measurement of Optical Fibre on
FT Link Core 46 Graph

As shown on the graph, there are five connectors
along the path. However, the light can still go
through all of these connectors. The connector
loss is 0.687 dB at 0.42234 km for the first
connector, -0.085 dB at 0,63503 km for the second
one, 0,056 dB at 0,76467 km, -0.092 dB at
0.92685 km for the fourth one and -0.031 dB at
1.06244 km for the fifth one. Signal propagation
line is almost straight but with many ripple along
the transmission as the effect of bad cable quality.

A report from technicians at ICT building Unsyiah
mentioned that complains arose quiet frequently
on this link. This complaint triggered further
measurement using optical power meter to
investigate the factors that may disrupt signal
transmission on this link. The data collected from
the measurement are received power measured at
ICT -FT link. At the first core, received power is -
29.28 dBm and at the second one is -43.94 dBm.
The transmitted power at both cores is 1.17 uW or
-29.32 dBm. The first core of this link is used as a
back-up and is not connected to the device. It
proves that the transmission link between ICT and
FT has a bad quality, since it received -49.94
dBm, from -29.32 dBm transmitted. It produced
losses on the transmission link as big as - 20.62
dBm. The simple diagram of ICT _FT link is
depicted on figure 7.

g 7 Dl ¥ D=0 Y° D=0 ¢ [0

n

Figure 7 Simple Diagram

ICT as core switch center sends signal using single
mode cable (black line on figure 8) and force it to
go through converter device at old Biro building.
From old Biro building, the signal continues to
travel to the device at MIPA which is multimode
old cable (red line on figure 8) that has already
existed before the core switch is relocated. There
are four connecting terminals that are passed by
the signal. Each terminal has two connectors. So
there are totally eight connectors that used to send
the signal.

Maximum standard loss value for a connector is
0.5 dB. This value is achieved if the quality and
the splice of the connector are good. However,
there is always possibility that this value is not
achieved due to the factors such as the connector
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is not properly connected to the terminal, the cable
bent, and the dirt on connector at each terminal.
These factors increase the attenuation and
connector loss.

C. The Comparison of Result of Measurement
Before and After Core Switch Removal

Along with the relocated of core switch optical
fiber network at Unsyiah, some changes took
place. The changes are mainly on upgrading the
network to increase the quality of service. The
changes in the network is shown on Table 4.

Table 4 The Changes on Unsyiah Optical Fiber Network Before and After Core Switch Removal

Changed Before Core Aft_er Core
No Aspect Switch Switch
Removed Removed
1. gggkﬁge%f 12 core 48 cores
Singlemode
2. Cable type Multimode and
multimode
Internet
access has Setiap
been moved gedung/fakult
Building/Fac | © . as masing-
3 ulty core Engineering masing 2 core
) Faculty and kecuali untuk
usage: ;
seat available | programmer
are have PUSKOM
extend a yaitu 4 core
week.

Even though the changes have been made,
transmission cable and network topology to
connect the cable to indoor devices at faculty or
building are still the same old one. The star
topology centered at old Biro building and
connected to buildings/faculty is still used.
However, the core switch that has been removed
to ICT center, and the use of single mode cable to
take 48 cores passing the topology will surely
affect the loss value and optical fiber total
attenuation.

The comparison of the result of measurement
before and after core switch removal are shown on
table 6. The data of measurement before core
switch removal were taken from 2010 data [7].
But, since the location of the core has changed,

then the comparison is made based on
transmission link that connect five main locations
to other buildings.

Tabel 5 The comparison of the result of measurement before and after core switch removal
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Loss (dB) Total a; (dB)
No | Link After After
Before Before

core | core Il core | core Il

1. Economics Faculty 2,73 -0,119 0,925 1,788 -0,837
Mathematics and
2. Basic Science 1,42 2,541 0,123 - 0,549
Faculty
Veterinary -
3. Medicine Faculty 3,15 4,412 1,536 1,618
4. Library 2,16 -3,797 0,103 6,427 -3,798
5. Auditorium 2,04 1,71 0,113 0,419 0,414
6. Law Faculty 1,98 -6,847 0,085 1,005 -6,847
D and

ata on Table 5 shows that at Economics Faculty-
Library link, the quality of network increased as
the loss value decreased, after core switch
removed. Considering the addition of network
device after the core switch was removed, the
attenuation on both link also increased. Besides,
there are other factors that may increase the
attenuation such as: the imperfect joint of
connector that may cause Fresnel reflection, the
use of two different FO cable modes that cause
core size variations and the addition of device that
increase the attenuation due to micro bending on
the cable connected to it.

The quality of network at Mathematics
and Basic Science Faculty, Veterinary Medicine
Faculty, Auditorium and Law Faculty link
decreased as the transmission and attenuation loss
increased. The comparison graphs of transmission

attenuation loss before and after removal are
depicted on figure 8(a) and (b) subsequently.

As can be seen on the graph, after core
switch removal, the network quality improves.
The use of two cores for every faculty building
may reduce and overcome disruption that
happened on one of the cores which has
transmission cable of bad quality. However, since
the network design needs the signal to go through
additional devices, the occurrence probability of
link attenuation also increases.

<\

6

4

2

0

.y | Economics Mathematics Veterinary
Fac. and Basic  Medicine

-4 Science Fac. Fac.

-6

-8

—¢-—Before =lll=Setelah (pada core pertama)

Library Auditorium', Law Fac.

Setelah (pada core ke 2)

Figure 8(a) Transmission Loss Comparison
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0 L """ : N >-— . 1 44

Economics Mathematics Veterinary Library Auditorium™,_ Law Fac.
-5 Fac. and Basic Medicine
Science Fac. Fac.
-10
—4—Before == After (1st core) After (2nd core)

Figure 8(b) Total Attenuation Comparison

Figure 8 The Comparison Graph of the Measurement Result Before and After Core Switch Removal

The lower the graph the better the link
transmission is. Minus value on the attenuation
and losses means there is gain on the signal
transmitted. However, the second core at Library
and Law Faculty link is an unused link, so the gain
occurred due to the absence of connector at the
end of the terminal that cause the signal to
propagate straightly along the path. Attenuation
excess happens when the signal pass through few
terminals.

D. The Result of Evaluation on Performance
Comparison of Optical Fiber Network at
Unsyiah.

From the research on performance
comparison of optical fiber network, it is found
that there are advantages and disadvantages on the
network after core switch/server removing. The
advantage includes the decreasing of loss value on
the link. Unfortunately, the network structure that
forced the signal to additional device will increase
the attenuation on the link. This phenomenon is a
disadvantage for the network after the core switch
removing.

5. Conclusions

Based on the measurement data and
analysis, it can be concluded that losses can be
appeared caused by many connection along the
link between nodes and degraded quality and
network performances. Result analysis shows that
attenuation along the transmission lines are
decreased after replacing core switch server and
the network quality improves.
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Abstract The utilization of crude palm oil as a feedstocks for biodiesel and glycerol synthesis utilize crude
lipase from rice bran was investigated. The transesterification can be carried out chemically or enzymatically to
produce fatty acid methyl esters (FAME’s) and glycerol. Glycerol is by product of this potential biodiesel.
Lipase-catalyzed transesterification of oils to FAME’s gives a very high-purity product that can be easily
separated from glycerol. This article describes the study of transesterification process using crude lipase extract
produced by rice bran. The study foccused on the optimation process in terms of concentration of crude lipase
and transesterification time. The optimization was done based on Response Surface Methodology (RSM) to
give either the optimum glycerol.

Keywords : Biodiesel; glycerol; lipase; and rice bran.

1. Introduction

Glycerol is one of the important materials in
chemical industries. It is a potential raw material that
can be converted into high value products such as
glycerol trihepanoat ( Sears & Darbey , 1982),
glycerol monostearate ( Kirk - Othmer, 1994),
glycerol monooleate (Griffin, 1979), lecithin and
tritetrabutyl glycerol (Kiatkittipong et al., 2010),
glycerol triacetin (Pagliaro M, Rossi M. 2010).,
glycerol tribenzoat and glycerol ester resin ( Kern,
1966) .

Indonesia meet the needs of glycerol by imports
from abroad which tends to increase from 2011-2014
(BPS 2014), as shown in Table 1

Table 1 Import of Glycerol Indonesia

Year Import (Ton/year)
2011 1.963
2012 2.327
2013 2.208
2014 2.448

Source: BPS, 2014

Given the high growing import of glycerol,
Indonesia needs to decline the import and produce its
own gycerol while there are a lot of raw materials
from Indonesia’s own natural resources. One of the
important efforts of making glycerol is to produce
biodiesel as fuel oil (Mittlebach and Claudia, 2004)
through transesterification reaction using vegetable
oils, e.g., Crude Palm Qils (CPO).

The transesterification reaction is a process of
reacting triglycerides in vegetable oils or animal fats
with short-chain alcohols. The reaction is usually

added by a catalyst to accelerate the reaction rate and
its conversion products. The catalysts that are often
used in the transesterification reaction is a
homogeneous alkaline catalyst (KOH, NaOH).

However, the reaction using chemical catalysts
are not environmentally friendly, since their chemical
wastes pollute the environment

Another alternative catalyst is to use an enzyme,
in this case, lipase. The type of lipase used for the
synthesis of vegetable oil is generally a microbial
one which is relatively expensive due to its
complicated production process (extraction, isolation
etc). Therefore, efforts to obtain a cheap source of
lipase is needed.

One of the natural ingredients that are known to
have lipase activity is rice bran ( Elizabeth et al ,
1998).

So far there has been no research on the
production of glycerol throughtransesterification
reaction using crude rice bran lipase. Hence, it is
necessary to study the use of crude rice bran lipase in
producing glycerol through the transesterification
reaction of vegetable oils .

Factors of enzyme concentration and reaction
time greatly affects the product resulted from
transesterification of vegetable oils . Long reaction
time is directly proportional to the percentage of
glycerol obtained, while the higher the concentration
of the enzyme the faster the reaction takes place. In
other words, the enzyme concentration is directly
proportional to the speed of the reaction and
conversion products. (Knothe, G. 2002) where the
desired amount of glycerol should be high. The
research herewith will be focused on the enzyme
concentration and reaction time .
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The purpose of this study was to determine the
optimall conditions of transesterification reaction in
glycerol production of crude palm oil using lipase
rice bran and the physico-chemical properties of
glycerol resulted from optimization using response
surface method (RSM) .

2. Material And Method

A. Materials
Raw materials used in this study was

obtained from the CPO palm processing factory of
PTPN VIII Cikasungka Bogor , West Java Crude
bran rice enzyme was supplied by a rice mill in
Tanjungsari Sumedang that was stored in glass
bottles which was sealed by silica gel to ensure its
moisture content remained constant..

Chemicals used during the study was 0.1 N
KOH , 0.05 N KOH , 95% ethanol , H2C204 0.1 N,
acetone NaH2PO4 . H20 , Na2HPO4 , alcohol 95 %,
buffer pH 7.4 , a solution benedict , H202 , FeCl ,
methanol , isopropyl alcohol , amyl alcohol , sodium
citrate , anhydrous Na2CO3 , K2Cr207 0.1 N, 6N
H2S04 , distilled water and 1 % PP indicator , the
indicator bromtimol blue , ethylene glycol .

B. Methods
A. Research Methode

Optimization of this research is to find the
concentration of enzyme crude rice bran and the
optimal reaction time in order to produce the highest
glycerol  conversion of the CPO substrate.
Concentration variable of crude rice bran enzyme
and reaction time was selected for the enzyme has
concentration and optimum reaction time on any
substrate . In addition, the optimum temperature and
pH of the enzyme of crude rice bran have been
known based on preliminary research and literature
studiesand being used as a fixed variable.

The determination of the optimum condition of
enzymatic transesterification reaction was carried out
by experimental design of Response Surface Method
(RSM) of Central Composite Design (CCD) type.
Each experimental design is shown in Table 2 and
Table 3, as follow:

Tabel 2 Value of Each Variable for CPO
Enzymatic Transesterification Reaction

Treatment (a) | () | (0) +) | (+a)

Consentration
of Lipase
Enzyme crude
of Bran Rice
(%)

6,27 | 10 | 19 28 | 31,73

ReactionTime

106 | 5 | 145 | 24
(h)

27,94

Run in this experiment amounted to 21, including
5 replicates to the middle point (center point) while
other points (star and factorial points) were repeated
twice. The responsevariable is expected as the output
destination of enzymatic transesterification reaction.
In this case there is only one response variable that
is the concentration of glycerol (%).

Table 3 Overall Run for Optimization of
Enzymatic transesterification reaction of CPO

Consentrat
ion of Reacti
Treatme | Crude Rice on Response
nt Bran Time
Enzyme (h)
(%)
1. 19 27,94
2. 28 5
3. 10 5
4, 19 1,06
5. 19 14,5
6. 19 14,5
7. 28 24
8. 19 27,94
9. 28 24 Consentr
10. 31,73 14,5 ation of
11. 6,27 14,5 Glycerol
12, 10 5 Percentag
13. 19 14,5 e
14, 10 24
15. 28 5
16. 19 14,5
17. 10 24
18. 19 14,5
19, 19 1,06
20. 6,27 14,5
21. 31,73 14,5

Having obtained the optimum variables, then
followed by model validation and testing of
physicochemical glycerol with descriptive methods
that include water content, density, viscosity, and
qualitative test of methanol

B. Main Research Procedure

The main research objective was to determine the
optimum conditions of glycerol production process,
the effect of the catalyst of crude rice bran
concentration of lipase and reaction time of the
conversion products as well as the physico-chemical
properties of glycerol resulted from CPO. The stages
of research activities were performed as follows:

1. Weighing: Crude rice bran lipase enzyme is
weighed according to variations of % w / w of the
oil in a beaker glass.
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2. Addition of Phosphate Buffer: Crude rice bran
lipase enzyme was filled into a 250 ml- Erlenmeyer
flask, added with phosphate buffer at pH 7.4 by 8
drops / gram of crude rice bran lipase. The addition
of phosphate buffer intended to maintain the pH of
the solution during the transesterification reaction
taken place for the optimum pH of crude lipase is
7.4 .

3. Addition of CPO and methanol with a molar ratio
of 1: 6 (v/ v) into a 250 ml Erlenmeyer flask, then
closed.

4. Transesterification reaction

The mixture was reacted for variationt=hat55°C
+ 2 ° C with agitation of 350 rpm using a shaker
incubator

5. Filtration

6. The results of the transesterification reaction is a
mixture of FAME and glycerol and crude rice bran
lipase. The mixture was then filtered using a vacuum
filter to separate the crude enzyme lipase in solid
form.

7. Sentrifuse

The mixture was then inserted into a centrifuge tube
and centrifuged at a speed of 4100 rpm for 1 hour to
form two distinct phases . The top layer is a fatty
acid methyl ester ( FAME ), while the bottom layer is
a mixture of glycerol and methanol.

8. Testing Concentration

Glycerol result of enzymatic transesterification
reactions using crude rice bran lipase concentrations
were then tested using the titration method. The
procedure can be found in Appendix 2.

9. Data Processing of RSM

The concentration of glycerol used as a response to
the factors of time and concentration of the enzyme
in the crude glycerol production optimization
process. Data concentration of glycerol is then
inserted into the Design Expert software to be
optimized. The results of data processing in form of
optimum conditions of glycerol production to
produce the highest concentrations of glycerol.

10. Optimization Model Validation of RSM

The model validation was performed by
transesterification reaction in accordance with the
optimum conditions resulting from software design
expert

3. Results And Discussion

A. Characterization of Raw Materials

1) Rice Bran

Characterization of raw material of rice bran was
conducted to review the potency of rice bran oil
when used as a lipase enzyme, as shown in Table 4.

Table 4 Charakteristic of Rice Bran

Parameter Characteristics of Rice
Bran
Water contentr (%) 4,46 (wb)
Protein Content (%) 16,59
Fat Content (%) 15,71
Lipase Activity 8,14
(U/ml)

The potential of rice bran can be used as a crude
enzyme lipase as seen from the content of fat, protein
and high value lipasenya activity. This indicates that
in the rice bran contained the enzyme lipase

2). CPO

Characterization of raw materials was also made to
the CPO to determine its quality . Here is the
characterization data of CPO are:

Table 5 Crude Palm Oil Characterization

Parameter Characteristic gf
Crude Palm Oi

Water Content (%) 0,42
Density (g/mL) 0,9068
Free Fatty Acid (%) 4,14
Jod Number (g/100 g oil) 10,44
Saphonification numbers 198,83
(mg/g oil)
Glycerol Qualitative Test Negative

B. Optimization of Transesterification Reaction
1) Glycerol Concentration

The results of the research to 21 randomized run
are presented in Table 6 of the 21 runs , 5 runs a
middle point (center point) for examination and
estimation of experimental error reducibility. The
concentration of glycerol as presented in the response
and the rightmost column shows the average value of
experiments in duplicate.
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Table 6 Glycerol Concentration Resulted From
Transesterifikasi Reaction

The following is a summary table of statistical
models Order 2, as shown in Table 7:

Consentrati
Treatme | O" of Crude | Reactio | Glycerol Table 7 Model Summary In Statistics Order 2
nt Enzyme of | n Time | Consentra Predicted
Rice Bran (h) tion (%) R- R-
(%) Source Quadrate | Quadrate

1. 28 5 2,52
2. 19 27,94 2,48 Linear 0,034139 | -0,22005
3. 28 24 3,28 Two
4, 31,73 14,5 4,14 Factors
5. 19 14,5 7,43 Interaction | 0,034153 | -0,29578
673 6%37 1402 ggj Quadratic | 0,941714 | 0,884567 | Recommended
8. 10 5 2,49 Cubic 0,947328 | 0,856316 | denied
9. 19 1,06 2,1
10. 28 24 3,74 Based on the Table 6 it can be seen that the
11. 19 14,5 6,16 chosen  model can explain the response
12. 19 27,94 2,08 (concentration of glycerol ) is a quadratic model with
13, 10 24 3.75 root R- Squared value and the highest prediction of R
14. 19 145 6,98 squared
12 18 1345 égé 3). Analysis of .Variance (ANOVA) _ _
17' 10 5’ 2 1 To dete_rmlne the response of the_z mteragtlon
18. 3173 145 5 62 pe‘gween variables contained in the equation obtal'ned,
19' 1’9 14’5 6,33 it is a need to refer to the results of the Analysis of

: ' d Variance ( ANOVA ). Experiments carried out there
20. 28 > 2,52 are two factors that do the optimization process is the
21. 6,27 14,5 5,39 concentration of crude rice bran lipase (A) and the

According to the Table 6, the concentration of
glycerol produced varies, ranging from 0.83 % to
7.43% . The concentration of glycerol generated
from each of the transesterification reaction
conditions CPO is still considered low when
compared to the concentration of glycerol generated
from the transesterification reaction of palm oil using
a chemical catalyst. As reported in the studies
Damayanti (2010 ) that the CPO transesterification
reaction with methanol and a catalyst assisted KOH
and NaOH 0.6%, 0.6 % , both will produce glycerol
concentration of + 35 %

A low concentration of glycerol is likely due to
the enzyme lipase in rice bran including crude
enzymes that have a low lipase activity. The
statement in accordance with Yesiloglu and Kilic
(2004 ) which states that the product formed is not
perfect due to using a form of the enzyme lipase still
rough so that the amount required to be able to run
the activities of transesterification is still inadequate.

2) . Selection Model RSM

The election process this model was based on a
summary of statistical models . Statistical parameters
used for selecting the right model was focused on the
roots of R -Square and predictions highest R squared.

transesterification reaction time ( B ) . The model
equations to be obtained has 5 terms with each term
has one degree of freedom. Term consists of two
linear effect (A & B), one effect of the interaction (
AB ) and 2 quadratic effect . Here is the data
Analysis of Variance ( ANOVA) on glycerol
production process, shown in Table 8.

Table 8 Analysis of Variance (ANOVA)

p-value
Source Prob > F
Model < 0.0001 Significant
A- Crude of Bran
Rice Enzyme 0.8983
B-Reaction Time 0.0097
AB 0.9535
A2 < 0.0001
B"2 < 0.0001
Lack of Fit 0.3037 not significant
R-Squared 94,17%

P value ( Prob > F ) for the model are significant
at the 95% confidence level. This means that
variables in the model have a significant effect on the
response of the concentration of glycerol. Moreover,
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the lack of fit is non significant also shows that both
models to be applied . The value of R2 = 0.9417
shows that the crude enzyme concentration and
reaction time effect amounting to 94.17 % while
5.83% are influenced by other factors such as ratio of
methanol : oil and temperature used in the
transesterification reaction .

In the ANOVA analysis of glycerol concentration
response , variable having a significant effect on the
production ~ process  of  glycerol  through
transesrterifikasi  enzymatic  reactions include
transesterification reaction time (B) , A2 and B2

Transesterification reaction time was significantly
affected on the production of glycerol. The longer the
reaction time, it will generate a large percent glycerol
concentration. It was due to the possibility of contact
between the substance increases.  Glycerol
concentration continues to increase at 1.06 hours to
14.5 hours.

Normal Plot of Residuals

Narmal % Prahahility

[N T P e e
By

T T T T
143 051 040 132 224

Figure 1 Plot of the normal probability and the
residuals

However, if the reaction equilibrium has been
achieved, then with time , it will not increase the
product yield. The output of design experts , it was
found that the reaction t = 15.25 hours is the time it
will produce optimum glycerol concentration is equal
t06.77 % .

But then that at 15.25 hours to 27.92 hours
decreased glycerol concentration results. This is
because at t = 15.25 hours, the reaction has reached
equilibrium . The reaction may be reversible ( back
and forth ) so that when it reaches a point of
equilibrium, then the reaction will shift to the left and
far to the product (Suhendra et al., 2005

Variable concentrations of crude rice bran lipase
enzyme as well as its interaction with a variable time
does not affect significantly the response of the
glycerol concentration is indicated with a P value
(rob > F) greater than 0.05 . The addition of crude
enzyme with a concentration range from 6.27 % to
31.73 % were not sufficient to provide an increase in

the concentration of glycerol . This is because rice
bran lipase activity of which is still very small

The accuracy of the model also can be seen from
the comparison carried out using a normal
probability plot of the residuals and residual plots
against the prediction of response. Here's a curve of
normal probability plot of the residuals and residual
plots on a predicted response.

Predicted vs. Actual

750 —|

583 —|

415 |

Pradictad

243 —|

080 —|

083 248 413 578 743

Figure 2.Plot of the residuals and the predicted
response
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&

Time

——
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44444
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Figure 3 3D-Curve: Effect of Crude Enzym
Concentration and time Reaction to Glycerol
concentration.
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Effect of crude enzyme concentration and
reaction time on the concentration of glycerol,
resulted from transesterification reaction — the profile
and the 3D contour curves, as shown in Figure 3.

The influence of the concentration of crude
enzyme ( A ) and reaction time ( B ) the
concentration of glycerol as a result of
transesterification reactions seen clearly in Figures 5
and 6 above. The concentration of glycerol will be
maximum at a concentration of 18.92 % and a crude
enzyme reaction time 1525 hours with a
concentration of glycerol to be gained by 6.77%

C. Validation Model RSM

The results of optimization using Response
Surface Methodology in glycerol production through
enzymatic transesterification using crude lipase can
be seen in the following Table 9.

Run Crude

.| Gliseral
No. Enzyme of | Reaction .
RiceBrn | Tme | CCecnmafon
Fredicted 1892 1523 8,771407
1| Actual 1892 1523 6.13163

AS can be seen in Table 9, there are differences in
the concentration of glycerol predicted results of the
optimization using the RSM and the actual results of
the study. The accuracy of the results of RSM model
validation based on the concentration of glycerol
obtained amounted to 90.55 % , in other words
acquired RSM models worthy to be a reference to the
process of production of glycerol through the
transesterification reaction .

Table 10 shows a comparison of the characteristics
of glycerol resulted from transesterification reactions
using crude glycerol with commercial lipase:

Tabel 10 Glycerol Characteristics

Physical Commercial | Researched | Unit
Property Gliserol Glycerol

Density 1,261 1,100 g/mi
Viskosity 1499 1382 Cp
(20°C)

Water 0,5 0,24 %
Content

Kualitative - + -
Methanol

4. Conclusion

1) Condition glycerol  production  process

optimization using Response Surface Methodology is
a crude enzyme concentration of 18.92 %, 15.25
hours reaction time will produce optimum
concentration of glycerol amounted to 6.77% .

2 ) The results of the model validation RSM in
glycerol production is crude enzyme concentration of
18.92 % , the reaction time of 15.25 hours to produce
the optimum concentration of glycerol of 6.13 % .

3 ) The accuracy of the results of RSM model
validation based on the concentration of glycerol
obtained amounted to 90.55 % , in other words
acquired RSM models worthy to be a reference to the
process of  production of  glycerol by
transestrification reaction .

4) Characteristics of glycerol results of the
transesterification reaction is 0.24% water content ,
density of 1.1 g / mL , the viscosity of 1382 cp with
methanol qualitative test positive , which means
there is still a methanol in glycerol
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Abstract Calcium has been known has a good decreasing in the leaching concentration of As. This study aims
to provide the useful reference in controlling As leaching concentration into the environment through the effet of
addition of suppressing material. Suppressing material, as the by-product of some industries which contains of
high calcium, had been proven in decreasing of arsenic (As) leaching concentration from coal fly ash. There are
three suppressing materials that have been tested, that are: paper sludge ash 3 and 4 (PS 3 and PS 4) and filter
cake (FC). Calcium hydroxide (Ca(OH)2) has been used as the standard for those three suppressing materials.
Ca(OH)2 and PS3 show almost 85-90% decreasing in As leaching concentration based on ICP analysis.
Based on some instrumentation analysis, calcium oxide has been known as the almost calcium
compound which is containing in PS 3 and also known has the best decreasing on As leaching concentration
amongst the others calcium compound tested. Therefore, PS 3 is decided as the best suppressing material in
controlling As leaching concentration in the environment.

Keywords: Coal Fly Ash; Calcium compound; Suppression material.

1. Introduction

Thermal power plant generates large
amounts of fly ashes. Coal fly ash is powdery
material leftover from burning ground or powdered
coal. Presently, a substantial amount of these wastes
is disposed in landfills and only 16% of total ash
worldwide is potentially utilized for various
applications such as cement production, synthesis of
zeolite, mine backfill, and road-sub-base. If not
properly disposed of, it can cause water and soil
pollution, disrupt ecological cycles and pose
environmental hazards.

The large volume of coal fly ash produced
around the world is a potentially significant
anthropogenic source of arsenic. Arsenic (As) is one
of the most volatile and potentially toxic metals in
coal. It is largely released into ambient as gas phase
and/or associated with fine ash particulates during
coal combustion. Even for the fine ashes which are
captured in a power plant, the subsequent
treatment through landfilling results in the
mobilization of As into aquifer systems, which
consequently causes damage to either surface water
or groundwater.

Environmental quality standard is a value,
generally defined by regulation, which specifies the
maximum permissible concentration of a potentially
hazardous chemical in an environmental sample,
generally of air or water. The values vary from
country to country in order to prevent health hazard
and conserve the living environment. Related to the
protection of human health, Japanese government
established the permissible limit for As is 0.1
mg/L, and related to  environmental  quality
standard for  water pollution the As standard is
0.01 mg/L or less.

Understanding the leaching behavior of As

in coal fly ash is significant in evaluating its
potential impact on the environment. Calcium is
known to play an important role in the release of
arsenic from coal fly ash. One hypothesis is that
arsenic is reacting with calcium and precipitates
as calcium arsenates. Suppressing material is by-
products from industries which contains of high
calcium contents.

In this research, leaching experiments
have been done by the addition of some amounts of
suppressing material into the coal fly ash sample.
This addition is intended to decrease the arsenic
leaching concentration, so that it can be used to
control the leaching of arsenic into the environment.
The role of suppressing materials onto  arsenic
leaching concentration will be verified in this
study. Furthermore, the calcium compound that has
influence in the process also will be investigated.

2. Methodology

A. Coal fly ash and suppressing materials

Coal fly ash sample H (FA H), is
collected from a coal fired power plant (600MWe). It
decided to use as the sample based on the low
calcium contents (2.05% of CaO, measured by
X-ray fluorescence; XRF), and high arsenic leaching
concentration (48.66 pg/L, measured by ICP —
AES/OES ULTIMA2, HORIBA Ltd).

Three Kkinds of suppressing material
which have been tested in this research, they are
papersludge ash (PS 3 and PS 4), filter cake (FC) and
calcium hydroxide (Ca(OH)2). The percentage of
calcium oxide (CaO) which consists in PS3 and
FC based on XRF analysis is 46.13% and 59.18%.

Paper sludge ash is waste generated by
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the paper recycling industry. It is produced when
dewatered waste paper sludge, a by-product of the
de-inking and re-pulping of paper. It is combusted, to
reduce waste volume and to produce energy. Filter
cake (FC) comes from lime industry, which is waste
in a CaCO3 manufacturing process. Therefore,
calcium hydroxide or Ca(OH)2, is chemical
compound that have been used tocompare the
results of both suppressing material above. Some
pure calcium compounds also have been tested into
FA H in order to investigating calcium compound
which affect the leaching mechanism.

B. Sample preparation and leaching test

Coal fly ash was mixed with suppressing
material in the mixed bag. The addition ratio of
suppressing material is 5% and 10% of total mixture.

Leaching test No. 13 which notified by the
Japanese Environment agency were basically
employed as the leaching test in this work. Amounts
of coal fly ash will was mixed with distilled
water (the ratio 1:10) and it was shaken with the
shaking speed 200 r.p.m for 6 hours in room
temperature. Solid-liquid sample was separated by a
filtration using membrane filter of 0.45 pm to
obtain the filtrate. The arsenic concentration in the
filtrate was measured by ICP-AES. The final pH of
leachate was measured by pH/ION METER D-53,
HORIBA.

C. Instrumentation

Ethylene  glycol  extraction insisted
with ICP-AES analysis and thermogravimetric
analysis has been carried out in the
determination of
calcium oxide and calcium hydroxide in coal fly ash
and suppressing materials for the quantitative
analysis.

X-Ray photoelectron spectroscopy (XPS
Quantera SXM-G) analysis was applied into the
investigation of calcium compound on the surface of
coal fly ash and the XPS peak obtained were
processed by using of MultiPak sotware.

3. Result And Discussion

A. The effect of suppressing material into As
leaching concentration

Arsenic  is  reacting with  calcium
and precipitates as calcium arsenates, which is
slightly soluble in water. The addition of suppressing
material which contains high calcium contents could
be enriched the calcium contents in coal fly ashes, so
that the leaching of arsenic into the environment
could be controlled.

3 Ca0 +As203 + 02 [ Caz(AsO4)2

Calcium hydroxide (Ca(OH)2), as the
standard calcium to compare the leaching results
from the others suppression material shows almost
95% of decreasing compared with the leaching
concentration of coal fly ash without suppressing
material.

Paper sludge ash (PS3), shows the
closest effect with Ca(OH)2, with the decreasing
percentage of arsenic leaching concentration is
85-90%, while the PS4 only shows 50% of
decreasing. In the contrary with filter cake (FC)
result. The effect of FC into As leaching
concentration could not be detected.

70 ;
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40 ¢
30 |
20 F
10 |
0:
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As leaching conc. [pg/L]

(/’b

Fig 1. Suppressing material effect into trace
elements As leaching concentration

This hypothesis has been insisted with
the result from ion chromatography analysis as
shown on Fig 2, which explained the relation
between the concentrations of calcium ion in
leaching solution and As leaching concentration. The
effect of calcium into pH also was explained in
the figure 1. The difference in pH could be an
indicator of the calcium content amount in the
leachate. In the next, the determination of pH
leachate expected could be an indicator of the
calcium role into As leaching concentration.

August, 30™-31%, 2016 | 78



Proceeding of The 31 Engineering Science And Technology
International Conference (ESTIC) 2016, Padang Indonesia

Published Januari 2017

ISSN 2548 — 8902 Vol. 3

70

60

¢ FAH

(9]
o

1
* PSIK(3) < PSIR(4) | |
\

FC

30

Ca(OH)2 | |

20

10

As leaching conc. [pg/L]

-

200

400 600 800

Ca*2 concentration [mg/I]

o

o

Fig 2. Correlation between Ca*?2 concentrations
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B. Investigating calcium compounds in coal fly
ash and suppression materials

Some calcium compounds have been tested
as suppressing material into FA H in order to
ascertain the effect of calcium into As leaching
concentration. Based on the results have been known
that calcium affects the As leaching concentration.
Moreover, Fig. 3 explained that calcium oxide (CaO)
and calcium hydroxide (Ca(OH)2) gives better
decreasing on As leaching concentration comparing
with calcium carbonate (CaCO3) and calcium
sulphate (CaSO4). Based on this results, could be
hypothesized that PS3 and PS4 may contains CaO or
Ca(OH)2 and FC contains CaCO3 or CaSO4. Some
analysis and instrumentation have been done to
investigate the exact calcium compound in the
suppression materials and coal fly ash itself. XPS
analysis has been carried out into some pure calcium
compounds and two suppressing materials, PS
and FC, which showed the contrary effect each other.

Table 1 shows the XPS results of some
pure calcium compound which will be used to
compare the binding energy of coal fly ash and the
both suppressing materials mentioned above.

Table 1. Binding Energy Data Of Pure Calcium

Compounds
Experimental Data |Data Base
CaO 346 346.2
Ca(OH)2 346.1 -
CaCO3 347 346.8
CasO4 347.6 347.4

1,000

wn <N
fe) f)
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§ oL ® ® | 0CaC03
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Fig 3. Calcium compounds effect into As leaching
concentration

Table 2 shows the XPS analysis result of

coal fly ash and the suppressing materials. Compared
with the result from the Table 1, the estimated
calcium which contain in PS3 and FC are CaO
and CaCO3. Could be said that PS3 is a good
suppressing material because it is containing CaO
and FC is not a good suppressing material because it
is containing of CaCQO3.

Table 2. Estimated Calcium Compound In Coal
Fly Ash And Suppression Materials

20

Experimental Data Estimated

Ca compound

PS3 346.4 CaO
FCFAH 346.7 CaCO3
347.1 -

The binding energy of coal fly ash sample
(FA H) is in between the binding energy of CaCO3

and CaSO4. Therefore, XPS analysis had been
carried out into the mixture of CaCO3 and CaSO4 in

order to establish the calcium compound
composition on FA H.

34765
3476
347.55
3475
347.45
347.4
347.35
3473
347.25
347.2
347.15
347.1

347.05 \
347

346.95

FAH

Binding Energy (kV)

0 10 20 30 40 50 60 70 80 90 100
% CaCO,

Fig 4. The XPS results of CaCO3 and CaSO4
mixture in CaCO3 percentage
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Figure 5 shows the calibration curve of
CaCO3 and CaSO4 mixture. The composition of
calcium compound in FA H was expressed in
percentage of CaCO3. By plotting the binding
energy of FA H on the graph, estimated calcium
compound in FA H have been investigated. The ratio
of CaCO3 and CaSOg4 in coal fly ash sample H in
sequentially is83% and 17%. Table 3 shows the
comparison of calcium compound in FA H
between calculation result and experimental result
(XPS).

Calculation result is the results which produced by
calculated the data from XRF analysis and ion
chromatography analysis. Based on the FA H
result from the both analysis, had been known that
the percentage of CaCO3 and CaSO4 in FA H is
almost same with the XPS analysis results.

Table 3 Comparison Between Calculation And
Experimental Results

Calculation Xps Analysis
Result Result
(W1t%0) (W1t%0)
CACO3 81.45 8
Caso4 18.05 1

Based on the discussion above could be
concluded that calcium which is consisting in coal fly
ash is almost of CaCO3 and material with high CaO
or Ca(OH)2 content is the best material for being
suppressing material.

C. Quantitative analysis for calcium compound in
coal fly ash and suppressing materials

The leaching experiment by ethylene glycol
analysis has been conducted in order to know the
amount of calcium oxide (CaO) and calcium
hydroxide (Ca(OH)2) content in leachate from the
mixture of FA H and the three suppressing materials
below. The results of this analysis will be

measured by ICP analysis and insisted with
thermogravimetric analysis.
r mCa0 Ca(OH)2 m unknown
100 [ .
g 80 L
g
£ N
g 00
E‘ r
S 40 |
- L
|&]
20 [
0 1
FAH (1s) PS (3) PS (4) FC

Fig 5. The calcium compounds ratio in coal fly ash
and suppressing materials

Figure 5 shows that only PS 3 which is
consisting of Ca(OH)2 and PS 3 also content higher
calcium oxide than the two others suppressing
materials, 8.19%. FA H is containing 0.13% of CaO
but based on the previous discussion, almost of the
calcium contents in FA H is CaCO3. Therefore, could
be concluded that the unknown compound in the
figure 5 is calcium carbonate (CaCO3). Table 4 will
show the CaO percentage each materials.

Table 4 Cao Composition For Coal Fly Ash And
Suppressing Materials

Material CaO composition ( wt%o)
FAH 0.13
PS3 8.19
PS4 0.57
FC 0.12

4. Conclusion

Based on this research has been known that
suppressing material is affected on As leaching
concentration. The most calcium compound which
consists in FAH is CaCO3 and that calcium
compound did not give a good effect in As leaching
concentration. CaO was known has a good decreasing
in As leaching concentration. Paper sludge no 3 is
containing high calcium oxide, therefore PS 3 is
decided as the best suppressing materials for
controlling As leaching into the environment.
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Abstract In this study, sand adsorption ability in removing cadmium ions dissolved in solution at pH 4.5, was
investigated. The concentration variation of contaminant and size of sand and shaking rpm, were applied to
measure the sand adsorption ability in removing Cadmium ions. The optimal of sand adsorption ability was
38%. The interaction model of the adsorbed on sand surface was investigated by using adsorption kinetics
pseudolst and 2nd order. The interaction of sand surface was following the 1st order with slightly higher R?
than 2nd order. The interaction type was occurred competitively in physical and chemical sorption. The
contaminated sand was then remediated by using batch washing and column flushing without foam with SDS.
The removal by batch was about 10.00% and by column flushing without foam is about 11.30%. Flushing in
column without foam showed the domination of channeling effect in which the removal results were very low.

Keywords: Adsorption Ability; Sand Adsorbent; Contaminant; Remediation.

1. Introduction

Human activities in the production of
various mining industries, agriculture, transport and
others, can release large amounts of heavy metals
into the environment. The main sources of metal
pollution are the burning of fossil fuels, smelting of
metal ores, the use of fertilizers and pesticides, and
others [Sardar, et al, 2013]. Pollutants such as heavy
metals are substances found in the environment that
caused adverse effect by destabilizing. One of the
hazardous metals is Cadmium (Cd2+). Usually found
in the form of mineral combined with other elements
such as oxygen (cadmium oxide), chlorine (cadmium
chloride) or sulfur (cadmium sulfate, cadmium
sulfide). Cadmium can be toxic to almost every
system of the animal's body, the environment, reduce
quality of life and can ultimately cause death.
(Duruibe, J. O., et al, 2007; Raikwar, Mukesh K., et
al, 2008)

Sand can be a good choice as an adsorbent
material, because the amount is abundant and easy to
obtain in the environment. Many studies were done
to evaluate the sand adsorption ability on heavy
metal ions, other elements in the waste water, or soil
(Shi, Shan, et al, 2014). To purify the contaminated
water some methods already applied such as:
adsorption process, coagulation and precipitation
chemistry, electro-flotation, ion exchange and
membrane separation (Da Mota, et al., 2014).
Adsorption proses is more efficient and less
expensive than other technology entrapment of heavy
metals for water purification (Barros M. A. S. D., et
al 2003).

Sand adsorption capacity is affected by pH,
ionic strength, and the nature of divalent cations in
the solution phase. Because sand is not porous, the

adsorption can only occur on the outer surface of the
sand. The specific surface area and performance is an
significant factor for its absorption capacity (Shi,
Shan., et al, 2014; Thambavani dan Kavitha, 2014)
evaluated the adsorption ability of sand to adsorb ion
Cr without modifying the adsorbent. Gusain et al.
(2013) modified the sand to adsorb ion Cu. Han et al.
(2014) modified sand with FeS to adsorb the As
metal with variation of pH and weight of adsorbent.
Modified sand was possible to adsorb almost 100%
As metal at pH lower than 7. Haryanto and Chang
(2014) used natural sand to adsorb Cd and Cu then
used bio-surfactant to remediate the contaminated
sand. Shi, Shan et al. (2014) used sand adsorbent to
remove dye contaminants.

This study is to evaluate the adsorption
ability of the sand from Medan in removing Cd2+
metal ions from contaminated water with batch
operation system. The interaction of metal ion and
diffusion type were evaluated. Batch and column
washing were applied to desorb the metal ion from
the sand surface.

2. Material and Methods

The white sand was obtained from beach in
the Tourism District Dolok Masihol, Serdang
Bedagai regency, North Sumatra, Indonesia (Figure
1A). Every 1000 grams of white sand was washed
with 1.2 L of deionized water (aquadestilator, W4l
Water Still Favorit, Indonesia) by stirring with a
propeller of 100 rpm for 1 hour. Effluent then
discharged and a new washing water was added. It
was done as much as 3-4 times and repeated until the
pH of the washing water become constant (Figure
2.1.B).
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Figure 2.1 (A) White Sand and (B) Propeller in Cleansing the Sand

The next step was the process of drying the
adsorbent in the oven (Memmert UN, 55, Indonesia).
The oven was turned on and waits until the
temperature reached 60 ° C (Ansari, Et al, 2013).
Every 10 minutes of drying time, the white sand was
weighed until a constant mass achieved. The
adsorbent was left up to cool to room temperature.
Then the white sand was sieved to get mesh size
variation: 10; 20 and 40 mesh size.

The solution provided was acid solution. Base
solution is a solution of 0.1 M HCI 3 Liter and 0.1 M
NaOH 3 Liter. The second solution was used as a pH
solution control and as a metal solvent with pH 4.5 as
much as 5 L. 5 L deionize water was put in a sterile

bottle. Then into the water were added HCI and
NaOH to reach out pH 4.5 the materials were
purchased from Mallinckrodt Baker, Inc, Paris and
from Merck KgaA, Darmstadt, Germany,
respectively. Solvent solution of pH 4.5 is taken out
about 2.5 L. Then the solution is put into a sterile
bottle. Then the solution was added with solid Cd
(CH3CO0), 2H,0 as much as 125 mg, purchased
from Merck KgaA, Darmstadt, Germany. The
mixture was stirred until the solid metal ions were
dissolving. The solution was analyzed by AAS to
confirm the content (ppm) Cd?* in solution.

[

[ ]

= o

Figure 2.2 the orbital shaker for adsorption process and batch washing

Metal ion concentration Cd®> * 50 ppm
solution in 100 ml taken from the 2.5 L bottle, then
inserted into every each of 10 bottles Erlenmeyer.
Then 100 gram white sand adsorbent with size fit to
a particular adsorbent is added to each of the solution
within the 10 Erlenmeyer. Then all the bottles were
the mixture is stirred with a shaker at stirring speed
of 100 rpm at room temperature for 2 hours (Figure
2; d72379, Hechingen Edmund Buhler GmbH, KS
15A, Germany). Then all the erlenmeyers were
allowed to stand without stirring for 24 hours to
reach equilibrium adsorption of Cd*" into the sand.
The entire solution and sand accumulated 1000L and
1000 gram are to uniform the concentrations of Cd.

Then 50 mL samples were taken for analysis. Cd**
ion concentration in the solution after adsorption
were analyzed by Atomic Adsorption Spectroscopy
(AAS), AA-7000 Series, Shimadzu Corporation,
Japan. Then the 930 ml of fluid was taken and then
dried in an oven. Then the concentration of (ppm)
Cd?* contained in the sand were calculated. Equation
(1) is the amount of metal ion adsorbed in sand at
equilibrium (ge); gt is the amount of metal ion
adsorbed in sand at time t, when one run on contact
time (Equation 2). Equation 3 (%R) is to calculate
the percentage of metal ion removed from solution
and when using the remediation by batch and column
flushing from the sand contaminated. Equation 4 was
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the accumulation amount of metal ion adsorbed in
sand during adsorption process at equilibrium and
residual left in sand after put in oven. Where: ge, gt
and qr is (mg/g); C, is the initial metal concentration
(mg/L), Ct is the metal concentration at time t (mg/L)
and Ce is the metal concentration at equilibrium
(mg/L). V is the volume of solution (L) and mgys is
the mass of adsorbent (g). (Liuchun, Z., et al., 2010;
Liu, W., Et al., 2013; Liu H., Et al., 2013; Vafakhah,
S., et al., 2014; Arshadi, et al ., 2014; Qinghai, H., et
al., 2014).

(G- CV €

e
Mg

_(Cp—CV 2
qt B mads
C,—C
R% = M.mo% ®)
Co
(Co —Ce)Vo (Ce)Vr (4)
qr = +

m m

Shown in Figure 2.2 The flushing column operation
was as shown in Figure 2.3.

]

4

[N]

Figure 2.3 Flushing in Column Without Foam

In remediating with batch system, the 13
grams of contaminated Cd** sand was added to the
Erlenmeyer. The remediation operations have been
done with variation of SDS concentration and
rotation speed of shaker (Haryanto, B., et al, 2014).
Then the sample is taken timely up to 24 pore
volumes. Cd** ion concentration in the effluent was
analyzed by AAS. In flushing column, the 13 grams
of contaminated Cd®** sand was added to the
remediation columns. Then it was remediated with
0.5 cmc surfactant, by controlling the solution flow
rate of 2ml/min into the column (Haryanto, B., et al,
2014). Then effluent of surfactant accumulated on a
beaker glass. Then the sample is taken up to 24 pore
volumes. Cd®* ion concentration in the effluent was
analyzed by AAS. Then the value of %R was
calculated by equation 3. Pore Volume (PV) was
calculated as the free space of the inter area of the
sand in the column. PV then was used as a parameter
to collect the volume of effluent flushing from the
column and for the volume of surfactant solution
used in batch system.

Model for adsorption kinetic can be
evidenced by the coefficient correlation (r?). The
equations of first order (5) and second order (6)

respectively expressed as follows (Chen S., Et al,,
2011; Liu H., etal., 2013; Arshadi, et al., 2014):

log(q. — q,) =loggq,
k, (%)

2,303t

t—1+t
. k9% q.

Liu H., et al. 2013 has reported that the
adsorption process was understood as a process of
migration of a substance from the solvent to
penetrate the surface of the adsorbent. The diffusion
of an ion is referred to as an external diffusion and
can be described using the following Equation 7:

1

(6)

C 7
In—t=-zt+cC 7)
Co
kfA
with:z = —L= and 4_3m
74 74 pd
Co, C, and A/V are respectively the initial

concentration of the solution, the concentration at
time t, and the ratio between the total particle surface

August, 30"-31%, 2016 | 83



Proceeding of The 31 Engineering Science And Technology
International Conference (ESTIC) 2016, Padang Indonesia

ISSN 2548 — 8902 Vol. 3
Published Januari 2017

areas to volume of solution. Liu H., et al. (2013)
compared the sample to A/V. Where m is the mass of
adsorbent (g), d is the particle diameter (m), and p is
the density of adsorbent (g/cm3). External diffusion
coefficient, k¢ (cm/s), can be determined from the
slope of the line from the plot of In (C/C,) versus t.

Internal diffusion can be described by
experimental data using the following Equation 8
(Chen S., etal., 2011):

q. = kigVt +C
(8)

Where gt is the adsorption capacity at time t (mg/g),
the kid is a diffusion coefficient (mg/g.min®®) and t is
the time of adsorption. To confirm the present of
metal ion on the sand surface area, was analyzed by
BET micrometric Instrument Laboratory, PT.
Indonesia Asahan Aluminium (PT. INALUM).

3. Results and Conclusions
3.1. Results

In investigation on the wvariation of
adsorbent size, from analysis it can be seen that the
current size of 40 mesh adsorbent has the best

removal of Cd2+ with the (R%) is 43.47% for 2
hour sorption process with shaking and 45.62% for
24  hour sorption process without shaking.
Meanwhile, when the size of the adsorbent is 10
mesh, has the smallest removal of Cd2+ in solution
for 2 hours and 24 hours sorption process which are
36% and 39.35%. Sand 40 mesh size has larger
surface area that possible to increase the adsorption
capacity in removing the metal ion compared with 10
and 20 mesh size.

Confirmation by BET method, this sand
surface area is large enough. It was found that the
specific surface area of the 40 mesh white sand
adsorbent is 368 cm2/gram. The sand surface area
was greater than the surface area of the specific river
sand in India which is 76.75 cm2/gram (Thambavani,
2014). When an adsorbent has a larger surface area,
the width of the contact area between the adsorbent
and adsorbate will be greater, so that the process will
provide higher adsorption ability (Widihati, et al,
2012).

50

40
30

g 20
10

0

10 mesh

20 mesh

40 mesh

Figure 3.1 %R of metal ion Cd verse variation of mesh size of sand
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Figure 3.2 %R of metal ion Cd verse variation of rotation speed
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Figure 3.3. %R of metal ion Cd versus initial concentration

Varition of Shaker’s Rotation Speed is
shown in Figure 3.2. From the analysis above, it can
be seen that the stirring speed of 150 rpm provides
the largest percentage of adsorption. In the removal
percentage that is: at the time t0 = t1 = 0 minutes to
120 minutes and Tmax = 24 hours, the %R was
increase from 38.61% to 43.28% respectively. While
the smallest removal percentage is on the stirring
speed of 100 rpm when, t0 = t1 = 0 minutes to 120
minutes and Tmax = 24 hours with the %R : 34.48%
and 35.63%.

Stirring speed is also one important factor
that can affect the ability and adsorption capacity of
an adsorbent. Higher rotation speed can encourage
the mass transfer of the solution to diffuse the ions
in large amount onto the intra surface area of the
adsorbent. It is caused by a layer of film on the
adsorbent that thinning the adsorbent which make it
able to penetrate the layer film (Drastinawati and
Zultiniar, 2013). But the stirring speed if too fast will
cause desorption then the adsorption capacity will
decrease (Thambavani, et al., 2014). It was shown in

this result, which increasing the speed at 200 rpm,
decreased the %R.

Variations of initial concentration, of
contaminant in solution are shown in Figure 6. From
the result, it can be seen that the solution
concentration of 70 ppm Cd* * has the largest
removal percentage. For the adsorption process at the
time ty = t; = 0 minutes to 120 minutes and Tmax =
24 hours, %R were 38.61% and 43.28% respectively.
While the smallest removal percentages of Cd? *
concentration 50 ppm at the time, to = t; = 0 minutes
to 120 minutes and Tmax = 24 hours are 27.11% and
30.45%.

The above experimental results show that the
removal is proportional with the concentration of the
metal ions. In other words, the interaction between
the metal ions and adsorbent will increase
concurrently with the increasing concentration of the
metal. The reason is because the greater the
concentration of the metal ion in the solution will
cause more amount of adsorbate absorbed on to the
active sites of the adsorbent (Haryanto and Chang,
2014).
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Figure 3.4 %R of metal ion Cd verse contact time of adsorption kinetic
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Figure 3.5 Pseudo First Order and Second Order

Adsorption Kinetics is demonstrated at
Figure 3.4 The adsorption equilibrium can be
achieved by measuring the contact time between the
adsorbate with the adsorbent. From the results, in the
first 5 minutes, the amount of metal ions Cd2+
adsorbed was only 13.66%. Cd2+ adsorbed achieves
optimum point in the minute-200, where the %R
adsorbed was 39.31%.

At the beginning of the adsorption process,
many adsorbent surfaces not yet absorbed the Cd2 +
ions which makes adsorption is low. Adsorption
capacity continues to increase to adsorb Cd2+ ion
until the time of 200 minutes with the concentrations
of adsorbate Cd2+ consecutively 25.35%, 29.22%,
31.44%, 34.55%, 35.41%, 36.25%, 37.51 9%,
38.35%, 38.61%, 38.72%, 38.89%, and 38.96%.
After 100 minutes operation, adsorption interaction
of Cd2 + by white sand had approached a constant
point. This show, that the adsorption process has
achieved an equilibrium state (Thambavani and
Kavitha, 2014). The equilibrium time is to find out
when an adsorbent already reached saturation so that
the adsorption process has been completed.

From the results of theoretical calculations,
the correlation coefficient (%) for first order is lower

than second order as shown at Figure 3.5. The
equation of first order has a value of r* = 0.965 and
equations of second order has a value of r? = 0.998.
This shows that the pseudo second-order modeling
makes more presentative of the adsorption data.
From these data it can be concluded that the
adsorption process is involving a chemical reaction
(chemisorption) between the adsorbate and adsorbent
(Thambavani and Kavitha, 2014).. With both r2 was
very close it may be concluded that the interaction on
the surfaces occur together with physical sorption.
The correlation coefficient (r2) for external
diffusion was lower than internal diffusion as shown
at Figure 9. The value of external diffusion is r2 =
0.6818 and the value of internal diffusion is r2 =
0.7956. These show that the internal diffusion is
more presentative of the data. From these data they
are shown that the adsorption process was dominant
by as internal diffusion. With both r2 figures were
close it may be concluded that the diffusion on the
surface occurs together with external diffusion. The
internal diffusion was at inter particle area of sand.
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Figure 3.6 Internal and External Diffusion

In this study the contamination was 37.7817
mg/kg of Cd2+ on sand. The result in remediation by
flushing with batch system is shown in Figure 10.
The concentration removal efficiency is at 2 CMC of
SDS concentrations and with stirring speed of 100
rpm, the result is 1.39 ppm. For percentage removal
efficiency is 10.01%. While the removal efficiency
of the lower concentration of SDS is 0.4371 ppm
with the percentage of removal efficiency (%RE) is
3.1464%.

In theory, the shaking speed is directly
proportional to the results of removal efficiency. The
greater the speed of shaking will increase the metal
removal efficiency. According to Haryanto, et al.,
2014, the surfaces of the sand has fractions on their
outer surface and inter surface area. By doing the
shaking, the surfactant monomer may diffuse further
to interact with the Cd2+ ions that possible to
increase the removal efficiency.  Surfactant
concentration is one important factor in increasing
the removal efficiency.
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Figure 3.7. %R of metal ion Cd to desorb verse SDS concentration with batch system
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Figure 3.8 %R of metal ion Cd to desorb verse SDS concentration in column remediation

Figure 3.8 demonstrates the removal
efficiency over metal ion with the variation of SDS
concentrations. From the analysis above, it can be
seen the effect of SDS concentration and flow rate on
the SDS removal efficiency. The results show
comparisons between washing with water and
washing using surfactants. It can be seen that
washing with water (Ocmc) with an increased rate of
SDS water also increases the removal efficiency.

The result obtained was fluctuated about
0,5x cmc. This is due to the addition of SDS
molecules only on the surface of the water, so that
the interactions to the metal ion onto the sand surface
is low. Because the sulfur-containing on the molecule
of SDS, SDS can bind with heavy metals and
facilitate and initiate desorption of heavy metals from
the soil (Anhua long, et al 2013).

Using 1x cmc, micelle is formed; it is
enough to add the ability to interact with the metal
ions on the surface of the sand. When the surfactant
molecules are increased, the micelles begin to form
what is called: the critical micelle concentration
(CMCQC). Interactions of micelles with a hydrophilic
surface further enhancing desorption of contaminants
from the sand (Xuhui, Mao, Et al, 2014).

For 2 x cmc, the number of micelles is
increased, the interaction with metal ions Cd (Il) is
possible to increase. This further enhance the
interaction to desorb metal ion Cd (Il) contaminants
on the sand surface. But the results were fluctuating
against the increase in flow rate. The channeling
effect cannot be controlled at a certain flow rate of
SDS. Channeling effect on the flow of washed
solution leads to lower contact area between the
washing solution and the surface of the sand.
Channeling effect is a key factor that limits the
achievement of efficiency in the removal or washing
without foam technique (Haryanto, Bode, et al,
2014).

At the time of the surfactant solution with a
concentration of 5x cmc, the numbers of micelles are
increased. It caused the micelle to repel force among
the negative charge of SDS that tends not to interact
with the surface of the sand. If the surfactant is added
and exceeds the CMC, the micelles number will
continue to grow but their size will remain almost
constant (Mulligan, C. and Suiling W., 2004). SDS
tend to directly flow out without interacting with the
surface of the sand which then produces a channeling
effect (Haryanto, B., et al, 2014). According
Ramamhurti (2013), when the SDS concentration
passes CMC increases in metal ion released, are not
significant.

An increase in the concentration of SDS, a
strong repulsion occurs between the surface of the
sand and surfactant molecules for group/aggregate
negative head of surfactant SDS. Above
experimental results show that the removal efficiency
is unstable against SDS concentration. This is due to
the channeling effect on the flow of washing
solution, leads to a lower contact area between the
washing solution and the surface of the sand. As a
result, the group micelles can only interact with ion
Cd (II) and generate small removal percentage of
washing (Haryanto, B, et al, 2014).

3.2. Conclusions

The adsorption capacities of the sand were
affected by variation of initial concentration, speed
rotation and size of Sand. Increasing the
concentration will increase the adsorption capacity.
The larger sand surface area increases the ability to
adsorb the metal ions. Increasing the rotation speed
will increase the adsorption capacity but also will
desorb the metal interaction on surface if the speed is
too high. The adsorption capacity increases by
increasing contact time until reached the optimum
adsorption or achieves equilibrium. The Kinetic
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model tends to occur the chemical sorption and
internal diffusion on inter particle area. The flushing
with batch approach has limitation to remove the
metal ion. Flushing without foam also tends to create
channeling effect.
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Abstract A steel plant requires upgrading the piping installation at the waste water treatment systems. Waste
water pretreatment system use piping systems and basically an industrial want that the production process goes
running with a good system and in accordance with the planned standards. In this research, stress analysis
carried out by manual calculations and using CAESAR |1 software. The pressure in the pipe or piping system
generated as a result of loads such as, sustained loads and loads due to expansion. From the simulation can be
seen that the safe limit pipe materials used in piping systems wastewater treatment of steel plant to the stress
resulting 31.2 MPa and the allowable stress 266.5 MPa. Theoretical calculations and by simulation software
obtained error on Bending Stress (S,) at 2.02%, and Displacement stress (Sg) at 2.02%. By providing variations
input temperature of pressure 89.6 kPa, temperatures are not allowed greater than 246 °C, and at temperature 46
°C pressure variations are not permitted huge pressure of 15089.6 kPa past the allowable stress that the pipe will

be through fatigue failure (exhaustion).

Keywords: piping; CAESAR II; Bending Stress; Displacement stress; Node; Stress.

1. Introduction

A steel industry requires upgrading the piping
installation at the wastewater pretreatment systems.
Pretreatment system is necessary to reduce the
content of dissolved metals from wastewater before
discharge to the environment. Due to wastewater
discharged from the steel plant contain substances
that may be harmful to human health and pollute the
environment.

Wastewater pretreatment system use piping
systems and basically an industrial want that the
production process goes running with a good system
and in accordance with the planned standards, in
other words an industry want a process that occurs
must be effective and efficient.

To design piping system properly, the engineer
must understand the system behavior due to load and
regulations (standard code of design) to adjust the
design of piping systems. This piping system
behavior is described by physical parameters, such as
displacement, velocity, stress, force, moment and the
other magnitude. Engineering work to obtain the
behavior of piping system is known as piping stress
analysis or formerly called flexibility analysis.

The design of the piping system is a major part
of the design and engineering fluid flow. Stress
analysis is an important component of the piping
design through parameters such as pipe safety,
components safety and deflection.

The use of CAESAR Il by comparing the values
of manual calculations, that the results of the
software is identical to the manual calculation. In
some case deviate from the expected value of the
software. However, the disorder was only 3.6%. In
an industry regulation, omission of 10% allowed.

Therefore, it can be concluded that the software gives
the expected results and error-free.

In this study discusses the calculation of stress
analysis piping system which refers to code or
international standards are ASME B31.3 Process
Piping. In this study conducted a case study with the
help of CAESAR Il ver.8.00 software and do the
calculations manually.

2. Material and Method
Material

Pipe is a medium where the fluid flow from one
place to another. In the piping system are some of the
terms of the piping system such as piping and
pipeline. Piping is a pipe system on a plant as a
facility for delivering fluid (liquid or gas) between
one component to another to get through certain
processes. This piping will not be out of the area of a
plant. While the pipeline is a pipe system to deliver
fluid from one plant to another plant that normally
pass through some areas.

Techniques to design the piping system are
based on stiff piping system and flexible piping
system. A flexible system is easier and can be done
manually design calculations (simple calculation
method) using the principle of increasingly flexible
structure then the lower stress will happen. The
flexibility of piping system can be made in several
ways, such as by adding expansion loop that gives
freedom of movement to the pipe. This method is
only economical for pipes lower in price, due to the
addition of the loop means that the addition of the
pipe material and especially the elbow that price is
relatively expensive.
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Flexible piping systems do not need the support
too much and usually kind of the support is simple
and inexpensive. If the pipe material used is
expensive and does not have enough space to create a
loop, then the stiffness approach be an alternative.

a. Pipe Stress Theory
e Longitudinal Stress

Longitudinal stress is stress which direction
parallel to the pipe axis or stress in the direction of
the length of pipe. Longitudinal stress due to external
loads such as dead weight, pressure and thermal
expansion (displacement).

Where:

P = Pipe pressure (Kg/mm?)

A; = Pipe cross-sectional area (mm?)

A, = Average cross-section area of piping (mm?)
S. = Longitudinal stress due to axial force (KPa)

e Tangential Stress (Hoop Stress)

This stress due to the fluid that is in piping, this
fluid will put pressure to the direction of the length
of the pipe and the pipe surface in all directions.

P.di
SH: -
2t

Where:
Sy = Tangential stress (Hoop stress)

b. Construction Materials

Most failures occurred in the piping system
connecting pipe, flange, valves, fittings, etc.
Therefore, it is important to choose the connection
piping and materials that suit the environment
expected. The choice of material is a material
suitable properties optimization process itself and
considerations including the cost and availability

Selection of pipe material chosen with the
following considerations:

e Isitallowed or not by code or standard.

e Is the fluid chemical elements according to
the pipe material will be used.

e Is the pressure and temperature values meet
a variety of environmental conditions such
as external corrosion.

e Is it compatible with environmental
conditions such as external corrosion.

c. Coating on Piping System

Coating on piping system is an effective means
to protect the metal pipe and defend it from internal
and external corrosion. The coating on piping

systems are used where corrosive fluid. Pressure and
temperature need metal strength on the pipe.
Therefore, the determination of the maximum
pressure is based on the same procedures and
requirements as the pipe wall.

d. Piping System Design

Isometric drawings recommended as an initial
test of the flow rate disorders and to assist in pipe
stress analysis where necessary the pipe support
details. Pipe support can be designed with
components such as determining the load, the type of
support, direction and degree of restraint.

7

¢ Pipe Size Design

Fluid flow design determines the minimum pipe
diameter required to efficiently transfer fluid.
Pressure design determines the minimum pipe wall
thickness needed to overcome internal and external
pressures are expected.

In designing the piping system must notice the
pressure drop due to losses due to: major losses and
minor losses, where major losses due to surface
roughness of pipe while the minor losses caused by
additional components, like flange, valves, nozzles,
etc. The losses equation written below:

h L=‘h LMayor losses +h LMinor losses

_[rz Ve
hL_[E—i_ K] 2g

Where:

= Losses flow (m)

= Gravitational acceleration, 9.81 (m/s?)
= Fluid flow velocity (m/s)

= Friction factor

= Pipe length (m)

= Losses coefficient for pipe components

Arr<a s

Required wall thickness of straight pipe, pipe
code has set the wall thickness of the pipes allowed
the so-called minimum wall thickness () that
includes the ability to force material. The wall
thickness can be calculated with the following
equation:

FD,
=1+ = -
tn =G t 2(SE+P V)
Where:
tm = Minimum wall thickness (mm)
t = wall thickness design against pressure
(mm)
P = Internal pressure (kPa)
D, = Pipe outside diameter (mm)
S = Maximum allowable stress, refer to Table
A-1 ASME, Psi (Kpa)
E = Efficiency welding factor, refer to Table

A-1B ASME B31.3
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Y = Coefficient of the material properties and
design temperature, refer to Table 304.1.1 t
< Do/6 ASME B31.3 and t >Do/6 (ASME

B31.3 2008)
_ Dit+lc
T DptDitZc
c = Additional wall thickness due to corrosion

or erosion (mm)

e. Pipe Stress Analysis
¢+ Stress Due to Sustained Load

Sustained load is a primary stress that causes a
fatal failure. The sum of all longitudinal stress (S.)
due to pressure, weight and other sustain load should
not exceed Sy.

If Sy is greater than the Si, the restrictions are

used (ASME B31.3, 2008) are:

FoAJ (MR +(iM,)°  Pd
F VM) +(iMp)"  Pdg

= <
S 4 z 4r S
Where:
F = Axial force due to sustained load (Ib)
M; = In-plane bending moment due to sustained
load (in-1b)
M, = Out-plane bending moment due to

sustained load (in-1b)
i = In-plane stress intensification factor (SIF)

io = Out-plane stress intensification factor
(SIF)
Sh = Base stress that allowed by the material

according to ASME/ANSI B31.3

+«» Stress Due to Expansion Load

Expansion load is the stress that occurs due to
changes in temperature, if the temperature rise will
lead to expansion while if the temperature decreases
there will be shrinkage. In the expansion load, is
longitudinal stress due to the bending moment and
shear stresses due to torsional moments, from
maximum shear stress equation can be obtained
equation:

JUEM T+ (i M )+ 2(Mr )T

Se = 2 < Sa =1(1,25 S¢ +
1,25S;,-S)
Where:

Se = Dispacement stress range, MPa (psi)

Sa = Allowable displacement stress range, MPa
(psi)

M+ = Difference torsional moment due to
expansion load (in-Ib)

Se = Base stress that allowed by the material
according to ASME/ANSI B31.3 Code at
low temperature

f = reduction factor by considering material
fatigue

«+ Stress Due to Occasional Load

Stress due to occasional load on the pipe caused
by the displacement load at the support, anchor, such
as earthquakes and so on, which can be formulated as
follows:

SL + Socc S 1,33 Shy
Where:
Soce = Stress due to occasional load

f.  Flexibility Analysis

Flexibility analysis performed on piping system
to study the behavior when the environmental
temperature changes to its operating temperature, so
that the layout of piping system that sought the most
economical and safe.

e Characteristics of Flexibility

Characteristics of flexibility based on geometric
which the nominal wall thickness and the radius of
the pipe. In the case of pipe bends that distinguish the
straight pipe is the modulus of elasticity due to
differences in cross-sectional area shown in Figure 1
so that the flexibility factor as follows:

N PLANE BENDIG LONGITUDINAL|
N~ STRESS

i
:}"_L
r

—

R=Bend rodius
(b)
Fig. 1 (a) Differences in stress distribution
(b) Dimensions of the elbow

Thus, in the case of the elbow:

h=2

e
e Stress Intensification Factor (SIF)

Stress intensification factor (SIF) is defined as
the ratio of the maximum stress intensity calculated
using the formula of regular mechanical. It is used as
a safety factor to account for the effect of localized
pressure due to repetitive load on the pipe.

: _ 0.9
in —plane,i; = 7

_ 0.75

Out — plane,i, = peYe
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g. Pipe Support Spacing (Pipe Span)

Pipe support spacing is a function of the size of
the pipe, the conducting fluid by piping systems,
fluid temperature and the temperature of the
surrounding area. Typically, the allowable deflection
was 2.5 mm (0.1 in), as long as the maximum pipe
stress is limited to 10.3 MPa (1500 psi) or allowable
stress design. A method for calculating the distance
of the support is as follows:

I :n(mﬁg)

Where:

1/2

= Pipe span/Pipe support spacing, m (ft)

N = Unit conversion factor, 10° m/mm (1
ft/12 in)

w = The total weight of pipe (N/m)

M = Beam coefficient

A = Beam coefficient = 5/48 for one support
W = Wp + WL

=Wp + f Di. p
Where:

W, = Pipe weight provided by the manufacturer
(N/m)

W, = Weight of the fluid in the pipe (N/m)

h. Expansion Thermal

Excessive stress due to the thermal load on the
fluid contained by piping systems, allowable stress is
reduced due to the high fluid temperature, and
occurrence of bending moments that caused length of
pipe increase.

A=alo(AT)
Where:
A = Pipe expansion thermal, mm (in)
o = Coefficient expansion thermal, 1.11 x 10®°
mm/mm°C
Lo = Pipe length, mm (in)
AT = Temperature difference

i. Force and Moment on Support

When a pipe loaded with a force or moment,
internal stress occurs on the trunk. Generally, there
was a normal stress and shear stress. To determine
the magnitude of the resultant on a support, we can
use the equations of equilibrium.

L ————=

FF_" S| F
%

F M L
A r_LA 471 a
R=F R=F 3
: o i

Fig. 2 Regular Cantilever Beam and Guide
Cantilever Beam

o

_ FI® Fe 1251i M= FL 6EI
BEET- . e T S
Methodology

a. Modeling Process of Piping System

Study of Literature

Image Preparation
Material Selection

Selection of Pipe
Dimensions Based
on Pressure Drop

!

Selection of Pipe Wall Thickness
Based on Fluid Flow Rate

Pipe Stress Analysis

END

Fig. 3 Flowchart of piping system

Explanations which type of fluid that will be
passed pipes contain: Aluminum, Bronze, Copper,
Carbon steel and Stainless Steel. In overcoming these
contents are corrosive coating is done by using
PVDF (Poly Vinylidene Fluoride) and used as the
outer wall (ASTM A 106 grade (class) A carbon
steel.

Table-1 Pipe Specification

No Pipe Specification

1 | Pipe length A-J 11,11 m

2 | Pipe length C-J 10,81 m

3 | Pipe material ASTM A 106 Grade A
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Table-2 Fluid Flow Specification

Table-3 The results of theoretical calculations

Pipes used of manual calculations are pipes of
80 mm and 40, while the pressure drop in the piping
system of 89.6 kPa. Pressure design is equal to the
total pump head is equal to 89.6 kPa, where the
pressure conditions when the outside of the pipe.
Material corrosion allowed 2mm. According to the
calculations in accordance with a code and standard
pipe sizes 80 with a wall thickness is 5 mm and 40
with a wall thickness is 5 mm.

b. Determine Weight of The Pipe and Stress
Analysis

ST:—\RT )

Load Analysis Due to
Weight + Pressure |
S <S8y /\‘_ﬂ‘ Add Support | ——»

Thermal Load

And Expansion
Joint

_;\nalj;tsis athll}; i i’iﬁlﬁg?guip}a&j |
upport and The N Geometry or Add ——»
End of The Pipe | Expansion Joint

Sz < Sa _\_, Add Spring, Loop. [ B

Fig. 4 Flowchart of determine the weight of the
pipe
Based on the information described previously
results of calculations per pipe segments tabulated

No Fluid Specification Segment | Mi(N.m) S,(MPa) | M, (N.m)| S (MPa] Sg(MPa)
: B-E 40,07 1.48 0 0 1.48
1 FIUIq type . Waste water E-H T06.69 0,13 42 2.8% 5.78
2 Maximum fluid 46°C H-1 42 15.61 0 0 15,61
temperature 1J 818,76 3043 7427 1,38 30,55
3 Minimum fluid 16 °C
temperature c. Simulation Analysis CAESAR II
4 | Normal fluid temperature 23,9°C
5 | Massa Jenis Fluida 0’0009?
kg/cm
6 | Correction factor 1,0005916 Input piping system
7 | Fluid flow rate (Q) 5,36 x 102 m/s s peda

I

Input pipe support

i

Load ratio

Fig. 5 Flowchart of CAESAR |1 simulation

Modelling of simulation on CAESAR Il in
figure 8 Where caesar Il pipe modeling based on
node

l @90
Z X

Fig. 6 Modelling shown from the results of data
input in CAESAR 11
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Step on programming CAESAR 11 is the issuing
calculation result, the results of the calculations are

Table-4 Check proses in CAESAR 11

No| Load Case Stress Output
Category
1 W+P1 SUS Disp/Force/Stress
2| W+T1+P1 OPE Disp/Force/Stress
3] L3=L2-L1 EXP Disp/Force/Stress

3. Analysis Report

Results of calculations CAESAR Il are shown in
the table, that were the values of the stress or any
other value obtained from analysis. Discussion on
stress analysis at 46 °C temperature and pressure
conditions at 86.9 kPa.

Some loads that occurs in the simulation
CAESAR Il as follows

a. Expansion Load

The simulation results on CAESAR Il seen that
the highest result at the node 210 with results in
accordance with code requirements where

Se< Sa
31.2 MPa < 270.1MPa

-. '. w B31.3
CODE STRESS ~CHECK PASSED

S =270.1 MPa
N ”

= B31.3 -2014;,

c : LOADCASE 3 (EXP)
Highest S:rssa )
Ratio (%): . 11.5 ENode

Code Stress : 8 _Allowable

L3=L1-12

Stress : 270,

Axial Stress : 1.3 ENode 130
Bending Stress : 31.1 @Node 210
Torsion Stress : 1.0 ENode 200
Hoop Stress : 0.0 ENode 20

Max Stress Intensity: 48.5 @Node 210

Fig. 7 Expansion load stress simulation on
CAESAR 11

b. Sustained Load

The results of the simulation CAESAR Il seen
the highest result at node 320 and in accordance with
the requirements of the code which

Se< Sa

31.2 MPa < 270.1MPa

Sw = 110 Mpa
B31.3 = B31.3 -2014%; s 37,
: LOADCASE 2

Highest Stress~gs: (MPa )

Ratic (%) o 8-3 @Node — 320
< Cods Stress : ) 5.2 « Allowabls Stress : 110.
A¥ial srzess 0.7 “@Nods —T158
Bending Stress : 8.5 ENode 320
Torsion Stress : 0.5 ENode 300
Hoop Stress : 1.3 @Node 20
Max Stress Intensity: 9.2 @Node 320

Fig. 8 Sustained load stress simulation on
CAESAR 11

Validation of Theoretical Calculations with The
Calculations On The CAESAR 11

e Stress Intensification Factor (SIF)
Calculation results of node SIF as follows:

Table-4 Calculation of the characteristics of
flexibility, Stress intensification factor (SIF)

Teoritis CAESAR
h [ SIF(la- | SIF(Dut-| SIF(ln-| SIF(0ut-
plane) | plane) | plane) | plane)

R T T

Node | o) | ) | )

50 1 80 | 40 5 1025 2272 | 1893 | 2272 | 13893
120 | 80 | 40 So0025 | 2272 | 1,893 | 2272 | 1,803
190 | 80 | 40 5 1025 2272 | 1893 | 2272 | 13893
200 80 | 40 5 1025 2272 | 1893 | 2272 | 13893

e Stress On Expansion Load Conditions

The results of static analysis maximum stress
that occurs when 46°C the operating temperature and
pressure of 89.6 kPa that occurs on nodes 210
(expansion stress SE = 31.2MPa, SA = 270.1 MPa)
according to ASME B31.3:

Table-5 The error percentage between the
theoretical with CAESAR 11

Teoritis CAESAR I Galat (%)
Segment
Sb (MPa)| St (MPa] Sb (MPa)| Sg (MPa) Sb Se
B-E (Node 48) 1,48 1,48 1,34 1,48 9.4 0
E-H (Node 190)| 22,1 223 21,54 22,82 2.5 2,27
H-1 (Node 198)| 15,61 15,61 14,69 15,97 5.8 2,25
1-] (Node 210)| 30,43 30,55 31,06 3118 2,02 2,02

Load Analysis On the Pipe

A
+

Fig. 9 Expansion load simulation result on
CAESAR 11

From Figure 9 shows that at temperature of 46
°C with a pressure of 89.6 kPa. Pipes at node 210
experienced a bending stress and code stress where
the value of bending stress 31.06 MPa and 31.18
MPa code stress.
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C .

Fig. 10 Sustained load simulation result on
CAESAR 11

Shown in figure 13 that at temperatures of 46 °
C with a pressure of 89.6 kPa. Pipes at node 320 on
CAESAR I1 suffered bending stress of 8.53 MPa and
stress code 9.19 MPa. Therefore, we need to be
considered on a node pipe 320 caused the highest
stress due to the sustained load, etc. This is due to the
node 320 there is a valve.

Some of the data in stress conditions that occurs
inversely with temperature, if the stress that occur in
normal operation and maximum conditions is done
by varying one variable ie, pressure and temperature:

a. Chart between sustained load and expansion
load in which the temperature varies and the
pressure remains with the operating pressure

89.6 kPa

350 10
300 #2993 : 7777777777777 o
Pz ] | N R N R R N

_250 » =7
Foo L g o [T
- Pl E g L
7150 o Ll

g ' E

%100 Pl 3 3
0 OO

0 0

0 100 200 300 0 100 200 300
Temperatur (°C)

Temperatur (°C)
—8—Sexp ——Allowable Stres(Mpa)

——Ssus (Mpa)

Fig. 11 Temperature-Stress at various
temperature and operating pressure 89.6 kPa

£299.28 (Node=210)

Fig. 12 Expansion load simulation result on
CAESAR I at temperature 246 °C

Seen in the picture 11 and 12 that by varying the
temperature, and pressure constant, the highest value
that passes allowable stress at temperatures of 246°C
at node 210, then to the operating at a temperature of
246°C is not allowed because it would be damage to
the pipe or the pipe will hit the tank.

b. The chart among sustained load and
expansion load which varies of the pressure
and temperature constant with the operating

temperature 46°C.
31,55 120
315 s 100 110 10,5
‘__31,45 20
a 314 -
331,35 ;60
£ 313 40

&
31,25 20
31,2
31,15

0 5000 10000 15000 20000
Pressure (KPa)

o plODOO (KPa) 20000
+SsusVsPresstesswes ®

—i—Sexp Allowable Stress

Fig. 13 Temperature- Expansion stress at various
pressure and operating temperature 46°C

7%\\
1 10Y:’>Og=320)

Fig. 14 Caesar Il simulation results on sustained
load

.

From Figure 14 shows that the piping system by
varying the pressure and temperature constant for
expansion load did not meet significant stress while
on a sustained load at node 320 passes the allowed
stress where the value of 110.50 MPa. It is evident
that sustained load due to the weight valve close to
node 320, there is a swing check valve. Where the
load on the support at node 320 passes the allowed
stress.

4. Conclucions

The location of the the maximum stress that
occur along the pipe with the following details:

a. Bending Stress (Sp): 31.1 Mpa, at Node 210

b. Displacement Stress (Sg): 31.2 Mpa, at
Node 210

c. Longitudinal stress (S.): 9.1 Mpa, at Node
320

2. From the simulation can be seen that the safe
limit the pipe materials used in piping systems
wastewater treatment at steel plant to the stress
that arises of 31.2 MPa with a limit of allowable
stress: 270.1 MPa.

3. From the results of theoretical calculations and

by simulation software error obtained on
Bending Stress (Sb) at 2:02%, and Displacement
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stress (SE) at 2:02% which occurs in the node
210.

4. The level of accuracy when using the CAESAR
Il software is very high seen from the results of
calculations performed by CAESAR I software
by the percentage ratio of pipe stress that occurs
between the theoretical results with the results
using CAESAR I software 11.5%.

5. To design the piping system operating
temperature and pressure should not exceed
246°C (15089.6 kPa) caused by passing
allowable stress so the pipe will suffer fatigue
failure.
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Abstract The Buoyancy Weighing-Bar Method is a new simple and cost-effective method to determine the
particle size distribution. The principal of this method that the density change in a suspension due to particle
migration is measured by weighing buoyancy against a weighing—bar hung in the suspension, and the particle
size distribution is calculated using the length of the bar and the time—course change in the mass of the bar. This
apparatus consists of an analytical balance with a hook for underfloor weighing, and a weighing—bar, which is
used to detect the density change in suspension. We have reported that the buoyancy weighing-bar method can
measure particle size distributions of the settling particles and floating particles. In this study, we experimentally
investigate the influences of diameter of weighing bar and liquids on settling particle size distribution
measurements of wheat flour by using the Buoyancy Weighing-Bar Method. The diameters of weighing bar in
this experiment are 8 mm, 10 mm, 15 mm and 20 mm, while the graduated cylinder (diameter : 65 mm) is used
as vessel. The dispersion liquids used are kerosene, ethanol, methanol and water. The results obtained show that
the variations of the size diameters of weighing bar (10 mm, 15 mm and 20 mm) give the similar results on
determination the particle size distribution of wheat flour by using kerosene, ethanol and methanol as dispersion

liquids, and the results obtained are comparable to those measured by settling balance.

Keywords: Buoyancy; wheat flour; particle size distribution; weighing-bar.

1. Introduction

Various approaches have been used to
measure particle size distribution (PSD) such as
Andreasen pipette method (Society of Eng. Jpn,
1988), sedimentation balance method (Fukui et al.,
2000), centrifugal sedimentation method (Arakawa et
al., 1984), etc. Besides, PSD can be analyzed using a
different principle through microscopy (Kuriyama, et
al.,, 2000), laser diffraction/scattering method
(Minoshima, et al., 2005), and Coulter counter
method (Ohira, et al., 2004).

We have reported the influence of ethanol
and methanol concentration as liquids to measure
PSD of wheat flour by using Buoyancy Weighing-
Bar Method (BWM) (Tambun et al., 2015). Now, we
experimentally investigate the influence of the
weighing bar size and dispersion liquids on settling
PSD measurements of wheat flour by using the
BWM. We have reported that the BWM can measure
particle size distributions of the settling particles. In
this method, density change in a suspension due to
particle migration is measured by weighing
buoyancy against the weighing-bar hung in a
suspension.

Then the particle size distribution is
calculated using the length of the weighing-bar and
the time-course change in the apparent mass of the
weighing-bar (Motoi et al., 2010, Obata et al., 2009,

Ohira et al., 2010, Tambun et al., 2011, Tambun et
al., 2012a, 2012b, Tambun et al., 2016).

In this experiment, the initial buoyant mass
of the weighing-bar W, depends on the particles
between the top and bottom of the weighing-bar in a
suspension. The initial density of suspension psgo,
initial buoyant mass of the weighing-bar W,, and
initial apparent mass of the weighing-bar G, in a
suspension at t = 0 are given by the following
equations.

C

0
=p +2(p,—p, ), 1
L ; (pp pL) ey
P
Wo =VBPso: @
Gy =Veprg ~Wy =V (LB — Ps0) ©))

where p_ and pp are the liquid density and the particle
density, respectively. Cq is the initial solid mass
concentration of suspension, pg is the density of the
weighing-bar in suspension, and Vg is the volume of
the weighing-bar.

The solid mass concentration of suspension
C(t) decreases with time because large particles
settle. The density of suspension ps, buoyant mass of
the weighing-bar W, and apparent mass of the
weighing-bar G in a suspension at time t are
expressed as
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C(t
ps(t) = pL +£(/’P—PL), 4)
Pp
W (t) =Vgps(t), ®)
G(t) =Vgog —W(t) =Vg (o — o5(1)) (6)

The solid mass concentration of suspension
C(t) becomes zero once all the small particles also
settle. The final density of suspension ps., final
buoyant mass of the weighing-bar W,, and final
apparent mass of the weighing-bar G, in a
suspension at t = oo are given by the following
equations.

Psw = PL (7
Woo = VBpl_ ' (8)
G, =Vepg —W,, =Vg(pg —pL) ©)]

Equation (10) shows the mass balance of settling
particles in a suspension (Allen., 1990).

Co —C(t) = Co_[ " f (x)dx +c0f:‘ Voot

(10) |

f (x)dx

min

The left side in Eqg. (10) is the quantity of
particles that move onto the bottom side of the
weighing-bar. The first term on the right side
represents the mass of particles larger than particle
size x; among the particles that move, while the
second term on the right side is the mass of particles
smaller than particle size x; among the particles that
move. From Egs. (2), (5), (8), and (10),

W W (1) = Wo ~W,.)[ ™ £ (e +

v(

o w1 % £ o )

where v(x) is the settling velocity of the particle and
f(x) is the mass frequency of the particle size x.

Differentiating Eq. (11) with respect to the time t

. dw % V(X)
gives  —= == (W ~W,) me = oo (1)
From Egs. (11) and (12),
W =W, +(d—wjt (13)
R lat )

The apparent mass of the weighing-bar,
which is given by Eqg. (6), gradually increases from
Gy to G,.. The volume and density of the weighing-
bar are constant values. Differentiating Eq. (6) with
respect to time t gives

4G __aw

dt dt

Therefore, according to Egs. (6), (13), and (14),

G =V, Wi + dG t =Gg + th (15)
BB R at R ot

where Gr = Vgps—Whrk. The value of Gris calculated
from the tangent line based on Eq. (15). The
cumulative mass oversize is

Xmax G _G
R =100 j fdx =—2— R 100 (16)
x Gg —Goo
~100-D,

where D is the cumulative mass undersize.

Particle size x is given by Stokes formula

- / 1844 v(x) , (17)
ag(oL — pp)

The settling velocity of the particles v(x) is

calculated using Eq. (18)

v(x) = % , (18)

where h is the length of the weighing- bar and t is the
time lapse.

From Egs. (17) and (18), time t is an inverse function
of particle size x. The particle size distribution of the
suspended particles is calculated using the particle
size at each time and then plotting the corresponding
cumulative mass undersize D.

2. Material and Methods

Figure 1 schematically illustrates this
experiment. The weighing-tools was weighing—bar
(diameter: 8-20 mm, length: 210.0 mm, submerged
length: 200.0 mm) which was composed of
aluminum (density: 2700 kg/m®). The particle
suspension was placed in a 1000 ml measuring glass
cylinder (diameter: 65.0 mm). The analytical balance
(minimum readout mass 0.1 mg) had a below—
balance-weighing hook for hanging measurement.

The sample material was wheat flour
(density: 1250 kg/m®). Kerosene, ethanol (p.a),
methanol (p.a) and water were used as a dispersion
liquid. The suspensions had a solid concentration of
10 kg/m® (ca. 1 wt.%) (Ohira et al., 2010). To
prepare a suspension, a 1000 ml liquid and the
particles to be tested were mixed in a glass cylinder.
Using a hanging wire, which did not extend due to
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the weight of the weighing-bar, the weighing-bar was
hung from the analytical balance. The room
temperature was approximately 298 K. After
thoroughly stirring the suspension using an agitator,
the weighing-bar was set with the balance. The
measuring data, which consist of time t and the
corresponding mass of the bar Gg, were recorded.
The measuring time was two hours and the data were
collected every 60-second intervals. After the
measurement, the particle size distribution was
calculated based on the aforementioned theory. As
comparison method, the particle size distributions
were also measured by using the settling balance
method.

1

1. Analytical balance 4. Measuring glass cylinder
2. Hanging wire 5. Thermal insulation vessel
3. Weighing-bar

Figure 1 Schematic diagram of the experimental
apparatus

3. Results and Conclusions

Figure 2 shows the change with time in the
apparent mass of weighing-bar GB when wheat flour
was used. The figure 2 was the representation of the
experiments using several diameters of weighing-bar
size (8-20 cm) and variation of dispersion liquids
(kerosene, ethanol, methanol, water). The liquid used in
this figure 2 was kerosene and diameter of weighing-bar
was 15 cm. The figure shows that the apparent mass of
the weighing-bar increased until all the wheat flour
particles settled below the lower end of the weighing-
bar, and then the apparent mass of the weighing-bar
became constant. The change in the apparent mass was
due to the change in the buoyant mass against the
weighing-bar as well as particle settling.

0,07448
0,07445
0,07444
0,07442

0,0744
0,07438

Apparent mass (ka)

0,07436

0 10 20 30 40 50
Time ({minutes)

Figure 2 Apparent mass of the weighing-bar as a

function of time using kerosene
Figure 3 shows the particle size distributions
determination of wheat flour by BWM using ethanol
and methanol, kerosene and water. In this experiment,
the rod diameter used was 10 mm and the samples were
sieved by using sieve tray 140 mesh. The results show
that the ethanol gave the closer result to that measured
by settling balance than methanol and kerosene. Water
is not suitable as dispersion liquid to measure the PSD
of wheat flour by using BWM. Hence, the ethanol is
more suitable as liquid in determination of wheat flour’s
PSD by using BWM.

100

50 Ly ...
e B0
5
% 70
g 60
a 350
% 40 e Setling Balancs Mathod
En| 24 J BWM wsing Ethanol
| 20 EWM using Methanol
o wl B e BWM using Kearosens

0 f e B 115img Water

Q 25 30 73 100 123 150 173
Particle Size (ym)

Figure 3 Particle size distributions measurement
of wheat flour using ethanol, methanol, kerosene
and water

Figure 4 shows the influence of the weighing
bar size on settling particle size distribution
measurements of wheat flour by using BWM. In this
experiment, the liquid used was ethanol and the samples
were sieved by using sieve tray 70 mesh. The results
show that the PSD measured using the rod diameter 10
mm, 15 mm and 20 mm were similar to that measured
PSD by using settling balance method. Hence, the rod
diameter 8 mm is not suitable to determine wheat
flour’s PSD by using BWM in ethanol.

100 .
X
£ &m0
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w40
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F 4
(1] 5
0 100 200 300
Particle Size ()

August, 30"-31%, 2016 | 101



Proceeding of The 31 Engineering Science And Technology

International Conference (ESTIC) 2016, Padang Indonesia

ISSN 2548 — 8902 Vol. 3
Published Januari 2017

Figure 4 Influence of the weighing bar size using

4.

ethanol on settling PSD measurements of wheat

flour

Conclusions
The study investigates the influence of the

weighing bar size and dispersion liquids on settling
PSD measurements of wheat flour by using the
BWM. The results led to the following conclusions:

1.

5.

The PSD of wheat flour could be measured by
BWM using ethanol, methanol and kerosene as
liquid, and the PSD obtained were comparable to
those measured by settling balance.

Water is not suitable as dispersion liquid to measure
the PSD of wheat flour by using BWM.

The PSD of wheat flour in ethanol by using BWM
with the rod diameter 10 mm, 15 mm and 20 mm
gave the similar results to that measured PSD by
using settling balance method.
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Abstract One of the most important activities in a company or organization is a matter of human resources.
The process of recruitment is a strategic step to identify the right candidates. The same thing also expressed by a
researcher that the process of recruitment of new employees took part in taking the organization's policy.
LancangKuning University is one of the educational institutions that make the process of recruitment and
faculty independently or not to use the outsourching company's services. LancangKuning University use the
services of advertising in print media such as newspapers so that the process is quite long and not infrequently
the administrative staff are faced with circumstances that the number of vacancies are limited but get a potential
employees and lecturer candidate who are interested and meet the administrative requirements volume tripled.
The next problem is the acceptance of the application file that still use manual methods which cause major
problems in the storage of files. LancangKuning University do not have good database management in the
process of recruitment of employees and lecturers so the overlap in data management happen. So we need some
applications that can answer all the problem started on the process of submission of application, the election
positioning, scheduling tests, the announcement of the interview, and selection results. As for the problems
faced by LancangKuning University Admission especially in the division are: The amount of costs to be
incurred by the company each time they hire employees and lecturers, The backlog of applicants so that the data
get the filing cabinet cupboard full, theres no good mechanism in the recruitment process of employee and
lecturers. The method used by the writer is descriptive and comparative research methods. As for the systems
approach is to use object-oriented approach and developing a system using a prototype model paradigm. System
approach in use is the Object Oriented approach that uses AOO (Object Oriented Analysis) and DOO are in
visualized with UML and among them are as follows: Use Case Diagram,Sequence Diagram, ClassDiagram,
CollaborationDiagram, Component Diagram dan Deployment Diagram.

Keywords : Recruitment; Lecturer Based Web; e-Recruitment; UML; Waterfall.

1. Introduction

One of the most important activities in a
company or organization is a matter of human
resources. Because, the main focus of human
resource management is to contribute to the success
or failure of a company. Human resources
management itself not only organize employees in
the company, but starting from the selection of a
prospective employee, an employee performance
appraisal, selection and placement of employees as
well as filling managerial positions correspond to the
fit and proper.

The process of recruitment is a strategic step
to identify the right candidates. The same thing also
expressed by a researcher that the process of
recruitment of new employees took part in taking the
organization's policy. The main purpose of the
recruitment process is to get the right people in the
right placement anyway so in accordance with the
conditions and needs of the organization or company
(Suhendra, 2006). A good company will always look
for individuals who have a good work ethic. Thus,
when it was owned by a company or organization
that he would be able to survive in the competitive
full competition and rapid change.

LancangKuning University is one of the
educational institutions that make the process of

recruitment and faculty independently or not to use
the outsourching company's services. In the process
of recruitment and lecturers, usually LancangKuning
University use the services of advertising in print
media such as newspapers so that the process is quite
long and not infrequently the administrative staff are
faced with circumstances that the number of
vacancies are limited but get a potential employees
and lecturer candidate who are interested and meet
the administrative requirements volume tripled. Such
conditions, if not addressed properly can be a
potential source of problems for the company in the
future, both internally and externally. In turn, if the
process of recruitment and lecturers are not
positioned correctly, then potential employees and
lecturers received did not meet the criteria to be
expected, and would be a burden in the future on an
ongoing basis.

The next problem is the acceptance of the
application file nowadays that still use manual
methods which cause major problems in the storage
of files. In recruitment and lecturer at the University
of LancangKuning is usually fixed schedule for each.
So that each call applicants often imperfect because
there are some files that have been entered
previously notbarranged and stored properly.
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2. Material and Method
2.1 Research methodology

The research methodology are steps and
procedures that will be performed in the collection of
data or information in order to solve the problems
and test the research hypothesis.
The method used in conducting research is the basis
for the drafting of the study and the elaboration of
the scientific method in general.

2.1.1 Research Design

The method used by the writer is descriptive
and comparative research methods. Descriptive
research is the study of phenomena or population
obtained by the researchers of the subject in the form
of individual, organizational, industry or any other
perspective. Descriptive study was conducted to
answer the question of: what, who, when, where, and
how that relates to the characteristics of the
population or the phenomenon. Research is also done
using the comparative method by comparing the
existing theories with practices encountered and
draw conclusions.

To facilitate the conduct of research related
easier to the problem studied, the authors conducted
a case study approach. By using this approach, the
data collected can be adjusted to the actual situation
and compared with theories that support. Thus, it can
provide a fairly clear picture and can draw
conclusions from the object under study.

2.1.2 Types and methods of data collection

Types and data collection methods used by
the author to obtain data as study materials in the
writing of research with the aim of making a
planning application E-Recruitment in
LancangKuning University. In this case the author
uses the method of data collection in the form of
primary data sources (observation, interview and
observation systems) and secondary data sources
(documentation).

2.2 Method and System Development Approach

In the construction of an application some
approach and the development of systems that will
determine the completion of the software engineering
process is needed, as for the systems approach is to
use object-oriented approach and developing a
system using a prototype model paradigm.

2.2.1 System Approach Method

System approach in use is the approach with
Object Oriented using AOO (Analysis Object
Oriented) and DOO that visualized with UML and
among them are as follows: Use Case Diagram,
Sequence Diagram, Class Diagram, Collaboration

Diagram, Component Diagram and deployment
Diagram.

2.2.2 System Development Method

System development method inthis research
are developt using a prototype approach. Prototyping
is one software development methods that widely
used. Prototype built to define the requirements.

Prototyping is one software development
methods are widely used. With prototyping methods,
developers and customers can interact with each
other during the manufacturing process of the
system.

It often happens a customer only defines in
general what he wanted without mention in detail the
output of what is needed, data processing and what is
needed. On the contrary side of the developer less
attention to the efficiency of the algorithm, the ability
of the operating system and interfaces that connect
people and computers.

To overcome the incompatibility between
customers and developers, it takes a good
cooperation between the two so that developers will
know exactly what customers want without ignoring
the technical aspects and the customer will know the
processes in the system solve desired. Thus
generating system in accordance with the schedule
completion time has been determined.

The key to this prototype model works well
is to define a set of rules at the beginning, the
customer and the developer must agree that the
prototype was built to define the requirements.
Prototype will be eliminated in part or in full and
actual real-time software is engineered with the
quality and the implementation of which has been
determined.

Figure 1 : Prototype

Here are the steps in designing a system that | use in
the prototype system development mechanism, such
steps are:

1. Identifying the needs of users
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Analysis of the system affects to the user to
get an idea of what is users desired and want
from the system.

2. Building the prototype
Analysis systems may work together with
other information specialists, using one or
more hardware prototype to develop a
prototype. Build prototyping to create the
design while focusing on presenting the
customer (eg by making the input and
output format)

3. Evaluation Prototyping
This evaluation is done by the user,the
prototype that has been built is compared
with the wishes of the customer. If it is
appropriate then step 4 will be taken. If not,
prototyping revised by repeating steps 1, 2,
and 3.

4. Encoding
In this stage, prototyping agreed translated
into appropriate programming language.

5. Testing the system
Once the system has become a ready-made
software, should be tested before use. The
test is performed by Black Box

6. Evaluation System
Customers evaluate whether the system is
already so it was as expected. If yes, step 7
is done; if not, repeat steps 4 and 5

7. Using the system
The software has been tested and accepted
the customer is ready to use.

2.3 Analysis and Design Tools

In the analysis and design the authors
describe about the characteristics of the system by
using a model called Unified Modelling Language
(UML).

Unified Modeling Language (UML) is a
graphical modeling language to specify, visualize,
construct, and document the entire design of the
software system. The use of this model aims to
identify the parts that are included in the scope of the
system are discussed and how the relationship
between subsystems and systems with other systems
on the outside.

Besides UML is a modeling language that
uses the concept of object orientation. UML made by
Grady Booch, James Rumbaugh, and Ivar Jacobson
under the banner of Rational Software Corp. UML
provides a notation notasi- help model the system
from a variety of perspectives. UML is not only used
in the modeling software, but almost in all fields that
require modeling.

3. Results and Conclusions
3.1 System Configuration

In creating a program for writing the report,
the authors use a computer with the following
specifications:

1. Hardware Spesification
a. Processor: Pentium Dual Core 2.8 GHZ
b. Monitor: Sync Master E1920, 16 ™
¢. RAM: 2048 MB
d. Hard disk: 250 GB
e. Mouse: Optic
f. Keyboard: classic
g. Printer: Laserjet, Deskjet

2. Software Spesification
a. Linux
b. Open Office.org Writer
c. Open Office.org Calc

3.2 Access Right

To operate and manage these systems can
only be done by the department of HR Training &
Personnel, as the department hiring process.

3.3 Proposed Procedures Systematics
A. applicant

1. Applicants registering

2. Applicants login system

3. View the main page

4. Applicants saw job vacancies available

5. Applicants choose jobs available

6. Applicants complete the job application
requirements

7. Applicants  seeing  information  from
companies

B. Admin

1.  Admin login system

2. The system displays the menu admin

3. Admin perform data checking applicants

4.  Admin dopersetujan if the requirements of a
complete job application

5.  Admin providing information to applicants

next stage

Leader

1. Leaders login system

2. The system displays the menu leader

3. Chairman checking requirements and test
applicants

4. Leaders see graph interest of applicants to
available employment

5. Leaders see the personal data of applicants

3.4 Procedures for Proposed System

To analyze the proposed system, this study
used Software Visual Paradigm for UML 6.4
Enterprise Edition to describe the Use Case Diagram,
Activity Diagram, Sequence Diagram and Class
Diagram.

3.4.1 Proposed Draft System in Use Case Diagram
Applicants
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Figure 2: Use Case Diagram For Applicant
Based on Figure 2 above, the design Use Case
Diagram for applicants:

1. A system that design from the proposed
process on a system of applicants
Two actors, namely the applicant and admin
There are eleven use case that can be done,
which display the main menu, registers,
about us, our products, contact us, vacancy,
sign in, applicant data, requirements,
applicants information, and log out.

w

3.4.2Proposed Draft System in Use Case Diagram
Admin and Leaders

i
1

Figure 3. Use case diagram for Admin/ Leader

Based on Figure 3 above, the design Use Case
Diagram in the Admin / Head there:

1. A system is the design of the proposed
process on the system Admin / Leader.

2. Two actors, namely the admin and
leadership. admin can input the exam,
applicants view the report in the form of the
selection process of applicants, selecting
applicants, and view the data of applicants.
While the leadership, only able to see the
test results, and view the data of applicants.

3. There are ten use case, which display the
sign in, the main menu, applicant data, test,
exam, applicants report, information
lockers, vacancy, bio admin, and log out.

3.4.2 Proposed draft system in Sequence Diagram
Applicants

Wit | [Tweghon| (v | i ton] [Tovoge oo | -p‘ v | (S | [ | e (15700

.} ) 3§ _____} _J _J |

‘ [ -

¢
“Figure 4. Applicant Sequence Diagram

Based on Figure 4 above, the draft Sequence
Diagram on applicants are:
. There is one actor that applicants

2. There are eleven life line, the main menu,
about us, our products, contact us, jobs,
register, sign in, applicant data, information
of applicants, requirements, log out.

3. There are eleven massage, which enter the
main  menu, check the job vacancy,
applicants to register to be able to sign in,
sign in, sign failed to return to sign in, enter
applicant data, complete the application
requirements, call information check tests
and interviews , check employment call
information, exit from the menu, and return
to the main menu.

3.4.3 Proposed draft system in Sequence Diagram

il ol o il i

=

Figure 5. Admin Sequence Diagram

Based on Figure 5 above, the draft Sequence
Diagram in admin are:

1. There is one actor that is admin

2. There are ten life line, a sign in, the main
menu, applicant data, test, exam, applicants
report, vacancy info lockers, bio admin, and
log out.

3. There are sixteen massage, which do admin
sign in, sign failed to return to sign in, enter
the main menu, see the data of applicants
who register, selects applicants based on
data of applicants, provide call information
to the applicant tests and interviews,
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selecting applicants based on the results of
the test and interview applicants, provide
information of employment to applicants,
print data reports applicants who pass the
selection, can alter the exam, can add to the
info job listings, show info about jobs, it can
change the vacancy that has been posted, it
can change the wusername and admin
password, exit a menu, go back to the sign
in the display.

3.4.4 System Proposed Draft on State Machine
Diagrams Applicants

Ventias Tertang am 1 E = Melsudan Sen |
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Figure 6. Applicant State Machine Diagram

3.4.5 System Proposed Draft on State Machine
Diagrams Admin
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Figure 8. Class Diagram

3.4.9 Program Implementation

Making the application coding is an
advanced stage after the creation of the design. With
the making of the program it will behold the final
outcome of the application program. Here is the main
page of the application.

Form Pendattaran Pelamar

||||

i [ Vb Progmms +

Figure 8.Implementation

3.5 Testing Systems

Testing the system uses black-box method,
namely by providing a number of enter into the
application to determine the output produced,
whether it is in accordance with the function of the
application. Application testing procedure are shown
in Table 5.9.

Figure 7. Admin State Machine Diagram

Case Description | Testing Procedure | Expected Output Result
Number
UJ-01 Running the | Input the username | Appears Successful | As expected
application dan password on | login form and
and Login to | login form show a page menu
the system
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the Jobs icon list
vacancies

uJ- 02 See List of | Clicking h / tap the

Entering form Bios

A list of jobs appear | As expected
and the input file

UJ- 05 Viewing see
Files incoming list
Registration

next process

Applicants

And approval to the

The data appear to | As expected
enter a file

And can be
determined
participants can
qualify for the next
stage

UJ- 06 Print the | Prints
Registrant
Recap

anyone
whose entering file

Muncultampilancet | As expected
akberkas yang
memasukkanberkas

Based on the results of testing the system,
output and scheduling applications that are
designed has compliance with the expected, so it
can be concluded that the design of this course
scheduling applications successfully.

3.6 Conclution and Recommencation
3.6.1 Conclution
1. Lecturer Recruitment and Information
Systems Web-based at the University of
LancangKuning can process applicant data
in a database so that the data of applicants
has been completed with the required
Party LancangKuning University
2. The application has undergone a blackbox
testing method that summed up all
features of the application runs well

3.6.2 Recommendation
1. The need for field testing to measure the
efficiency and efficiency that occur after
or before using the system.
2. The weakness that occurs when the testing
would be a correction of researchers for
the development of future applications.
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Abstract A Small to Medium Enterprise (SME) were known as the strongest economical participation of local
community. However, the prominent weaknesses of business development are the awareness of creating
business values and runs the values within production activities. Computer Integrated Manufacturing Open
System Architecture (CIMOSA) offer an integrative business framework for the strategic, operational and
support function that can be both applied in manufacturing and service. This research deploy the framework of
CIMOSA into detail product and service development activities in order to have maturity system of procedures,
apparatus and performance measurement. Through the observation of three different SME Cluster in East Java
Province — Indonesia, it can be inferred that different characteristic of SME Cluster need a particular approach
of business value stepping stones. A complete strategy of has been described to achieve a certain level of
business maturity grade. With the unfailing implementation in the further 10 years, approximately 77% of the
observed SME will have the capability growth.

Keywords: small to medium enterprise, CIMOSA, maturity system, maturity grade.

In this reseach, the observed SMEs are Sentra
Industri Logam in Ngingas Sidoarjo, SMESs in

1. Introduction
Small to Medium Enterprises (SMESs) were

known as the strongest economical participation of
local community in Indonesia. SMEs are able to
survive in national economic crisis. SMEs also has
importance role in unemployment reduction and
GDP growth. In the last five years, the contribution
of SMEs in GDP is increasing from 57.84% to
60.34%, and its contribution in unemployment
reduction also increasing from 96.99% to 97.22%.

However, the capability and performance of
SMEs in Indonesia are still considered weak. The
contribution of SMEs in export is 15.8%, relatively
lower compared to other countries in Southeast Asia.
SMEs capabilities and performance can be optimized
by doing internal and external factor evaluation and
strategy formulation.

There are many different SME clusters that
have different criteria. Hence, conducting evaluation
needs standard criteria and score to generate
instrument that can be generally used in every
business  performers, especially SMEs. The
prominent  weaknesses of general business
development are the awareness of creating business
values and run the values within production
activities. Computer Integrated Manufacturing Open
System Architecture (CIMOSA) offer an integrative
business framework for the strategic, operational and
support function that can be both applied in
manufacturing and service. This research deploys the
framework of CIMOSA into detail criteria and
standard of business activities in order to have
maturity system of procedures, apparatus and
performance measurement.

Surabaya, and agricultural commaodities processing
SMEs in Ngancar Kediri.

2. Material and Methods

This section will be presented the
methodology of formulating strategies to increase
SMEs competencies. This formulation contains 6
steps. Considerations used in this formulation are
internal-external factors affecting both directly
indirectly and interconnection between strategies.
The interconnections between strategies are
important to accomplish integration goal.

SMEs

Independencies
Assessment

l
\/ L/

Internal factors
identification

SMEs competitiveness and
market strength identification

positioning using SWOT Matrix
and SWOT Map

1

Strategy
Formulation using
TOWS Matrix

1

Strategy prioritize
using QSPM

External factors
identification

Figur
el
Steps
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of Strategy Formulation Based on CIMOSA
Framework

2.1 SMEs Independencies Assessment

Before going further on formulating
strategies, first, an assessment is needed to get to
know the current condition of SME. An instrument
was designed based on CIMOSA’s frame work to
assess the SME independencies and maturity. This
instrument assesses scores of each CIMOSA’s
elements and the integration between elements.
CIMOSA itself is a business model that integrate
interrelationship between divisions to reach the
business goals. CIMOSA contains 3 elements and 11
sub elements. Likert scale is being used in this
instrument. Each criterion have its own weight but it
can be changed depend on the characteristic of the
SMEs.

Independent SME can by defined as the
capability of balancing all the CIMOSA’s criteria,
needing no fostering from government, and
competing in free market. The criteria of independent
SME will be shown by its global and each criterion
score. The independent is a SME that could pass
62.5% of global score and no criterion with score
under 2. This instrument is an Self-Assessment
Questionnaire (SAQ) so the scoring process is held
directly by the owner.

2.2 Internal — External Factors ldentification

In this step, internal and external factors of
SMEs will be identified. Internal factors could be
obtained from the assessment below meanwhile
external factor could be obtained by interviewing the
SME’s owner or those who had particular intention
of the SMEs. External factors could be also obtained
by observation (secondary data). All the numerical
data should be figured by Likert scale.

The internal factors are categorized in 3
elements, i.e.. manage process, core process, and
support process. Its weights are obtained using AHP
method by interviewing experts. After that, each
criterion will be grouped as strengths and
weaknesses.

David (2005) mentioned that external
factors are divided to 5 major categories, i.e.: (1)
economic power; (2) social, cultural, and
demographical power; (3) political, governmental,
and laws factor; (4) technological power; and (5)
competitive power. After identifying, each factor
should be weighted based on its importance level and
scored based on how the real implementation.

2.3Competitiveness and Market Positioning by
SWOT Matrix and SWOT Map

The goal is to know the competitiveness

(strong —weak) and market position (opportunistic —

threatening) of each SME. From the internal and

external factors below, an Internal Factor Evaluation

(EFE) and External Factor Evaluation (EFE) Matrix
could be constructed.

In EFE matrix, each weighted opportunity
and threat gotten from interview will be multiplied
with its score. Then, each multiplied score is
summed to get the total balanced score. After that,
EFE score will be gotten by lessen the opportunities
score with threats score. Positive result indicates that
the market growth is in good condition, but if the
result is negative indices that the market growth is in
bad condition.

Table 1 Weakness score conversion standard

New Weaknesses Score

A(;f;l;}ged Likert Scale for Criterion
1-4 0-4
0 - 4
1 4 3
2 3 2

The same goes for internal factor. But the
differences laid in how to group criterion as strength
and weakness. If the criterion score is below 2, it’s
grouped as weakness and converted into a new score.
Table 1 will show the conversion standard for
weakness score. For the strengths score, there is no
conversion needed. After total balanced scores for
strengths and weaknesses are obtained, IFE score
will be gotten by lessen the strengths score with
weaknesses score. Positive result indicates that the
competitiveness of SME is in good condition, but if
the result is negative indices that the competitiveness
is in bad condition

The next step, the EFE and IFE score of
each SME will be plotted in SWOT Map. SWOT
Map is divided into 4 quadrants. Each quadrant
represent different market growth condition and
competitiveness of SMEs observed. By plotting it
into SWOT Map, the suitable strategies will be
obtained.

2.4 Strategy Formulation Using TOWS Matrix

The strategy formulation in this research is
the same as the common method. All the internal and
external factors will be paired to get the matched
strategies.

2.5 Strategy Prioritize Using QSPM

This step has the same step as the common
method. All the strategies will be grouped and be
evaluated by its attractiveness score on each criterion
and factor.

3. Results and Conclusions

This research was conducted on three
different SME Cluster in East Java. Table 2 shows
list of the observed SMEs.
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Table 2 List of Observed SMEs

1 | UD Jayatama Teknik 9 | UD Lancar Jaya 17 | Kasiyati

2 | UD APB Mandiri 10 | UD NH 18 | Zahrotul Ummah
3 | UD Trilaksana Mandiri 11 | Murni Mandiri 19 | Pawon Kue

4 | UD Rukun Makmur 12 | Sari Alam 20 | LILIX

5 | UD KSPRO 13 | Lagita 21 | Kerupuk Ikan

6 | UD Karya Jaya 14 | Ibu Eni 22 | Penjahitan

7 | UD Borneo Putra 15 | Dieva Cake 23 | Sepatu

8 | UD Elang Jagad 16 | Puspa Guna

Independency Score

100,00%
80,00%

60,00% | —
40,00%

20,00% ‘ |

0,00%

1 35 7 911131517 192123

P sidoarjo Kediri Surabaya
Figure 2 Independency Scores of Observed SMEs

SWOT Map

4

2
(1} [

o0 .8 o0 o000 °
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-2 Strengths
-4

Figure 3 SWOT Map of Observed SMEs

From the observation, it can be obtained the skill, knowledge, and awareness to optimize

independencies score of all observed SMEs. Figure 2
shows independency score of SMEs in Sidoarjo,
Kediri, and Surabaya. The result score indicates
SMEs capability of running business. 50% of SMEs
in Sidoarjo and Surabaya classified as independent
SME due to its capability of running business based
on CIMOSA. Meanwhile, all of SMEs that being
object in Kediri classified as non-independent SME.
From the calculation and data processing made, the
prominent weakness of SMEs in Kediri is due lack of

capability.

Figure 3 shows the position of SMEs in
SWOT Map. The vertical axis value shows external
factor evaluation result while the horizontal axis
value shows internal factor evaluation. Figure 3
indicates running business of consumer goods in
Surabaya and Kediri have better opportunity than
metal industries in Sidoarjo. The outcome is due to
business scale and criteria. Metal industries have
more significant international relationship while
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consumer goods have more local supplier and
customer.

From the figure 3 above, it can be generally
concluded that Indonesia, especially East Java has a
potential market that brings a lot of opportunities for
business growth. From the competitiveness aspect,

some of SMEs couldn’t compete greatly. This
condition brings to strategies that support SMEs to
strengthen their competitiveness to obtain the benefit
from the existing opportunities (WO — Strategies). In
the other hand, SMEs that had a great
competitiveness

may exploit the existing opportunities to develop their business (SO — Strategies). Table 3 will show the
example of SO- strategies that obtained from TOWS Matrix for SMEs in Sentra Industri Logam Ngingas,
Sidoarjo.Table 4 to 6 below will show strategies that obtained from SWOT Method with considering CIMOSA

framework for each SME Cluster.
Table 3 TOWS Matrix of SO Strategies for SME in Sidoarjo
E Stregths Notasi
DB 4.1 Using smart card to simplify business licensing SO - Manage 2
process
DB 4.1 | Collaborating with medium and large
DB 1.3 | manufacturer SO - Manage 2
FO3.1
FO 4.1 | Market expansion by buying new machine of SO - Core 1
@ GO 1.1 | adding the number of machine
= GO 3.1
c
+§ FO8.1 Utilizing government export assistance for the
5 GO6.1 AT SO - Core 2
3 distribution of products abroad
[} GO7.1
o Analyzing and projecting the budget
Ep requ_lremen_ts for the company's Iong_—term SO - Support 1
credit requirements planning (preparing
investment)
HR11 Gather fresh ideas from workers, held
HR 3.1 . S .
recreational activities, and always motivate SO - Support 2
HR 4.1 K
HR 5.1 | Workers

Table 4 Strategies for SMEs in Sentra Industri Logam Ngingas, Sidoarjo

Strenghts

Weakness

Opportunities

Market expansion into national and
international scoop

Training and coaching from goverenment

Investation on machine or other production
support

Strengten the business assosiation

Develop new product

New/current product development

Utilizing information technology for
marketing and managing production process

Utilizing information technology for
marketing and managing production
process

Manage business permit

Collaborating with medium and large
manufacturer

Strenghtens HR by regular motivation and
bonuses

Manage business permit

Collaborating with medium and large
manufacturer

Strenghtens HR by regular motivation
and bonuses

Threats

Develop new product/services

Likuidation

Stregthen the business relation between

Exit strategy

suppliers

Develop new product/services
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Table 5 Strategies for SMEs in Surabaya

Strenghts

Weakness

Market expansion into national and
international scoop

Training and coaching from goverenment

Investation on machine or other production
support

Utilized goverenment funding

Develop new product

New/current product development

Opportunities [ peyeloping ecommerce

Developing ecommerce

Manage business permit

Market expansion into national scoop

Strenghtens HR by regular motivation and

Manage business permit

bonuses Strenghtens HR by regular motivation
and bonuses
Develop new product Liquidation
Threats Stregthen the business relation between Exit strategy
suppliers Develop new product

Table 6 Strategies for SMEs in Surabaya

Strenghts

Weakness

visitor and consultant

Experiential Marketing (product testing) for Utilize training from government for

learning and training

Utilize over-supply of commaodities for
diversification (develop new product)

Utilized goverenment funding

support

Investation on machine or other production

Partnership among SMEs to for

Opportunities | Market expansion through online marketing

and java souvenir center

bargaining power and personal branding
(horizontal integration)

Manage business permit

Propose appropriate training according to
key weakness

Strenghtens HR by regular motivation and
bonuses

Product development by benchmarking

Market penetration through online marketing Liquidation

Stregthen the business relation between
suppliers

Exit strategy

Product and service evaluation by

Threats benchmarking Develop new product
Product and service evaluation by
Develop new product -
benchmarking
4. Conclusions 2. Using CIMOSA framework, the choosen

From this research, we can conclude that:

1. The strategies between SME Cluster was
different based on its characteristics. It is affected
by the business type, the government program,
business culture, and the exisitance of coaching
and funding institution. The more complex the
business process, the more complex the 3.
formulated strategy.

strategies will integrate all the elements of
business. This framework will show in what
aspect should be strengthen and in what aspect
should be utilized. CIMOSA framework also
providing a assessment standard to obtain internal
factor score for SMEs.

With the unfailing implementation in the further
10 years, approximately 77% of the observed
SME will have the capability growth.
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and Surabaya — East Java, and also local SME from
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Abstract One way to improve the efficiency of a factory and reduce production costs is by doing process
improvement in each department. This factory that production piston expects the flow of material and material
handling system has not been optimized, so it is necessary to improvement system. In this research transporter
are the ways that operators in the handling of material handling in factory manufactur (production piston) that
using a product layout with a U- line flow. Choosing of the material handling system model is done between the
existing conditions, the scenario | is transporter priority resource that has a Work In Process (WIP) / machining
time and scenario Il is transporter highest priority to WIP / machining time highs and the shortest distance.
Performance is used in production volume, WIP, resource and cycle time. Choosing based on the business plan
by way of consensus in the engineering department of the factory. Weight and choose using Analytical
Hierarchy Process (AHP) and processing with Expert Choice. The selected alternative is the scenario | with a
weight of 46.2% and a performance that has the greatest weight is the cycle time of 44.8%. It shows the
company set the task priority transporter on the resource that has the highest work in process. It is hoped in this

way will reduce bottlenecks and facilitate the production system so as to reduce cycle time.

Keywords: Product layout; performance; cycle time; analytical hierarchy process.

1. Introduction

This research focuses on the study of
“piston” fabrication works production line in a
particular company in Indonesia. this factory using
product layout with U line and S line flow material.
Plant layout design has become a fundamental basis
of today’s industrial plant which can influence/parts
of work efficiency (Vaidya,R.D, 2013). An efficient
layout may also contribute to the reduction in the
production cycles, work in progress, idle times,
number of bottlenecks or material handling times and
to the increase in the production output, with obvious
implication on productivity (Vaidya, R.D, 2013).

According to Abhinav, Shukia (2013),
rearranging layout decreased distance and time
consumption in flow material and accidents, resulting
in an increase in productivity. The efficiency of
production depends on how well the various
machines, services production facilities and
employee’s amenities are located in a plant (Godi,
Vivekanand S, 2014). A good layout is one which
allows material flow rapidly and directly for
processing. this reduces transport handling and other
costs per unit, space requirement are minimized and
idle machine and idle man time reduces (Patil,
Subodh B, 2015). The human resources, efficient
materials use, and visual control be improved in any
given facility. working condition of employees shoul
be analyzed (Vaidya, R.D, 2013).

A good placement of facilities contributes to
the overall efficiency of operation and can reduce
until 50% the total operating expenses (Tompkins et

al, 1996). As applied to material handling system,
the effectiveness of a material handling system
describes to what extend the system performs the
required handling tasks, whereas efficiency describe
how economically (in terms of resource utilization)
these tasks are performed. Thus, it is possible for an
effective system to be in efficient, it is also possible
for an efficient system to be ineffective (Beamon,
B.M, 1998). According to Drira, Amine (2007)
differents facility layout from products variety and
volume consist of fixed position layout, cellular
layout, process layout and product layout. Here, one
is concerned with finding the best arangement of
material handling system in product layout with U-
line and S-line. The analytic hierarchy process (AHP)
deveoped by Saaty, (1980) is one of the common
methods used for qualitative data, which easily be
converted to ranked information or pairwise
comparison data. Felice, Fabio (2015) in his researh
said AHP can be used as a decision-making tool
when it comes to making strategic decision, e.g
selecting a supplier with which to establish a long
term relationship or from which to procure critical
material for the company.

This company estimate that flow material
and material handling system has not been optimized..
Especially purposed in this research is determine of
flow material in machining process and material
handling systems that exactly and adjust with the
business plan of the company, so work in process
(WIP) and cycle time can be decreased and output of
product, utility of resources can be increased. The

August, 30"-31%, 2016 | 116



Proceeding of The 31 Engineering Science And Technology ISSN 2548 — 8902 Vol. 3
International Conference (ESTIC) 2016, Padang Indonesia

Published Januari 2017

selection is doing consensus with the engineering
department as decision makers on the performance
evaluation of the material flow. Data processing is
performed by analytic hierarchy process and software

expert choice.

2. Material and Methods

Table 2.1 The Sequence of Tasks and

The piston’s process production consist of melting-
casting-sprue cutting-machining-visual inspection-
warehouse. In this reseacrh focused at machining
process.

Data Engineering and operator of machining:
Allocation of operator U line of 4 people / shift job
descriptions as follows:

Activities Cycle U-Line Operator

Operator Urutan Pengerjaan Tugas Siklus Tugas

1. Batch — Guide Bore Roughing (GBR) —
Center Boss Casting (CBC) — Stamping
(STP) — Visual

2. Rough Turning (RT)- Out Diameter Finish
(ODF)

3. Guide Bore Finished (BGF)— Pin Hole
Roughing (PHR) — Pin Hole Finished
(PHF)

4, Semi Finish Out Diameter (SFOD) — Ring
Groove Finish (RGF) — Drill Oil Hole
(DOH)

The allocation operator S line of 3 people / shift job descriptions as follows:

Table 2.2 Sequence of Tasks and Activities Cycle S Line Operator

Operator

Urutan Pengerjaan Tugas

Siklus Tugas

1

Guide Bore Roughing (GBR) — Rough
Turning (RT) - Guide Bore Finished
(GBF)- Semi Finish Out Diameter (SFOD)

Drill Oil Hole (DOH)- Pin Hole Roughing
(PHR) — Ring Groove Finish (RGF) — Pin
Hole Finished (PHF)

Burnish Machine (BM) - Out Diameter
Finish (ODF) - Center Boss Casting (CBC)
— Grafir (GFR)

Opr Loading /
Unloading
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Performance of Existing Conditions

Table 2.3 Flow Material Performance of Existing Conditions

Performance | Uline | Sline Performance | U line | S line
Utility (%) Utility (%)

GBR 40.70 25.47 PHF 75.58 45.41

RT 66.86 53.61 ODF 65.50 36.32

GBF 58.14 47.30 SBC 29.07 21..79

SOD 78.49 40.03 BM - 50.85

DOH 69.77 49.10 STP 29.07 -

RPH 72.67 56.30 GFR - 14.53

RGF 58.14 54.49 Work in Process 593 unit(2.03%) | 511 unit(2.8%)

Output 116 batch 71.8 batch

Selection of material flow only from the output is
not appropriate because material handling system
U line and S line is different. The right way is the

Table 2.4 Differences S

condition

of material handling systems for the S

stem Material Handling U Line and S Line

line equated with U line especially for the arrival
material at the first machine, the following results:

Existing Condition U Line S Line Action
Arrival High Kecil Arrival S aquated with U
Operator work cycle | Based on the | Based on the distance | -
distance of the | of the nearest and
nearest sequence of process
Distance between | 1-2 meter 4-5 meter The distance between the station
work station changed on 1 meter
Batch No batch Batch S Line without batch by using
shuter
Operator 4 people 3 people -
Machine (unit) 11 12 -

Table 2.5 Results of the Performance Calculation U Line and S Line After Likened

Performance | U existing | S1 S2 The Best
Arrival time same with U | No batch , the distance between
line work station shorten
Output 116 112 114 U
Utilitas 60-70% 60% - 80% 60% -80% S2
WIP 2.03% 3.4% 2.4% U
Cycletime 134 134 134 U

Based on 4 (four) performance used , U line has the
best performance, so that the chosen one is U line.
Work in process can still be decreased by setting
task priority (handling to material handling system)

following

to be carried out by the operator/transporter. In this

results

research proposed two scenarios ie WIP highest
precedence operator/transporter
based on the shortest distance (scenario Il) with the

(scenario 1) and

Table 2.6 Comparison of the Performance of the Existing Condition, Scenario | and Scenario 11
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Performance U line Scenario | Scenario | Performance | U line | Scenario | Scenario
I 1 | 1
Output 28188 28480 unit | 28577 Utility (%)
unit (117 unit (117
(116 batch) batch)
batch)
WIP 2.03% 1.8% 2.09% DOH | 69.77 76.51 76.90
Cycle time 134.09 | 133.32 134.04 RPH | 72.67 79.90 80.11
Utility (%) RGF | 58.14 64.74 65.07
GBR 40.70 47.23. 47.47 PHF | 75.58 82.39 82.81
RT 66.86 73.80 74.18 ODF | 65.50 69.15 69.50
GBF 58.14 73.80 74.18 SBC | 29.07 35.31. 35.49
SOD 78.49 85.34 85.78 STP | 29.07 35.31 35.49

Design or material flow scenarios proposed to be
evaluated by comparing with existing conditions.
Evaluation is done by applying the method of
Analytical Hierarchy Process. At this stage of the
selection on the existing conditions and proposals
that are based on the business plan of the company.

Rate pairwise comparisons obtained from
questionnaires filled out by the engineering
department as decision makers on the performance
evaluation of the material flow. Data processing is
performed by software expert choice and obtained
the results as in the  Figure 2.1

Material

Evaluasi Performansi Flow

- N

Output (0.164) WIP (0.283) Utilitas (0.106) Cycle Time (0.448)

——

Existing (0.272) Scenario | (0.462) Scenario 11 (0.266)

Figure 2.1. The Structure of the Hierarchy and Weighting Material Flow Performance

3. Results and Conclusions

The selected scenario is to use the first scenario
with the highest weights of the other two
conditions, is 0.462 (46.2%), and the best
performance is performance that has value Cycle
Time is 0.448 (44.8%).

From this research can conclude the company
should be choose the first scenario that is by
setting the priorities for operator (transporter) tasks
on the resources that have the highest work in
process. Work in process occurs on a resource that
has a high processing time, is expected to prioritize
the work on a resource that has a high process
(WIP have high) will reduce bottlenecks and
facilitate the production system that will reduce
cycle time.
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Abstract In bleaching process have three factors that are influencing the process are time discoloration,
deferent dose discoloration material from oil mass and temperature of discoloration process. The aim of the
research is to preparing bleaching process bases on factors that influence process, then PTPO quality has
produce will increase. EVOP (Evolutionary Operation) method is one of on line process methods that definite
operate condition will more optimum. EVOP method give information about how that product prepare the it
quality. After preparing uses EVOP method got temperature factor that is not influence process, discoloration
material dose turned out and temperature of discoloration process increasing from first condition to percentage
of color intimating increase to 29,8% and amount water decrease to 29,2%. This result makes operate condition
in bleaching process to be better than before.

Keywords: EVOP; optimum; better.

1. Introduction 2. ldentify factors that affect performance of
The process to change CPO (Crude Palm product quality (free variable) in bleaching

Oil) into PTPO (Pre-Treatment Palm Oil) is process.

conducted through bleaching process. The outcome 3. Operational condition in current bleaching

of this process will affect the quality significantly. It process in the company (initial condition).

can be seen from red color and water content. The 4.  Determine standard range (level) in bleaching

less red color and water content, the higher the process.

quality of palm oil. 5. Determine appropriate EVOP design.
Nowadays, ongoing operational condition ~ 6. Determine number of cycles needed.

always changes due to variation of material used, 7. Change operational condition that suitable to
uncomfortable environment, etc. Even though a target specification.
process operates continuously in certain condition,
the process tends to shift from its optimum condition. 3. Results and Conclusions
There are several experimental design

methods that can be used to control product quality, Table 3.1 Factor that affect and value level
such as factorial experiment, factorial design 2k, bleaching process

Taguchi, EVOP (Evolutionary Operation). Almost Level

all experimental designs need big changes in process -
variable to determine the effect, and need individual No. Factor Low () High
with certain capability to execute it, such as a) (B)
employee from engineering department and trained 1 | Bleaching time | 40 50
technician. But EVOP method only change process (minute)

variable a little bit, so product quality is not 2 | Dosage of bleaching | 1.0 2.0
sacrificed and the design can be executed by factory material (%)

employees although they have not been trained 3 | Temperature of | 100 110
specifically in statistics. In bleaching process that bleaching process

produce PTPO, EVOP method is used to find factor (°C)

level that affect the process and the effect toward

response variable. From this, we can get optimum Determination of EVOP design that suitable
process condition. with the data, consist of three factors and two levels

. that can be seen below:
2. Material and Methods

Steps in EVOP method as follows :

1. Determine quality characteristics (response
variable), that is color and water content of
PTPO
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Picture 3.1 EVOP design for three factor
(Sitompul,2003)

Explanation :

Factor A : bleaching time

Factor b : dosage of bleaching material
Factor C : temperature of bleaching process
Point 1,2,3,...8 : changing condition, that is to

change operational condition in
several direction but under
tolerance level allowed by the
company.

Points 0 and O is used as reference
condition, that is operational condition run by the
company. From these ten operational conditions, we
take sample from each of them. These ten condition
sets is called cycles. To design three factors of
EVOP, these ten conditions is divided into two
blocks, Block I and Block Il. Block I consists of
condition 0, 1, 2, 3, 4, while Block Il consists of
condition O, 5, 6, 7, 8. For this research, we do 4
cycles.

PTPO color absorption

Based on data for color absorption
percentage conducted by the company nowadays,
and the changes applied, specification limit that must
be obeyed to run EVOP is taken from Table 3.2.

Table 3.2 PTPO color absorption

Table 3.3 PTPO water content

Condition Reference Condition
condition (%) change (%)
1 1.12 1.383
2 0.95 1.635
3 1.01 0.818
4 1.25 1.093
5 1.05 0.77
6 1.18 1.148
7 0.99 1.365
8 1.15 1.608

All responds obtained from experiment
using EVOP method are still below control limit
specified by the company, so it doesn’t harm PTPO
quality, and can be re-used for the next process into
Refined Bleache Deodorized palm Oil (RBDPO).
The result of EVOP stage at information board
shows that operational condition under EVOP
Method is better, with response variable result as
follows ; percentage of oil color absorption increase,
and water content decrease. It means, palm oil
quality will be better than current condition run by
the company (Table 3.4)

Table 3.4 Comparison between EVOP result and
current condition

Condition Reference Condition
Condition (%) | change (%)
1 52 35
2 44 23
3 50 58.5
4 48 47
5 40 61
6 46 45
7 52 345
8 44 24.5

Bleaching Refere Condition | Suggestion
process nce after for
conditi jmplemen | improveme
on ting nt
EVOP
Design of | Time 45 Not No
combinatio minu | signific | suggestio
n factor tes ant n
BE | 1,5% 1% Use lower
dosag dosage
e
Temp | 105° | 110°C | Increase
eratur C temperatu
e re
Output Color | 47% 61% Better
(respon [ Water | 1,08 | 0,77% | Better
variable) | conte | 7%
nt

Respond to PTPO water content.

Maximum PTPO water content allowed by
ministry of commerce and conducted by the
company is 2%. Based on data of water content
percentage obtained, and changes conducted,
specification limit that must be obeyed to run EVOP
is taken from Table 3.3.

e There is increasing absorption percentage on
PTPO red color from current reference condition
applied by the company from average 47% into
61%, or 29.8% improvement by implementing
EVOP method.
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Picture 3.2 Comparison PTPO color absorption
before and after EVOP

Picture 3.2 shows that we have better respond after
implementing EVOP. Percentage of PTPO color
absorption is increasing, compare to respond we get
from reference operational condition. It means that
current operational condition is not optimum yet.

e There is decreasing PTPO water content from
current reference condition, that is from
1,087% to 0,77%, or 29,2% decrease by
implementing EVOP method. (Picture 3.3)
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Picture 3.3 Comparison PTPO water content
before and after EVOP

It also means that operational condition we get after
implementing EVOP method is better than current
operational condition run by the company
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Abstract The approach used in this study is a quantitative research. This study aims to reveal how the
evaluation of practice learning ability in the subject of craftsmanship 1 education courses dressmaking State
University of Medan. Analysis of the data showed that the evaluation of the ability of practical learning crafts 1
expected in the labor market based on the ability be organized high category (86%), Effective Communication
high category (86%), mastery and enthusiasm Class high category (89%), Positive Attitude Students high
category (86%), administration of exams and Rated Justly high category (87%), Dexterity Teaching categorized
as moderate (75%), confidence in the students of high category (90%), creativity in learning high category
(91%), motivation student high category (91%), and the Student Learning Outcomes Good high category (85%).

Keywords: Evaluation; Ability; Student.

1. Introduction

Learning is something that intentionally or
unintentionally gained from the experience for all
behavior change towards the better. Or a process of
learning from life experiences that apply to self-
improvement. Learning does not only apply
dibangku school, but outside of the school
environment, pembelajaranpun apply in any case so
as to form patterns of thinking and attitudes to be
better than ever. Based on Law No.20 of 2003 on
National Education System Article 1 paragraph 20
states Learning is a process of interaction between
educators and learners with learning resources in a
learning environment.

Learning is an activity undertaken in
integrating the sequence of events starting from
organizing the lecture material, students, equipment,
materials, and time spent in the learning process. So
that teaching and learning activities carried out by
students and lecturers can be run in accordance with
a systematic and optimal. And targets achieved in the
mastery of science can be mastered by students to
produce a value of learning outcomes that are
theoretical or practical.

Practical learning the teaching and learning
activities in the classroom, especially in the media
laboratory space with good ingredients that electronic
media, visual media, print media, audio media, or
media projections silent. Learning practices
commonly use tools and equipment in the form of a
simple (manual) shaped machines and equipment.
Thus, in practice learning are expected to
mastercontrol of media and equipment that have been
determined at each learning materials with the goal
of students have special skills in the field that they do
during the lectures.

In practice learning often use the method of
demonstration and experimentation. Both of these

methods are often used in the practice of alternating
or complementary. Experiment is a method that is
usually used in science lessons. In the experiment,
hypothesis testing is done through an investigation to
find specific science concepts and principles.
Experiments were carried out involving thinking,
technical skills, scientific skills, and skills to
'manipulate’. In practice learning Kriya art using
practical methods of creating art products textile craft
archipelago. In practice learning craftsmanship
always departs from the concept of Indonesian
culture, process, until the creation of wall hangings
prodak artistic.

To analyze the practice learning crafts courses
dressmaking Medan State University referred to the
literature that the researchers developed a research
instrument to measure students' skills namely 1)
Organizing, 2) Communication, 3) Mastery &
Enthusiasm Class, 4) Positive Attitude, 5) Provision
Trials and Value Fair, 6) Dexterity Teaching, 7) The
confidence of students, 8) creativity, 9) Motivation of
students, and 10) Student Learning Outcomes.

2. Studies Theory
The term “craftsmanship” is derived from
the Sanskrit “craft” which means "work". Of the
basic words are then developed into a word that is
diverse, ranging from the work, craft and work. In a
special sense kriya is doing something to produce an
object or objects. However, along with all its
development work as well as the results of a wide
range of manufacturing techniques which then
produce a piece of art that has a specific function is
also called the "art of Kriya". (Timbul Haryono,
2002).
Craft art is one part of the instructional
practices that perform simple demonstrations,
because the use of equipment and supplies from
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nature. So that the kriya prodak creation processed
by human hand skills to require quite limited and
prodak actions is limited. Practical learning crafts
including category type design surface. Design is
defined as the surface of a decorative design on the
surface of plain fabric. Which in turn have aesthetic
value (beauty) in prodak craft. Examples produced
by a surface design, among others; batik, jumputan
rainbow, hand painting, screen printing, embroidery,
embroidery, and sequins (mute / beads).

In the course craft art practice is focused on
the creation of works of art that is traditional and
departs from; 1) the concept of culture in North
Sumatra Batak tribe, 2) material selection of
materials Payet-sequins and beads, 3) sketch, 4)
collage, and 5) prodak craft-making process in the
form of wall hangings. Prodak on the creation of
craft art should be based on the principles of art and
art elements. So prodak prodak craft art in the form
of textile craft is generated has a value and a good
function. The principles applied to prodak art wall
decoration consists of; 1) balance (balance); 2) the
principle of unity (unity); 3) the principle of rhythm;
4) the center of attention (center of interest); 5) the
principle of proportion or ratio; and 6) alignment.
While the elements of art consists of; points, lines,
shapes, and colors. Rate on learning subjects craft art
on students of fashion Medan State University in
2014, using the ratings of ten indicators, namely: 1)
Organizing, 2) Effective Communication, 3) Mastery
& Enthusiasm Class, 4) Positive Attitude Students, 5)
Giving Fair Trials and Values, 6) Dexterity
Teaching, 7) self-esteem in students, 8) creativity in
learning, 9) Motivation of students, and 10) Student
learning Outcomes Good.

3. Research Methods

This research uses descriptive quantitative
approach to analyze how the ability to undertake the
development of practical learning, particularly in the
manufacture of wall hangings prodak subjects 1
Student Art craft dressmaking courses at Unimed in
the academic year 2014-2015.

Population and sample are students of
Department of dressmaking Unimed academic year
2014-2015 amounted to 120 people, with the
consideration that the students studied are students
who attend lectures crafts 1.

Based on purposive sampling techniques
and techniques of sampling Slovin it is known that
the number is 30 people. To collect research data
conducted by using a questionnaire instrument
(questionnaire). Questionnaire was conceived and
developed in accordance with the indicator variable
capabilities required 10 working market, then the
indicator is based on the study of the theory
suggested by experts that later developed into the

questions. By using a Likert Scale modified in
accordance with the measurement indicators with a
positive attitude measurement scale up negative.

Data analysis was performed using percentage and
categorization by the formula:

Total acquisition score

1009
The highest total score ideal X %

Acquisition Total Score

The highest answer x number of respondents x Number of question

The results of the analysis based on the above
formula and then do the categorization of the results
based on the scale of the achievement level
Responsen. Sudjana (1996) according to the
following table 1:

Table 1: Scale
Percentage of Achievement Criteria
90 - 100 % Very high
80 -89 % High
65-79 % Moderate
55-64 % Low
0-54% Very low

4. Results and Discussion

The results of the study are described based
on the average (mean), the mean (median), the lowest
value (minimum), the highest value (maximum), the
total score (sum), the percentage of respondents
attainment levels and categories. Here are the results
of data analysis evaluation Student Learning
Practices in Education craftsmanshi dressmaking
Medan State University in 2014. Table 2 above
shows the results of evaluation of learning crafts 1 on
majors.
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No | Learning Evaluation Results Mean | Mdi | Mode | Min | Max | Sum % Category

1 | Organizing 34,23 | 34,00 | 32 29 40 | 1027 | 86% High

2 | Effective communication 43,13 | 43,00 | 40 37 50 | 1294 | 86% High

3 | Mastery and enthusiasm Class | 13,37 | 14,00 | 12 12 15 401 | 89% High

4 | Positive Attitude Students 21,50 | 21,00 | 20 18 25 645 | 86% High

5 | Exam Award and Fair Value 17,33 17 16 15 20 520 87% High

6 | Dexterity Teaching 30,13 30 28 21 40 904 75% | moderate

7 | Confident 22,50 | 22 22 20 25 675 | 90% High

8 | Creativity in learning 18,13 18 18 16 20 544 91% High

9 | student Motivation 13,70 14 14 12 15 411 | 91% High
10 | Student Learning Outcomes 34,13 33 32 29 40 | 1024 | 85% High

Table 2 : Results of Data Analysis
Persentase
100% ——
3% ——t— N A —
Fashion education in the category of g%

organizing lectures with a high percentage of 86%. 2z
The results of effective communication in practice e e e e e e et
learning in the category of high craftsmanship with ‘@é“‘f@‘\@ﬁ”“’ ‘?@@‘(ﬁ@ \d,@’i\@*“ &8
a percentage of 86%. Results mastery and Ozca«“‘@«%“qcs“°’£; & ‘;&
enthusiasm towards learning lectures in the & @ﬁ&" N S
category of high craftsmanship with the L

presentation of 89%. The results of the evaluation
of the students a positive attitude towards learning
the practice of craft art including high category
with a presentation of 86%. Evaluation of the test
results and a fair value at study entry crafts
category is high with 87% presentation. The
evaluation results of flexibility in teaching the craft
art 1 medium category with a percentage of 75%.
The results of the confidence of students during
practice learning craftsmanship is very high entry
category with the presentation of 90%. The
creativity of the students in learning the practice of
kriya including very high category with a
percentage of 91%. Evaluation of student
motivation for learning the practice of craft art
including very high category with a percentage of
91%. And evaluation of learning outcomes of
students in 2014-2015 at study entry craft art high
category with a percentage of 85%.

Analysis of the data presented, more
clearly stated the results of research in the form of
the following histogram:

Based on the data analysis described in the
table data and image histogram above explains that
the practice of learning evaluation craftsmanship 1
has several indicators, namely; 1) organization, 2)
effective  communication, 3) Mastery &
Enthusiasm Class, 4) Positive Attitude Students, 5)
Provision of Examination and Value Fair, 6)
Dexterity Teaching, 7) Self-esteem in students, 8)
Creativity in learning, 9) Motivation of students,
and 10) The results of student learning. The results
of the evaluation of the data above shows that
students are able to process concepts with creative
and create a new field of art craft prodak needed
today's society. hangings, 2) tablecloths, 3) glove
canceled seats, 4) curtains, 5) cup decorative lights,
and 6) pajanggan ornate parlor.

The new Prodak craft art created by
students of fashion education in 2014-2015
Unimed departing from North Sumatra culture
consisting of five Batak. Then the results of culture
of North Sumatra developed on household linen,
namely; 1) craft art wallhangings, 2) tablecloths, 3)
glove canceled seats, 4) curtains, 5) cup decorative
lights, and 6) pajanggan ornate parlor.

An indicator of the positive attitude of
students, self-confidence in students, giving exams
and fair value, and indicators of student learning
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results in the category of good and satisfactory.So
that all the indicators above demonstrate the
preparation of students on employment prepared
and mature as optimal as possible as a candidate
kriyawan or craft designer.With hope after
completing his studies at the College, students are
ready to enter the world of work and students are
ready to create new jobs in the corporate world at
the craft of household linen in accordance with
fashion trends and needs of today's society.
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Abstract In this article, it will be analyzed to what extent is the effectiveness of International Standard
Microsoft Office Training 2010 in preparing the students to face Industrial world, and the analysis on the
administering and study process of the Training. The research method being used is Quantitative Descriptive
Method based on variable of questionnaires and result of competency test of each trainee. Application of
Mamdani Fuzzy Inference System (FIS) method is necessary in order to determine the extent of effectiveness of
Microsoft Office 2010 Training Program held in cooperation with Trust Microsoft Partner. By applying
fuzzification, implication function, composition of rules and defuzzification processes, it can be found the level
of effectiveness of the program for each student taking part in the Microsoft training. The inputs for
fuzzification process are the grades in Word, Excel and Power Point obtained by the trainees in the competency
test. Implication function being used is min implication. Composition of rules is obtained by examining the
sample data of 20 students. Finally, the defuzzification phase is obtained from the grade given by Microsoft and

the output of the level of effectiveness as seen in the questionnaire filled in by the trainees.

Keywords: Microsoft Competency Test of Microsoft; Mamdani FIS Method; Level of Effectiveness.

1. Introduction

Development  of Information and
Communication Technology (ICT) has affected
almost all aspects of human life in such a way that it
prompts the emergence of a new era, namely the
information era; an extension of the previous
industrial era. Munir (2014, 1) stated that the society
in the information era is keen on knowledge assets
than capital assets. This signifies that all components
in the society, particularly teachers must also prepare
themselves to enrich their knowledge assets by
mastering the Information and Communication
Technology, particularly with regard to the creation
of collaborative learning model and multimedia. In
addition, UNESCO has declared that the 21% century
is the century of long life education which means that
mastering the Information and Communication
Technology by all components in the society will
become a standard procedure in learning process, not
only in a classroom but also anywhere, at anytime
and for whatever learning activities. Furthermore,
Saripudin (2015, 1) stated that the 21st century’s
learning paradigm has been shifted in such a manner
that the role of the teacher from previously “Teacher-
as-Director” in the industrialization era has now
shifted into ‘“Teacher-as-Facilitator, Guide, and
Consultant” in this information era. Such condition is
reasonable because learning resources and
learningmaterials can now be obtained from many
sources, not from one source only.

Furthermore, the Director General of Higher
Learning in its policy has stipulated that all
universities must be able to prepare the graduates

who are ready to compete in a competitive job
market due to a significant gap between demand and
offer in job opportunities. The universities must also
make the quality of human resources of their
graduates compatible with the needs of the real
world. Mastery of computer skills is one of the
components of ICT that shows the quality of ready-
for-use human resources. In order to prepare a skilled
manpower in computer operation (Microsoft Excel,
Power Point and Word), the Department of PTIK of
Bung Hatta University has engaged in a partnership
with Microsoft Partner for training its students in
computer operation based on Microsoft curriculum
applicable internationally.

As a candidate of computer teacher, PTIK
graduates must master basic computer skills. This is
necessary because there are indications that computer
ability of teachers at primary and secondary school
grades are still very much low, many of them have
not yet mastered computer applications properly.
These indications are found based on the results of
observations and community service programs
performed by PTIK team in several schools in the
city of Padang. Most of the teachers do not know
how to operate computer applications effectively and
efficiently. They use Microsoft applications only for
processing word and data at the very simple level,
not for information processing and visualization of
data for education and learning purposes. In addition,
the alumni of PTIK who have found a job or who
involved in non-teaching professions also reported
that they found themselves having lack of computer
skills in information and data processing as required
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in their work place. That’s why PTIK decided to
organize the Microsoft Certification Training which
until now has already completed five batches.
However, the effectiveness of the training carried out
so far has not been studied scientifically. It is in this
paper, the researchers will analyze and describe the
effectiveness of Microsoft 2010 Training to the
students and graduates of PTIK Department in facing
the world of work. The research will also give
information in more detail about the picture of the
extent to which the effectiveness of programs that
have been designed by Microsoft to support job
readiness and to support learning process.

According to Alliger and Janak (1989) there
are four aspects for measuring the effectiveness of
training, namely: Reaction, Learning Process,
Behavioral Changes and Outcomes. Reaction is a
measure of the effectiveness of the training in view
of the response of the participants, especially the
immediate reaction. Learning Process is a measure of
the effectiveness of the training in view of the extent
of knowledge that can be absorbed by the trainee in
the training. Outcomes is the measure of
effectiveness of the training in view of the
achievement of the goals of the organization after the
training, such as an increase in performance
productivity, employee turnover, quality of work,
time efficiency, and decrease of inefficiency.
According to Haywood (1992) there are eight
variables that may influence the effectiveness of a
training, namely: (1) organizational support for a
change, (2) commitment and strong belief in
education, training and development of individuals,
(3) training and development which should be related
to the strategy and purposes of the business, (4)
formulation and implementation of business
strategies, (5) trainees who not only receive
knowledge and abilities but also can demonstrate
competence, including to find out the needs of
customers, (6) setting the objectives and expected
results of the training, (7) determining the
specifications in training, and (8) thorough
evaluation of the effectiveness of the training and
commitment of the trainees during the training
process.

Indicators of each wvariable of the
effectiveness of training in this research shall be as
follows:

a. Accuracy of Training Method, which shall
be measured by the indicators of suitability
of the method with the background of
participants, suitability of the method with
the career level of participants and the
suitability of the method with training
facilities.

b. Quality of Training Content, which shall be
measured by the indicators of sufficiency of
the material being presented, suitability of
the material with the needs of participants,
material which is a new information or new

skill for the participants, and regularity in

the arrangement of the material.

c. Qualification of the Trainers, which shall be
measured by the indicators of the trainer’s
experience, and capability of the trainer to
transfer the material and knowledge.

This paper shall discuss the effectiveness of
Microsoft Certification Training using Mamdani FIS
Method. There is no previous research regarding
effectiveness of a training using Mamdani FIS
method before. Some of the researches using
Mamdani FIS only discussed about performance
assessment, among others: Triayudi and Nazori
(2012) which discussed about Assessment of
Teachers Performance using Mamdani FIS,
Muthohar and Rahayu (2016) which discussed about
Assessment of Nurse Services using Mamdani FIS,
Sumiati and Nuryadin (2013) which discussed about
Assessment of Lecturer’s Performance with Fuzzy
Database of Mamdani Model. Suryani and Khairudin
(2015) also conducted a research for evaluating the
performance of teachers by using Mamdani FIS.
Nowadays, Fuzzy Logic is widely applied for
research in various disciplines, particularly when the
research uses indefinite measurements by using
questionnaire of Likert scale. It is with Fuzzy logic
that such kind of research is more appropriate. The
level of effectiveness being analyzed by using fuzzy
logic in this paper is taken from the results of
Microsoft test and questionnaire given to
participants. The variable of input is the score of
training test and the variable of output is the score of
training questionnaires. Furthermore, the data is
processed using fuzzy logic by firstly applying the
rules against the process of input and output.

2. Material and Methods

The method used in this research is that of
descriptive analysis against primary data being
obtained through Microsoft Certification scores and
questionnaire score resulting from the test given to
participants who took part in Microsoft Certification
Training. Questionnaire of effectiveness was
designed using indicators of effectiveness as,
according to the opinion of the experts, divided into
three major sections, namely preparation, training
materials and implementation of the training in
accordance with the expected goals. Instruments of
the questionnaires have been validated and computed
for their reliability, with valid results and sufficient
reliability values. In this study, the population of
study is all of the 100 participants attending
Microsoft Certification Training, and the sample was
taken at random for 20 participants in accordance
with the requirements. Because the input scores are
obtained from results of test on the subjects such as
Excel, Word and Power Point, and the output scores
are obtained from the s scores of questionnaires of
the participants, it is necessary to use Universal Set
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(Universe of Discourse) based on the range of scores
as provided for in table 1.

Table 1: The Universal Set for Microsoft Training
Effectiveness

Function | Variable Universal Set
Microsoft
mark (X;) [0,100]
Preparation
score (Xz) [0.12]
Input >
Material [0,36]
score (Xs) '
Performance
score (x4) [0,20]
Output Decision [0-68]

There are four stages for obtaining the output using
Mamdani FIS method, namely:
a. Fuzzification

Because the grade of effectiveness is
determined through questionnaire score after the
training, the sets of input and output are fixed by
table 2.

Table 2: The sets of input output fuzzy for the
effectiveness of trainin

Function | Variable Fuzzy Domain
Sets
Input Microsoft Not Good 0<x<80
mark (x;) (NG)
Good (G) | 50<x<100
Preparati Not Good 0<x<9
on score (NG)
(X2) Good (G) 3<x<12
. Not Good 0<x<27
Material (NG)
score (Xs) ~Good (G) | 9=x<36
Performa | Not Good 0<x<15
nce score (NG)
(x4) Good (G) 5<x<20
Output Decision Not 0<x<51
2 Effective
(NE)
Effective 34<x<68
(E)

This research assumes that if the test score is getting
higher, the effectiveness score shall be better.
Therefore, it can be said that the membership
function for effectiveness of the training applies
linear membership function. This is in accordance
with the triangular shape of Mamdani FIS method.
Membership function for each variable shall be as
follows:

1) Variable x;

1 ;0<% <50
(80-x)
X)=4 ——= 50<x<80 1
e (%) (80—50) (1)
0 :80<x<100
0 ;0<% <50
(x—50)
X)=¢ —= :50<x<80 2
g (%) (80-50) 2
1 :80<x<100
Membership function plots plot points: 100
Tidak—Elaik I I Baik

N/

input variable "Nllai-Microsoft”
Figure 1 (Membership Function for Variable x;

)

2) Variable x,

1 0<x <3
9-x .
Xy)= 3<x<9 3
e (%) 9-3) (3)
0 9<x<12
0 0<x <3
(x=3) .
Xy) = 3<x<9 4
g (Xz) (9-3) 4
1 9<x<12
Membership function plots Plat paints: ,W
Tidak-Bak ' ' ' —

2 4 5 8 10 12
input variable "Persiapan”

Figure 2: Membership Function for Variable x,

3) Variable x;

1 0<x <9
(27-x) .
X) =< ——=  9<x<27 5
/UTB( 3) (27-9) (5)
0 27<x<36
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0 0<x <9
(x-9)
X3)=9 ——— ;9<x<27 6
g (X3) 27-9) (6)
1 27<x<36
Membership function plots Plat points: m
Tidﬁklﬂﬂik I I I I I Baik I

input variable "Materi™

Figure 3: Membership Function for Variable X3

4) Variable x4

1 0<x <5
@5-%x) .
Xg)=9 — 5<x<15 7
g (Xq) (15-5) (7
0 15<x<20
0 0<x <5
(x=5 .
X,) = H5<x<15 8
g (Xq) (15—5) (8)
1 A15<x<20
Membership function plots Plot paints: 100
Tidak-Baik I I I Baik

input variable "Pelaksanaan”

Figure 4: Membership Function for Variable x,

And the membership function for output (z) shall be
as follows:

1 0<z <34
(51-2)
7)=« ———= ;34<1z<51 9
e (2) (51-34) 9)
0 H51<7<68
0 0<z <34
(z-34)
2)=4 ——~ :34<z<51 10
@ =1 (10)
1 51<7<68

Membership function plots plat paints: 100
L Tidak-Efektif Efektif

2 : 4l

output variable "Keputusan”

Figure 5: Membership Function for Variable z

b.  Formation of fuzzy (rules) reasoning basis
Moreover, the Fuzzy rule is thereafter defined,
in which such Fuzzy rule comprises a qualitative
statement formed by statement IF THEN. The Rule is
arranged on the basis of the facts obtained from the
Microsoft training in which the input variable for
preparation do not so much affect the effectiveness
of the training. There are 10 rules being formed in
accordance with the data obtained as follows:

[R1] IF X, is TB and x, is TB and X3 is
TBand x4, isTBTHEN zis TE

[R2] IF X, is TBand x, is TB and x3 is B
and X, iIsBTHEN zisE

[R3] IF X, is TBand x, is TB and x3 is B
and X, isTB THEN zis TE

[R4] IF X, is TBand x, is Band x3 is TB
and X, isBTHEN zisE

[R5] IF X, is TB and x, is B and x3 is B
and X, isBTHEN zisE

[R6] IF x;isBandx,is TBand x;is TB
and X, isTBTHEN zis TE

[R7] IF X, is B and x, is TB and x5 is B
and X, isBTHEN zisE

[R8] IF X, is B and x, is TB and x5 is B
and X, isTBTHEN zisE

[R9] IF X, isBand x, is TB and x3 is TB

and X, isTBTHEN zisE
[R10] IF x; is B and x, is B and x; is B
and X, iIsBTHEN zisE

The Rules which have been obtained are thereafter
applied to Matlab application program as in figure 6.
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1| is

2.1 iz T\dak Ea\k] and [F'elslapan is Tldak BalK] and [M aten iz Ea\k] and [Pelaksa

3. IF[Mllsi-Microsaft is Tidak-Baik] and [Persiapan is Tidak-Baik)] and [M ateriis Baik] and [Pelaksanaan is Tide

4. 1f [MllaiMicrosoft is Tidak-Baik] and [Persiapan iz Baik] and (Maten iz Tidak-Baik) and [Pelaksanaan is B ik

B, I Mllzitdicrosoft is Tidak-Baik] and [Persiapan is Baik] and [Mater is Baik] and [Pelaksanaan is Baik) then| =
E. I [Mllai-Microsaft is Baik) and [Persiapan iz Tidak-Baik] and (Materi is Tidak-Baik) and [Pelaksanaan is Tide

7. It [Mllai-Microsaft is Baik) and [Persiapan is Tidak-Baik] and [Materi i Baik) and [Pelaksanaan is Baik] then

8. It [NllaiMicrosoft is Baik) and [Persiapan is Tidak-Baik] and (Mater is Balk] and [Pelakzanaan is Tidak-B ik
R} [NHal Mlcrosoll i Ba\k] and [Parslapan i Balk] and [M atam |s Tldak -Baik) and [Pelaksanaan iz Baik] then _
1

bt i B =] e (D D =il 1 mancd (o b e D il ) i (DALl e B =il T b, 11
¥

4 T

IF and Then
Mllai-Microsoft is Parslapan ig Matam ig Pelaksanaan is Keputusan is
Tidok-Bai

Baik. Baik Biaik. Baik Efektif

none hohe hohe hohe hohe
[ nat [ not [ not [ not [ not
 LConnection Weight:

" ar

v and 1 Delete e || Addule | Change e |
FIS Name: hasil olahan-1 Help Clase

Figure 6: Formation of Rules

c. Application of implication function using MIN
and composition among the rules using MAX
function.

Because of using Mamdani method, the
implication function uses minimum method.
The implication function («) expresses one
degree of membership, namely the minimum
value from the four inputs based on the rule
previously formed.
al = /,tTB_Xl[X] A ,uTB_Xg[X] A ;uTB_XS[X]
A tre_Xa[X]
=min (ure_Xa[X]; ure_Xo[X];
ure_Xa[X]; urs_Xa[X])
ad = /,tTB_Xl[X] A ,uB_Xg[X] A ;uTB_XS[X]
A ps_Xa[X]
=min (urs_X1[X] ; ts_X2[X];
ure_Xa[X]; urs_Xa[X])

d.  Defuzzification using centroid method

The method being used in defuzification
process in this research is centroid method wherein
the output value thereof is obtained by taking the
central point in fuzzy area. By using Matlab program
the result is shown in figure 7 below:

File Edit View Options

Nllai-Microsoft = 81 Persiapan = 11 Materi = 27 Pelaksanaan = 15

Keputusan = 53.7

(0 e N | [ [ \
i N | | | \
o N | | | |
£ s N | | | |
s ]| | | | 4=
s~ | | | | \
D= | || || |
o[ | [ | [ |
s | | | |
\ — | | | | [
100 0 2 o 38 0 20 g
o 88

Input: W Plat pairts: [ 101 Move: et | right | down| up |

Opened system hasi olahan-1, 10 rules | ‘ Help Close |

Figure 7: Defuzzification process

3. Results and Conclusions
Based on the stages of process in Fuzzy Inference
System (FIS) Mamdani, a simulation is then
conducted to the data with the results as shown in the
following table 3.

Table 3. Data Of Training

No | i | x2 | x3| x4 | z
Resp

1 62 | 10 | 30 | 16 | 536
2 | 7267 9 | 28| 16 | 54,2
3 62 | 11 | 34 | 20 | 53,6
4 |6033| 12 | 31| 18 | 538
5 [8533| 9 | 3L 18 | 55
6
7
8
9

7167 8 | 31| 19 | 541
4633 8 | 26 | 15 | 544
69,67 | 12 | 32 | 18 | 53,8
60,33 | 12 | 29 | 20 | 52,8
10 74 10 | 29 | 17 | 54,3
11 58 12 133 ] 20 | 54,1
12 70 11 | 30 | 16 | 53,8
13 [7067] 9 | 29| 16 | 53,4
14 67 8 |32 ] 13 | 4

15 [7833] 12 | 32 | 18 | 54,7
16 [61,33] 11 | 27 | 15 | 53,7
17 (3667 11 | 29 | 15 | 55

18 71 10 | 29 | 14 | 53,9
19 [61,33] 11 | 31 | 18 | 53,7
20 41 11 | 30| 20 | 55

Table 3 above shows that the result of calculation
using Mamdani FIS almost close to the actual Z
value. Therefore, if the result is seen from the point
of view of effectiveness value, then it can be
concluded that the Microsoft Office 2010 training
can be categorized as a success and “effective”.
Example:

a. Determine the degree of Membership
Var (xy):
Var (X2):

(80-61)
62)=———~=0,6
15(62) 80-50

45(10) =1

(62-52)

=04
80-50

g (62) = ————-—=

Var (xz):
Var (Xy):
up(30) =1

1z(16) =1

b. Determine Implications

Function

o predikat  from
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o = g (%) A g (X2) A g (Xg) A g (Xg) A g (Xg)
=min (0,6;111) =0,6

ay = pg (%) A w1 (Xg) A 115 (Xg) A g (Xg) A g (X4)
=min(0,4;1;,1;1) = 0,4

c. The Rule Inference
Conclude between the rule use maximum
method, such as fig 8

0,6

0,4 A3

40, 44,

Figure 8: Maximum Method for Conluded
between The Rule

(z-34)
Z =
ue(2) 51_34
04 = z2-34
17
04x17=2-34
z=408
(z-34)
Z =
ue(2) 51_34
06 = z-34
17
06x17=z-34
z2=442
So Membership function for the composition ie;
0,4 ;2<408
W) =122 ag<scan2
(51-35)
0,6 ;22442

d. Centroid methods for Defuzzyfication, such as;

408 408 408
M, = J' 1u(2)z dz = j0,4z 420272 =332028
0 0 0
442 442 44,2
’ (2-34) AR
M, = )zdz= | ——%zdz9—-12 =72,443
o= [waza= [ o
40,8 40,8 408

68 68 8
M, = J' u(2)z dz = J.O,BZ dz =[0,322E4’2 — 801108
43,2 44,2

A = 408*0,4 =1632
A =(04+ O,6)*(L;40’8j ~17
A, = (68—44,2*0,6 =14,28

Then the centroid is obtained;
332,928+ 72,443+801,108 _
16,32+1,7+14,28

54

Based on the centroid, it can be concluded
that for the case student 1 is nobtained a score 54.
This mean that Microsoft is very effective training
for students. The results of this research indicate that
the level of training effectiveness can be measured
by using FIS Mamdani.
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Abstract This research is advanced than the initial research has been done on matakuliah project management
information system (MPSI), and have been added to the seminar on the International Conference on Technical
and Vocation Education and Training, High on a hill on the 16th-17th-October 2015, organized by the State
University of Padang (UNP). And Jambi International Seminar on Education (Jise), organized by the State
University of Jambi (Unja). The results of initial research showed, that the quality of the teaching model of face-
to-face with MPSI was at categories fairly, so that needs to be developed a Blended Learning model that is
merging model of face-to-face with models of e-learning, to improve the quality of teaching for the better. Do
class experiments and Posttest grade controls as a continuation of the pretest conducted earlier, the results will
be compared with posttest pretest to see segnifikasi of model development is done.

Keywords: Model face-to-face; E-Learning; Blended Learning; Pretest; Posttest; MPSI.

1. Introduction

Development of blended learning lecture
model courses toward project management
information system (MPSI) is already entered on the
posttest testing phase. Testing done to see the
influence of the students ' learning results against
significant after being given the treatment. The
results of the data processing posttest will be
evaluated to find out the significance or whether the
treatment has been given. The resulting data is
processed so that it can give information about the
condition of the students against the model of
blended learning on lecture MPSI. The development
of this model is indispensable to improve the quality
of teaching in STMIK Nurdin Hamzah, where in
early research, showed that the quality of teaching
MPSI position categories suffice. [15]

Pretest evaluation against the object of
research has been done on the control class and
classroom experiments showed no difference who
significant against second class. This indicates that
both objects there is no more difference between the
two significant. If there is it due to the treatment
given to the object of research.

2. Research Methodology

Do need analysis form to question posttest in
the form of multiple choice question to the class 60
and class control experiment to see how far the
student understand the subjects MPSI after being
given the treatment. Posttest results this will be
analyzed using SPSS applications. Processed data
becomes the source for analyzing the perception of
students toward blended learning model. This model
was developed with Borg and Gall

2.1. Model Perkuliahan Konvensional

Conventional meaning by  Convention
(Agreement) General (such as customary, habitual,
customary), traditional. In relation to the
improvement of the quality of education, quality
improvement efforts of the conventional approach to
education that is based by default on the paradigm of
the input — process — output. In conjunction with the
teaching and learning process, learning approach as
already commonly used in the learning activities in
the classroom are called conventional learning
approach [2].

Conventional learning approach is an approach
which is done by combining a variety of learning
methods. In practice this method is centered on the
teacher (teacher centered), teachers are more
dominating in the learning activities. Method of
learning is done in the form of methods lectures,
granting and fags. The conventional approach is the
approach of learning a lot at the moment, schools are
using the sequence activity awarding examples and
descriptions of exercises [5]. This learning approach
is thus closer to methods lectures. Lecturer becomes
a deciding the course of the process of learning or a
source of information. While passive students with
listening to the lecture carefully and take note of
things that are considered important.

Lecture method is a method of delivering
learning materials with oral communication. This
method is an economical and effective to convey
information and understanding. However in the
learning of students with this method tends to be
passive, it puts the teacher as the final authority,
setting the pace in classical determined by faculty, so
that this method is less suitable for the formation of
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the skills and attitudes of students [9].

Based on explanation above it can be concluded that
the conventional learning approach in this research is
the learning approach that combines methods
lectures, g & a, and the granting of duty in the
process of learning in the classroom. It has the
characteristics of conventional approaches include:

a) Lecturer considers the ability of the students of
the same, b) use the class as the only place to learn,
c) teach more speaking engagements, d) Separation
of subjects is apparent, e) Provide activities that do
not vary, f) Communicating in one direction, g) The
climate of learning emphasizes the achievement of
the effect of interaksional based on the orientation of
the Group, h) Teaching using only the books and the
information only from the lecturer, i) Only assess the
results of the study.

2.2. E-Learning Model

E-Learning is a word that is often used for all
educational activities that use computer or internet
media. There is a terminology that has a meaning
similar to the e-learning, web based learning, online
learning, computer-based learning/training, distance
learning, computer-aide instruction. E-learning is
basically has two types namely synchronous (same
time) and asynchronous (not at the same time). And
offers the advantage of side (1) cost, (2) Flexibility
of time, (3). The flexibility of the site, (4) Flexibility
of learning speed, (5). Standardization of teaching,
(6) teaching Effectiveness, (7). Speed distribution
(8). The availability of On-Demand, (9)
administrative process automation. In addition there
are benefits, there are certainly disadvantages
including (1) culture, (2). Investment, (3).
Technology, (4). Infrastructure, (5). Material [7]. E-
learning also was defined as a form of information
technologies applied in education in the form of a
virtual school, or as an attempt to make a
transformation of existing teaching and learning
process in school into digital form the bridged by
technology the internet [10]

To make perkuliah online by using the
internet facilities, Allen & Seaman, 2010 in Crawley
(2012:5-6) mentions that online lectures can shape
was defined: A Fully online course, lessons with
content ranging from 80-100% online with web-
based terknologi support, no face-to-face lectures. A
blended or hybrid course, lessons with content
ranging from 30-80% of lectures online, using the
web-based technology, and reduce the number of
face-to-face meetings in the class. A web-enhanced
course, technology based lesson content, ranging
from 1 to 29% of face-to-face lectures [4].

Many design e-learning lessons are not right
so that learners are tired and do not want to finish his
studies, and most e-learning still shaped text books
and a little animation. And there is also mention that
not all learning can be done with e-learning (Web),

so this research produces new innovations in
teaching that is mixing the web and face-to-face
learning, known as blended learning [3]. Based on
the foregoing also encourages researchers to develop
a blended learning model of learning for MPSI
lectures.

2.3. Blended Learning Model

Blended learning is an amalgamation of thought
of learning experiences face-to-face and online. The
basic principle is direct communication face-to-face
and written communication online [8]. Other experts
also mendefenisikan blended learning as follows:

+ Integration of face-to-face and online learning to
help improve learning experiences in classrooms
and expand knowledge through the use of
information and communication technology.
Blended strategy improve student involvement in
learning through online activities, and increase
the effectiveness and efficiency of the lecture
time.

+ a learning that combines online and face-to-face.
The proportion of content that is delivered online,
typically using the online discussion, and some
face-to-face meetings. "The Sloan Consortium
blended program defines conducted between 30
per cent and 79 per cent of the content is
delivered online, the rest of the learning content
delivered by teachers/lecturers through face-to-
face or other web-based methods of non, as
textbooks.

» Combination of multiple approaches to learning.
Blended learning can be achieved through the use
of resources "blended", virtual and physical
resources [13].

Another definition of blended learning in the journal
portalgaruda.org is:

1. Thorne (2003), Blended learning is a combination
of multimedia technology, CD ROM, video
streaming, virtual classroom, voicemail, email
and telephone conferencing, online text animation
and video-streaming. All of this combined with
traditional forms of training in the classroom.
Blended learning into the most appropriate
solution for learning in accordance not only with
the needs of learning but also the styles of the
learners.

2. Harding, Kaczynski and Wood (2005), Blended
learning is an approach to learning that integrates
the learning of traditional face-to-face and
distance learning that uses online learning
resources and a wide selection of communication
that can be used by teachers and students of the
implementation of this approach allows the use of
online learning resources, mainly web-based,
with face-to-face activities without leaving. With
the implementation of blended learning, learning
takes place more meaningful because of the
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diversity of the learning resource may be
retrieved.

3. Wilson & Smilanich (2005) concluded that
blended learning is the use of the most effective
training solutions, applied in a coordinated
manner to achieve the desired learning objectives.

4. Macdonald (2008), the term blended learning is
usually associated with incorporating online
media on learning programs, while at the same
time retaining contacts face-to-face and other
traditional approaches to support students. The
term is also used in asynchronous media such as
email, forums, blogs or wikis coupled with
technology, text or audio sinkronus [11]

From some of the defenisi blended learning
and the etymology refers to a description of that
process of learning with a blended learning not to
instead of the traditional learning process but rather
to improve the quality of the learning process by
making use of a variety of approaches. Approach can
benefit from a wide range of media and technology.
In simple terms it can be said that blended learning is
learning that combines face-to-face (conventionally,
where learning between students and teachers
interact directly at each other, each can exchange
information on teaching materials), independent
study (studied with a variety of modules which have
been provided) as well as independent study online.

2.4, Test Definition
In the great dictionary of the language of

Indonesia (KBBI) online test means the written exam,

oral interview, or to find out the knowledge, ability,

talent, and personality of a person [6]. As for the
notion of tests according to some experts, is:

1. Thorne (2003), Blended learning is a combination
of multimedia technology, CD ROM, video
streaming, virtual classroom, voicemail, email
and telephone conferencing, online text animation
and video-streaming. All of this combined with
traditional forms of training in the classroom.
Blended learning into the most appropriate
solution for learning in accordance not only with
the needs of learning but also the styles of the
learners.

2 Harding, Kaczynski and Wood (2005), Blended
learning is an approach to learning that integrates
the learning of traditional face-to-face and
distance learning that uses online learning
resources and a wide selection of communication
that can be used by teachers and students of the
implementation of this approach allows the use of
online learning resources, mainly web-based,
with face-to-face activities without leaving. With
the implementation of blended learning, learning
takes place more meaningful because of the
diversity of the learning resource may be
retrieved.

3. Wilson & Smilanich (2005) concluded that

blended learning is the use of the most effective
training solutions, applied in a coordinated
manner to achieve the desired learning objectives.

4. Macdonald (2008), the term blended learning is
usually associated with incorporating online
media on learning programs, while at the same
time retaining contacts face-to-face and other
traditional approaches to support students. The
term is also used in asynchronous media such as
email, forums, blogs or wikis coupled with
technology, text or audio sinkronus [11]

5. According to Sudijono (2011:67), the test is a
way (which may be used) or procedure (which
need to be taken) in the framework of
measurement and assessment in the field of
education, which shaped the giving task or series
of tasks both in the form of questions (which
must be answered), or commands (to do) by teste,
so (on the basis of data obtained from the
measurement result). Initial tests (pretest) is a test
that is executed before the materials given to
students with the aim to find out the extent to
which of the material or materials has taught
lessons that will be mastered by students [12]

From some sense, it can be concluded that the
test is a tool or procedure used to evaluate individual
and group objective standards to observe one or more
of the characteristics of a person that the results can
be used as a basis in decision making.

3. Results and Discussion
3.1. Face-to-Face Lectures

The quality of learning face-to-face on MPSI
learning has been done need analysis, by spreading
the now instrument to students, grouped into the four
dimensions of the dispersion in grating instrument
(organizing strategy delivery strategy, learning,
learning, learning management strategies, the
evaluation study). Application research of refined
from SPSS and analysis of fishbone diagram is done,
it brings the description answers questions posed to
60 students such as table 1 below:

Table 1: Description of Respondents Answer
Deskripsi Jawaban Responden

Dimensi N | Minimum | Madmum | Mean |Std. Deviation

Starategi Pengorganisasian Pembelajaran | 54 | 22.00 50.00 |388333| 490056
Sirategi Panyampaian Pembelgjaran 5 | 2100 90.00 |39.9074| 9.00099
Strategi Pengelolaan Pembelajaran 54 | 1200 3500 |25.1852) 492615
Evaluasi Pembelajaran 54 | 1400 3000 |23.0926] 3.95860

From the description of the count's answer to
the actual mean from each lattice instrument (Azwar,
2003) with the results of calculations put the quality
teaching lies in the requirement of sufficient.

3.2. Research Analysis
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Data obtained from this new research on
quantitative data obtained from the results after
performing a posttest of two classes, namely class
experimentation and grade control where each given
treatment or equal treatment

3.2.1. Quantitatif Data Analysis

Based on the research results obtained from
the posttest, the data obtained are calculated,
analyzed to provide the basics in drawing
conclusions from a hypothesis. Questions to be tested
consists of 60 grains reserved for 30 students class
experiments and 30 students of the class of the
control. From the results of the experimental group
posttest obtained the highest score and lowest score
52 25, mean, and median 42.63 43.00. Posttest score
frequency distribution capability of understanding
the material groups of experiments can be seen in
table 2.

Table 2 Frekuency Distribution Score Posttest
Exsperimen Group

Interva | Frekue | Fresentas | Frekuen | Prese
| nsi e si ntase
Frekuens | Komula
i tif
51-60 | 3 10 30 100
41-50 13 43,3 27 90,0
31-40 13 43,3 14 46,7
21-30 1 3,3 1 3,3
11-20 |0 0 0 0
1-10 0 0 0 0
Total 30 100

Based on the table above, if displayed in the form of
histograms figure 1 are shaped as follows:

Histogram

& T 1 Mean = 42,63
Std. Dev. = 6,083
N=30

I

w
1

Frequency

"
1

20 0 I E Y
POSTTEST KELAS EKSPERIMEN

Fig 1. Frekuency Distribution Score Posttest
Exsperimen Group

From above, the histogram can be known to
students who got the score 20-30 there, score 31-40
there were 8 people, the score 41-50 there were 17
people and score 50-60 there is 4 people.

For the control group gained frequency
distribution in understanding materik as shown in
table 3.

Table 3. Frequency Distribution Score
Posttest Control Group

Interv | Freku | Fresent | Frekue | Present
al ensi ase nsi ase
Frekue | Komul
nsi atif
51-60 0 0 0 0
41-50 0 0 0 0
31-40 8 26,7 30 100
21-30 20 66,7 22 73,3
11-20 2 6,6 2 6,6
1-10 0 0 0 0
Total 30 100

Based on the table above, if seen from the shape of
the histogram figure 2 as follows.

Histogram

WMean = 27,7
Std. Dev. = 5,772
N=30

Frequency

T T T
15 20 2! 0 20 45

POSTTEST KELAS KONTROL

Fig 2. Frekuency Distribution Score
Posttest Control Group

From the above histogram can be known that
getting the score 15-20 there are 2 persons, score 21-
25 there were 7 people, the score 26-30 there were 13
people, score 31-35, there are three people, and a
score of 36-40 there were 4 people, as well as the
score 40-45 there was 1 person.

A comparison of the highest score, the lowest,
the average rating for class experiments and
classroom control, median, either at the time the
pretest or posttest can be seen in table 4.

Table 4. Comparison of Pretest and
Posttest Statistics Experiments and Group

Control

Data Skor Skor | Mean Median
Tertinggi | Teren

dah
Pretest 24 12 19,27 19,50
KE
Posttest 52 25 43,00 43,00
KE
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Pretest 33 12 21,40 21,00
KK
Posttest 40 18 27,70 26,00
KK

Comparison of the data above, if displayed in
the form of histograms figure 3 as follows:

M Pretest Kelompok
Eksperimen

B Pretest Kelompok
Kontrol
Kelompok
Eksperimen
Kelompok
Kontrol

Fig 3. Comparison of Pretest and Posttest
Statistics Experiments and Group Control

4. Conclusion

The implementation of matakuliah against
MPSI posttest research phase is to get the
information the extent of influence of a model that is
designed against students in knowing and
understanding these subjects, and the results of the
evaluation of the posttest will be used as a reference
for developing the model BL more optimal in order
to improve the quality of teaching in the future.
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Abstract Taguchi method offers a simple and systematic approach to optimize performance, quality and cost
in manufacturing process. Taguchi optimization methodology with orthogonal array of Ly was applied to
optimize cutting parameters in turning of inconel 718 with PVD coated cemented carbide tools. The turning
parameters evaluated were cutting speed of (50, 70 and 80) m/min, of (0.20, 0.25 and 0.30) mm/rev and depth
of (0.30, 0.40, and 0.50) mm. The results show that the most significant factor which effects on the tool life was
the cutting speed with the significant value of 0.019%. The depth of cut also gave significantly on the tool life
of machining of inconel 718 in dry cutting condition. And other hand, the most significant factor which
influences the surface roughness was the . The percentage of significant value of the was 0.032% or the gave
contribution of 93.61%. The optimal machining condition for the tool life was at the lowest cutting parameters.
Then the optimal condition for the surface roughness was at cutting speed of 70 m/min, of 0.20 mm/rev, and

depth of cut of 0.40 mm.

Keywords: Taguchi Method; inconel 718; tool life; surface roughness; turning.

1. Introduction

The nickel-based super alloys are known as
a difficult to cut material and heat-resistant alloys
with high melting temperatures. The ability to retain
high mechanical and chemical properties at elevated
temperatures makes these super alloys an ideal
material for use in land-based power generators and
aerospace aero-engine components. About 50 wt% of
all aero-engine alloys are nickel-based alloys
(Ezugwu, 2003). However, nickel-based super alloys
are also used for other applications such as marine
equipment, nuclear reactors, petrochemical plants,
food processing equipment, and pollution control
apparatus. They are generally used in aggressive
environments because of their ability to maintain
high resistance to corrosion, mechanical and thermal
fatigue, mechanical and thermal shock, creep and
erosion at elevated temperatures. Inconel 718 super
alloy is one of the nickel-based super alloys mostly
used in manufacturing of aero-engine components of
the hot section, shown as 35% of all productions
(Loria, 1988). This alloy is often used in a solution-
treated and aged condition. Several problems that
exist after machining nickel-based super alloys are
reported in the literature, including surface tearing,
cavities, cracking, metallurgical transformation,
plastic  deformation, increased microhardness,
increased surface roughness and the formation of
tensile residual stresses (Arunachalam et al., 2004;
Sharman et al., 2006; Dudzinski et al., 2004).

The quality of products can be improved by
improving the quality of design and process in
company-wide activities (those activities concerned
with quality, include in quality of product planning,

product design and process design (Park, 1996;
Ranjit, 2001). Robust design is an engineering
methodology for obtaining product and process
condition, which are minimally sensitive to the
various causes of variation, and which produce high-
quality products with low development and
manufacturing costs (Park, 1996). Taguchi’s
parameter design is an important tool for robust
design. It offers a simple and systematic approach to
optimize design for performance, quality and cost.
Signal to noise ratio and orthogonal array are two
major tools used in robust design. Signal to noise
ratio, which measures quality with emphasis on
variation, and orthogonal arrays, accommodates
many design factors simultaneously (Park, 1996;
Phadke, 1998).

Taguchi method offers the quality of product
measured by quality characteristics such as: nominal
is the best, smaller is better and larger is better (Park,
1996; Ranjjit, 2001). Optimization using Taguchi
method in orthogonal cutting using conceptual S/N
ratio approach and Pareto ANOVA is suitable to
analyze the metal cutting problem. Gusri et al. (2009)
found that the conceptual S/N ratio and ANOVA
approaches for data analysis draw similar conclusion
in process turning use at high cutting speed of 95
m/min, low of 0.15 mm/min and low depth of cut of
0.1 mm. For tool life, the main factor gave the most
contribution was cutting speed.

Yang and Tarng (1998) applied Taguchi method
for optimizing the cutting parameters in turning
operations. The Taguchi method proved to be a
systematic and efficient methodology for the design
optimization of the cutting parameters with far less
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effect than would be required for most optimization
techniques. They found that tool life and surface
roughness can be improved significantly for turning
operation. The improvement of tool life and surface
roughness from the initial cutting parameters to the
optimal cutting parameters is about 250%.

Application of Taguchi’s method for parametric
design was carried out to determine an ideal and
desired force combination. Although small
interactions exist between a horizontal and desired
force, the experimental results showed that surface
roughness decreases with a slower and larger
grinding force, respectively (Liu and Andrian, 2005).
Conceptual S/N ratio approach of Taguchi method
provides a simple, systematic and efficient
methodology for optimizing of process parameters
and this approach can be adopted rather than using
engineering judgment. Furthermore, the multiple
performance characteristics such as tool life, cutting
force, surface roughness and the over all productivity
can be improved by useful tool of Taguchi method
(Mohan et,al, 2005).

This paper describes the turning of inconel 718
with parameters of turning at three levels and three
factors each. The main objective is to develop a
study of Taguchi optimization method for high tool
life and low surface roughness value in term of
cutting parameters when turning of inconel 718 with
PVD coated cemented carbide tools under dry cutting
condition and high cutting speed.

2. Material and Method

The experiments were carried out with three
factors at three levels each, as shown in Table 1.
Three factors used in this experiment are cutting
speed, feed rate and depth of cut. The fractional
factorial design used was a standard L9 orthogonal
array, which is calculated by using 3% (level ™)
(Kalpakjian and Schmid, 2001). This orthogonal
array was chosen due to its capability to reduce the
number experiment without interaction. The
machining trials were carried out by using the lathe
machine (Colchester T4, with maximum spindle
rotation of 6000 rpm) in dry condition. The cutting
tools (inserts) used were Phisycal Vapor Deposition
(PVD) coated carbide tool with the coating layer of
TIiAIN. Chemical composition of substrate the
cutting tool is 91.25% WC (wolfram carbide), 2.5%
Ti/Ta/NbC (titanium/tantalum/niobium carbide) and
6% Co (cobalt).

The average flank wear land (VB) and
maximum flank wear (Vbmax) were measured every
one pass machining by using Mitutoyo Tool Maker
Microscope with magnification up to 50x. The
machining will be stopped when the VB reached 0.3
mm, whereas the surface roughness value of the
machined surface was measured by using the surface
roughness tester model Mpi Mahr Perthometer. The
recordings of surface roughness were done every one
pass machining and be done for three times.

Table 1. Factors and levels used in the experiment
Levels
0 1 2
A- Cutting speed (m/min) 60 70 80
B- (mm/rev) 0.20 0.25 0.30
C- Depth of cut (mm) 0.30 0.40 0.50

Factors

3. Result and Conclusions
Tool life

Table 2 shows the significant values and
contribution of cutting parameters when turning
Inconel 718 with PVD carbide tools in dry
machining. The significant value of cutting speed (P)
is 0.019 (lower than 0.05). It means that the cutting
speed significantly influences on the tool life value
(Park, 1996, Ranjit 2001). In addition to, the depth of
cut and feed rate are insignificant factors on the tool
life due to P values bigger than 0.05. The cutting
speed has a contribution for the tool life of 45.47%,
otherwise, for and cutting speed are 39.53% and
15.00%, respectively, as shown in Table 2. From
this result, it can be concluded that the cutting speed
is the most significant factor and give most
contribution on the tool life. In line with the theory
that the cutting speed is the main machining factor
that generated temperature and high generated
temperature contribute significantly on cutting tool
failure (Trent, 2001). The higher cutting speed causes
high temperature generated that influences on wear
progression of tool (Gusri, etal, 2011). He also
reported cutting speed significantly influenced on
flank wear of tool life when machining inconel 718
compared to the depth of cut and .

Meanwhile, the cutting speed and depth of
cut were the most significant factor that affected the
cutting force and the cutting force also gave a
significant contribution on flank wear or tool life
when cutting inconel 718 under dry condition. It can
be seen clearly that the cutting speed is the most
significant factor influences on the tool life at high
cutting speed and dry machining. Some previous
researchers also suggest similar results. They claimed
that the tool life or flank wear well strongly depends
on the cutting speed followed by the depth of cut
and.
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Table 2. Analysis variance of signal to noise ratio (ANOVA) for tool life

No Variable Factors DF ScJSLTz;TI‘]eOIS) Variance (V) F  Percent (P) Cont(r(;s )u tion
1 Cutting speed 2 26.7231 13.3360  51.60 0.019 45.47
2 2 8.8253 4.4126 17.03 0.220 15.00
5 Depth of cut 2 23.2434 11.6217  44.86 0.055 39.53
Error 2 0.5181 0.2590
Total 8 59.3188 100

Table 3 shows response values of signal to noise
ratio for tool life at each factors and levels. The
signal to noise ratio for tool life has characteristic
larger is better. Response factor which has higher
value contributes more on tool life. Factor A (cutting
speed) gave a delta value bigger than others factor.
The delta value of cutting speed of 4.12, it is better
than others factors. So this factor considered as factor
which influences significantly on the tool life. Factor
C (depth of cut) is the second factor which has delta
value of 3.81. Its value is lower than factor A and
bigger than factor B. The effect of each factor on tool
life can be seen on Figure 1.

Table 3. Response table for signal to noise ratios
(larger is better)

Level A B C
1 22.32 21.36 21.63
2 19.49 19.03 20.56
3 18.20 19.62 17.82

Delta 4,12 2.33 3.81

rank 1 3 2

Main Effects Plot (data means) for SN ratios
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Figure 1. S/N response table for tool life

The optimum condition of turning process
when machining inconel 718 for tool life can be
shown in Table 3 and Figure 1. The maximum value
of response at each factor indicates the optimum
condition. It can be seen clearly that cutting speed at
level 1 (60 m/min), feed rate at level 1 (0.20 mm/rev)
and depth of cut at level 1 (0.3 mm) is the optimum
condition. The lowest level of every factor produced
the longest tool life. Theoretically, the low cutting
speed selected while machining of super alloy
materials resulted the low heat generated so that
increasing in cutting time (Gusri, et.al, 2011). As
found by Yazid et.al (2011) when cutting inconel 718
by lathe machine that the longest tool life achieved

when cutting at low cutting parameters in term of
cutting speed, feed rate and depth of cut. Therefore,
it can be recommended that to get long tool life can
be selected low main cutting parameters.

Surface Roughness

As shown in Table 4 that the significant
values of cutting parameters while machining of
Inconel 718 with PVD coated carbide inserts in dry
machining. The is the most significant factor which
influences on surface roughness. The significant
value on the is 0.032 (lower than 0.05). In addition
to, the cutting speed and depth of cut are
insignificant factors on the surface roughness due to
P values bigger than 0.05. The contribution of is
93.61%. In contrast with others parameters, cutting
speed and depth of cut are not very insignificant, in
which, its contribution values are 0.49% and 2.80%,
respectively. From this result, it can be concluded
that the feed rate is the most significant factor and
give most contribution on the surface roughness
values.

Surface roughness values are indicator in
machining process, by which a good quality is
presented by low surface roughness. Table 4 shows
that the is the most significant factor in controlling
the material surface roughness values when
machining inconel 718 alloy under dry cutting
condition. Classically, The surface roughness values
related to equation h ~ f/8R or hea ~ /18 (3R)*
[Bhattacharya 1991, Shaw 2005]. Where, h is the
peak-to-valley height, hca the centerline-average
roughness, f the and R the nose radius of insert. The
formula shows that surface roughness is primarily
dependent on the and the geometry of nose radius.
The higher feed rate causes high distance between
peak to peak of machine (Gusri, et.al, 2010).

The previous researcher found that the
surface roughness trends to become smoother when
selected feed rate parameter at low level. This is
probably due to short distance between peak to peak
at texture of machine surface (Park, 1996). Whereas
according to Bhattacharya (1994), decreases of the
surface roughness values recorded were caused by
using low feed rate. Gusri et al. (2009) found that
Taguchi Method successfully applied in machining
super alloys material as like titanium with
orthogonal. By using orthogonal array L27 and four
factors and three levels each, the was the most
significant factor which influenced the surface
roughness of new machined surface.
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Table 4. Analysis variance of signal to noise ratio (ANOVA) for surface roughness

No Variable Factors DF ScJSLTz;TI‘]eOIS) Variance (V) F Percent (P) Cont(r(;s )u tion
1 Cutting speed 2 0.2528 0.1264 0.16 0.864 0.49
2 2 48.5841 24.2920 30.15 0.032 93.61
5 Depth of cut 2 1.4505 0.7252 0.90 0.526 2.80
Error 2 1.6112 0.8056 3.10
Total 8 51.8985 100

The optimum condition while cutting inconel 718 for
surface roughness can be shown in Table 5 and
Figure 2. It can be seen clearly that cutting speed at
level (70 m/min), feed rate at level 1 (0.20 mm/rev)
and depth of cut at level 2 (0.4 mm) is the optimum
condition. Even so, the feed rate demonstrates effect
extremely on surface roughness as shown at Figure 2.

Table 5. Response table for signal to noise ratios
(smaller is better)

Level A B C
1 -8.013 -5.437 -8.138
2 -7.636 -7.161 -7.293
3 -7.954 -11.004 -8.171
Delta 0.377 5.567 0.88
Rank 3 1 2

Main Effects Plot (data means) for SN ratios
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Figure 2. Response table surface roughness

Determination of the maximum tool life and
surface roughness

Prediction of the optimum tool life performance
using the cutting parameters at Al, B1 and C1.
Predicted S/N ratio (maximum) for tool life.

n+(MAL-n)+(mB1l-n)+(nCl-mn)

20.23 + (22.32 - 20.23) + (21.36 — 20.23)
+(21.63 - 20.23)
20.23+2.09+1.13+1.4

24.85 dB.

With this prediction, one could conclude that the
machine creates the best tool life with optimum
condition for S/N ratio value is 24.85 dB.

With similar method prediction of the optimum
surface roughness can be found using Al, B3 and
C3:

Predicted mean (minimum roughness):
=n + (nA2-n) + (nBl-m) + (nC2-n)
= -7.98 + (-7.636 + 7.98) + (-5.437 + 7.98)
+(-7.293 + 7.98)
-7.98 - 0.334 + 2.543 + 0.687
-5.084 dB.

where n is the average value of S/N ratio. With this
prediction, one could conclude that the machine
creates the best S/N ratio value of surface roughness
is—11.228 dB.

4. Conclusions

Taguchi’s robust design method and
analysis of variance give similar results and it is
suitable to optimize the tool life and surface
roughness in turning inconel 718. The significant
factors in turning of super alloys inconel 718 on tool
life were cutting speed with contribution of 45.47%.
In addition, the significant factors which influenced
on the surface roughness were with contribution up
to 93.61%. The optimal condition for the tool life is
obtained at cutting speed of 60 mm/min, of 0.20
mm/rev and depth of cut of 0.30 mm, whereas the
optimal condition for surface roughness at cutting
speed of 70 mm/min, of 0.20 mm/rev and depth of
cut of 0.40 mm.. Prediction of the optimum for signal
to noise of tool life and surface roughness are 25,85
dB and -5.084 dB, respectively.
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Abstract Troubleshooting is the existence of a problem or abnormality on our computer. There are several
troubleshooting on computer that often occurs in troubleshooting on hardware and software. It is something that
quite difficult to understand by vocational high school students, caused by indeterminacy diagnostic that happen
on the computer. The vocational high school students on program expertise Computer Engineering and
Information Technology the application in Industrial Work Practices will also find a variety of problems on the
computer. To help them understand about this and see the possibility of a case and the diagnosis, it can be help
through Bayesian probability of an approach. Various systems in the world are affected by the uncertainty as
limitation censorship, environmental disturbances, and others. Indeterminacy can be defined as a lack of curse
information fatherly make decisions. The results of this analysis are 0.000 means computers under normal
circumstances, 0.001-0.999 means there are troubleshooting on computers and computer components means

1.000 damage.

Keywords: computer systems; troubleshooting; bayesian probability; approach; troubleshooting on computer.

1. Introduction

The program computer engineering and
Informatics is the cursor of the three sections of the
field of information and Communication Technology
Skills. In the Curriculum of 2013, there is the
unification of material from several competencies
standards into one competency standards that is
Assembly of the computer. Assembly of computers
on this curriculum is a combination of standard of
competence to assemble Personal Computer (PC),
perform Basic operating system installation and
implementing health, Safety and the environment,
then the material that exists only on the Computer
Engineering Program and a network that is
implemented the PC and peripheral installation,
diagnosis of the problem PC and peripherals,
perform the repair and restart PC settings and do care
PC. So with the more scaled down time on all the
material, students demanded to understand
independently all such material.

Quite difficult to understand by students on
all material is on the diagnosis of the problem PC
and peripherals. This competency standard that make
it difficult to give picture about damage and
problems that occur on your PC so that even though
it's been dealing with PC in directly. This is caused
by every PC has the same problem but with a
different handling. To answer that to be done
analysis of the problem. the problem was known for
troubleshooting.

Troubleshooting is the existence of a
problem of abnormality on your computer. Computer
problem or  troubleshooting  divided in
troubleshooting  hardware and troubleshooting
software [1]. So basically troubleshooting on
computer is divided in two, namely hardware and
software. Troubleshooting hardware is usually

marked with the computer is not turned on, the
monitor is dead, and so on. While troubleshooting
software is characterized by slow computer
performance and others. Though not a possibility
also the symptoms of slow computer happens not
only in software but also hardware troubleshooting

[1].

In another opinion, the computer is a
machine that can be programmed to receive data
(input), process it to generate information (output),
and then save them to a storage medium (Secondary
Storage) [2]. It is known with the Input-Process-
Output Model as in the picture below:

STORAGE
INPUT T OUTPUT
— o
PROCESS

Figure 1.1 (Input-Process-Output-Model)

So basically the system consists of a
Computer input device processing, output devices,
and storage devices. All those things are part on the
hardware. Then in doing the performance of a
computer through the operating system and
application programs. It is known for its software. So
when the troubled computer system on a single
component only can occur the troubleshooting.

On the many published many journals use
the algorithm First Outrider Logic in the case
computer troubleshooting. The type of First Order
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Logic that is used i.e. Reasoning Forward Channing
and Backward Chaining.

Journal of Anif Farizi, i.e. expert system
trying to find solutions as done an expert. Expert
system can also provide an explanation against the
steps taken and to give suggestions or conclusions it
finds. Development of expert system aims to assist
computer users (user) to resolve the problem or
damage computer hardware (hardware) and the
software on the computer (software). Computer
damage case is a case that requires the assistance of
an expert (engineer) in resolving the problems by
relying on the knowledge that he has. This system
was built using the method of forward chaining.
Forward chaining is used to examine the factors that
are included with the rules stored in the system to be
drawn the conclusion [3].

Later in the journal of the Toto Sudiyanto
and Nana Suarna, i.e. from a variety of experiments
have been done with the conclusion that can be
drawn backward chaining techniques (forward
tracking) can solve the problem with the statement
object that is quite a lot and this gives ease for lay
people who even in the use of expert system does not
present direct expert is concerned, and that is the
basis of the creation of this system that is :

1. Limitations of technicians.

2. Not all users understand about computer
hardware troubleshooting.

3. Consultation fees to experts who are

relatively expensive and limited time [4].

From both the journal that can be seen from
both the reasoning that, recently got to see the
conclusion of a case that happened on your computer
in the form of conclusions. To be able to make the
value of the probability of the case then known as
bayes theorem or bayesian probability. A conditional
probability is often gives the probability of an event
(such as a failure) is given a condition (such as high
or low contamination). But after random experiments
produce results, we are naturally interested in the
possibility that a condition now (high contamination)
given an outcome (semiconductor failure). Thomas
Bayes explores this question is important in the 1700
's and develop fundamental results, known as Bayes '
theorem [5].

Bayes theorem actually already much
developed into algorithms in the system of decision
making and expert systems. but this is new to many
developed in the health sciences. On journal m.
Khusnul Defensebaseactcomp, concluding that is

1. Program on this final Project was able to
diagnose the possibility of a person Suspect

a Stroke is not to the average percentage of

success is 99% for Neural Network methods

and 97% for Naive Bayes method and
provide the advice of their risk factors
relating to input and can be displayed on the

Web.

2. Based on the results of a test that was done
then the known accuracy of the comparison
of the two methods that are used in
applications that are created in which Neural
Network method is more reliable than the
Naive Bayes method in terms of decision-
making for new data as input with an
average error of as much as 1% whereas
Naive Bayes method is more reliable than
the method of Neural Network in terms of
decision making for the same input data
with data training with ratarata error as
much as 3% [6].

From the results of analysis of a journal can be seen
that this fairly accurate probability analysis in
decision making. However, in existing journals, there
are already made for the diagnosis of damage to car
electronics and tools such as air conditioning,
computer hardware as well as car Toyota Avanza. It
is found in the journal of | Putu Putra Warma, Bayes
method is a good method in machine learning based
on data training, by using conditional probabilities as
a base. This method can be used to make it easier to
find damage to the Air Conditioning by predicting
the probability based on experience in previous times.
With the progress and the development of technology
that is increasingly rapidly, developed a technology
capable of implementing bayes theorem for
analyzing damage to the Air Conditioner indoor-
based android [7]

From the journals above, it can be seen that
the bayes theorem can assess a large probablitas of
damage to the air conditioning With almost the same
issue, Journal of Irvan Syahputra get results, namely:

1. Have been obtained as a result of using the
bayes method in damage to computer
hardware components.

2. The application of bayes method is quite
efficient used as a way to make the data less
definite data is sure to be in the
identification of damage to computer
hardware components [8]. So from this
journal can be a problem in the development
of guidelines on this journal.

Development of bayes theorem has been
around a journal of Budiharto, Widodo. In this
journal contained the conclusions "based on the
results of the experiments and the evaluation of our
proposed model, the car expert diagnosis system is
able to diagnose the failure of the car. Bayesian
approach to help in making more accurate decisions

"[9].

2. Material and Methods

The main thing in bayes is uncertainty. The
uncertainty was defined as can the lack of sufficient
information to make a desperate. This can be a
problem, because it can prevent us to the best
decision or may even cause us to make a bad
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decision [10]. So one way with bayes probability
such as probbilitas.

There are several approaches in bayes
probability that can be used are: (1) the certainty
Factor (Factor Cartainty/CF), (1) Bayes Theorem,

node in the graph represents a random
variable, while the ends between the nodes
is probabulistik dependencies between
random variables accordingly [10].

and (3) Bayesian Network. 3. Results and Conclusions

Before to analysis using bayesian probability
approach, changed all the results of the diagnosis of

p(E1|B) the existing table into multiple groups, namely:

The general formula from bayes theorem, i.e.

_ p(B|E'1)p(E'1)
p(BIEDP(E;) + p(BIE)p(E,) + -+ + p(BIE)p(E))

forp(B)>0 1)

Methods of analysis used in this journal is
A. Factor Cartainty/CF)
Certainty Factor (CF) expressed the belief in
an event (or facts, or hypothesis) that are
established to evidance, where: [10]

CF[P,E] = MB[P,E] - MD[P,E]  (2)

CF = Certainty Factor

MB = Measure of Belieft/degrees of belief
MD = Measure of Disbelief/degrees of
unbelief

P = Probability

E = Evidence/Fact

B. Bayes Theorem
Bayesian Probability theory was used to
menhitung the probability of occurrence of
an event based on the influence of testing.
Prbabilitas Bayes explains the relationship
between the probability of occurrence of the
hypothesis there with Hi facts (evidence) E
has occurred and the probability of

Table 3.1 This Type of Troubleshooting

Code Kind of Troubleshooting
T1 Hardware
T2 Software
T3 Hardware and Software

Table 3.2 Components of Troubleshooting

Code Compounent
K1 Mainboard/ Motherboard
K2 VGA Card
K3 Memory/ RAM
K4 Harddisk
K5 Sound Card
K6 CPU/ Processor
K7 Power Supply
K8 CMOS
K9 Keyboard
K10 Mouse
K11 Monitor
K12 CD/ DVD ROM
K13 BIOS
K14 Operating System
K15 Software

Table 3.3 The symptoms that occur on computer

occurrence of ecidence E condition
hypothesis Hi has occurred [10]. in theory,

the ditulusmatematis theory equations Bayes

Bayes, written

_ p(ElH)*p(HY)
P(H1|E)_ %zlp(E|Hk)*p(Hk) (3)

p(H;|E) = probability of the hypothesis Hi is true if
given evidence (facts) E
p(E|H;) = probability of the emergence of evidence

(facts) If E-known hypothesis Hi is true

p(H;) = probability of the hypothesis Hi regardless
of any evidence (facts)

n = number of hypotheses which may

C. Bayesian Network

Bayesian networks or with so-called
bayesian belief network/network is a

probabilistic graphical model that is in
charge of presenting the complete set of

variables with the value of the dependency

between variebel times. Specifically, each

systems
Code Symptoms
Gl | Komputer menyala tapi tidak ada tampilan
di layar
G2 | Komputer berbunyi TIT 3x pendek/cepat
G3 | Komputer berbunyi TIT... TIT... TIT...
TIT... terus dan tidak berhenti sebelum
matikan
G4 | Komputer keluar Tulisan “DISK BOOT
FAILURE, INSERT SYSTEM DISK AND
PRESS ENTER”
G5  Komputer tiba-tiba tidak bisa membaca
flashdisk
G6  CD/DVD-ROM sulit terbuka/ terkunci
G7  Monitor berubah-ubah warna
G8  Flopy Disk menyala-nyala terus
G9  Komputer tidak mau hidup
G10 | Komputer mau hidup tetapi tidak mau
booting
G11 = Komputer mau booting tetapi selalu “safe
mode”
G12 | Komputer sering hang
G13 | Keyboard tidak dikenali oleh komputer
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G14 | Mouse tidak dikenali oleh komputer tidak terdeteksi oleh BIOS

G15  Komputer sering crash G20 Melacak kerusakan Card pada MB

G16  Bila produsen motherboard (MB) tidak G21 Pasang processor baru tetapi tidak terdeteksi
dikertahui G22 | Crash setelah memasang RAM baru

G17 | Lupa password BIOS G23 | Menambah RAM tapi tidak terdeteksi

G18 | Jam dan setting tanggal BIOS selalu G24 | Setelah menambah RAM proses komputer
berubah-ubah menjadi semakin lambat

G19 | Menambah perangkat hardware baru, tapi G30 | Sound card baru tidak terdeteksi
tidak terdeteksi oleh BIOS

G20  Melacak kerusakan Card pada MB Table 3.6 Errors in computer systems peripherals

G21 | Pasang processor baru tetapi tidak G6 « CD/DVD-ROM sulit terbuka/ terkunci
terdeteksi G7 | Monitor berubah-ubah warna

G22 | Crash setelah memasang RAM baru G13 | Keyboard tidak dikenali oleh komputer

G23 | Menambah RAM tapi tidak terdeteksi G14 | Mouse tidak dikenali oleh komputer

G24 | Setelah menambah RAM proses komputer G25  Monitor tidak menyala
menjadi semakin lambat G26 Monitor menjadi gelap saat leoding sistem

G25  Monitor tidak menyala operasi

G26 | Monitor menjadi gelap saat leoding sistem G28 | Ukuran tampilan monitor tidak sesuai
operasi keinginan

G27 | Tampilan tiba-tiba rusak dan komputer G29  Monitor seperti berkedip saat digunakan
menajdi hang

G28 = Ukuran tampilan monitor tidak sesuai An example of bayesian probability analysis with
keinginan

G29 | Monitor seperti berkedip saat digunakan A. Factor Cartainty/CF)

G30 | Sound card baru tidak terdeteksi Problems taken e.g. G1. G1 reads "the

Table 3.4 The basic error in computer systems

G1 | Komputer menyala tapi tidak ada tampilan
di layar

G2 | Komputer berbunyi TIT 3x pendek/cepat

G3 | Komputer berbunyi TIT... TIT... TIT...
TIT... terus dan tidak berhenti sebelum
matikan

G4  Komputer keluar Tulisan “DISK BOOT
FAILURE, INSERT SYSTEM DISK AND
PRESS ENTER”

G5 | Komputer tiba-tiba tidak bisa membaca
flashdisk

G8  Flopy Disk menyala-nyala terus

G9 | Komputer tidak mau hidup

G10 | Komputer mau hidup tetapi tidak mau
booting

G11 = Komputer mau booting tetapi selalu “safe
mode”

G12  Komputer sering hang

G15 = Komputer sering crash

G17 | Lupa password BIOS

G18  Jam dan setting tanggal BIOS selalu
berubah-ubah

G27 | Tampilan tiba-tiba rusak dan komputer

menjadi hang

Table 3.5 Hardware error on the computer

system
G16 | Bila produsen motherboard (MB) tidak
dikertahui
G19  Menambah perangkat hardware baru, tapi

computer turns on but no display on screen". If note
G1 enter the basic errors in the computer system. The
value of the degree of trust is 0.005 and value the
degree of distrust is 0.250. The value CF = 0.250,
based on the calculation below:

CF[P,E] = MB[P,E] — MD[P, E] )
CF[P,E] = 0,500 — 0,250 (5)
CF[P,E] = 0,250 (6)

B. Bayes Theorem

Still with the same problem later in the
analysis of the use of Bayes Theorem. Known
probability of emergence of evidence (facts) E if
known Hypothesis Hi is true = 0.500, probability
hypothesis Hi regardless of any evidence (facts) =
0.250, whereas for the value of the probability of the
emergence of evidence (facts) E without looking
hypothesis Hi = 1.000 and the probability of the
hypothesis Hi selah = (1-0.250) = 0.750. More details
formula can be seen below:

p(E) = p(E|H)p(H) + p(E|H)p(H" @)

p(E) = 0,500 x 0,250 + 1,000 x 0,750  (8)

p(E) = 0,125 + 0,750 = 0,875 (9)
_ p(EIH)p(H)
p(H|E) = HED (10)
0,500X0,250 _
p(HlE) = O,ST = 0,143 (11)
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C. Bayesian Network
Solution to the problem, namely:
1. Remove and then reinsert the memory/RAM
2. Clean the legs with the eraser
3. Tryto replace with a new memory/RAM
If viewed on a G3 i.e. Computer Beep ...
TIT. .. TIT. .. TIT ... continue and not stop before
switch off. There is an additional component of the
diagnosis that is mainboard/motherboard. On
augmented Solutions with: A faulty Mainboard
For it must be completed with a Bayesian Network.
By using Bayesian Probabilities, we can see
the value of the probabilities a component on the
computer system. The results of this analysis are
0.000 means computers under normal circumstances,
0.001-0.999 means there are troubleshooting on
computers and computer components means 1.000
damage.
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data less definite data is sure to be in the
identification of damage to computer hardware
components
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ABSTRACT Crash box is one of the passive safety components used to absorb impact energy due to
collisions result in deformation of the crash box itself to minimize human injuries. In this study, energy
absorption performance of Two Segment Crash Box (TSCB) is investigated under frontal load. TSCB design
shape is performed by using computer simulation. Crash test model components are impactor and two segment
crash box with frontal crash velocity of 7.67 m/s are selected. Crash box material of Aluminum Alloy 6061-T6
is used. The Response Surface Method (RSM) is used to predict optimal design of TSCB. The four factors are
diameter (D), upper length (L), upper thickness (Ut) and lower thickness (Lt). The result shows upper length has
a stronger influence on the contribution to increase energy absorption. The optimum design of TSCB is a model

withD=81.8mm, L=52.6 mm, Ut=2.5mmand Lt=2.2 mm..

Keywords: Two-segment Crash Box; Response Surface Method; Energy Absorption; Peak Load.

1. Introduction

In the recent years, numerous researchers
have studied the behavior of crash box, considering
the geometry, size, cross section and the loading
condition to enhance energy absorption [1, 2]. It can
be found that the energy absorbing capability of
circular crash box is better than that of square [3].
Deformation mode on circular crash box expected is
stable modes that it will be able to minimize the
buckling phenomena [4]. Crash box will show plastic
deformation during crushing by collapse and
sequential folding process. Controlling plastic
deformation process is often the primary design
aspect of crash box and already many research has
gone in the field and focus on behaviour of collapse
and sequential folding process. The study of circular
crash box modification design has been extensively
studied within adding component. In previous study
of multi crash box segments used are two segments,
three segments with a sequence diameter and three
segments with alternating diameter. From this result,
it can be denoted that high increasing of energy
absorbed was occurred in the middle of collision
when the deformation flow started to penetrated into
the second segment [5]. This crash box design can be
produced by using different materials in each
segment. Hybrid material of alumunium and steel
crash box was investigated in order to reduce crash
box weight up to 17.5% [6]. In other study, initiator
folding design is commonly used in the design
practice of energy absorbing structures. The trigger
reduces the peak crushing load and induces
progressive folding avoiding the global bending
mode. The imperfection types corresponding to
simplest collapsing mode are used by initial hole on
crash box design [7-8].

Furthermore, optimization techniques have

been applied in structure design due to faster
computers and better algorithms. In this paper,
optimization of Two Segment Crash Box (TSCB)
under frontal loading is undertaken using Response
Surface Method (RSM). The parameters of the
structures, such as the diameter, length and thickness
of the double tubes, were optimized.

2. Methods

For the finite element analysis, the
geometrical model is established and then frontal
load analysis completed by using ANSYS ver 17.1
software. Crash test model components are impactor
and two segment crash box with frontal crash
velocity of 7.67 m/s are selected. Crash box material
of Aluminum Alloy 6061-T6 is used. Crash box
material is used for the shell element, and it
corresponds to elastic—plastic isotropic thin shell
material models. The Response Surface Method
(RSM) is used to predict optimal design of TSCB.
The design variable of crash box design is
determined on variation of diameter (D), upper
length (L), upper thickness (Ut) and lower thickness
(Lt). Table 1 shows the optimum domain with lower
and upper bound level. The geometry of TSCB
design can be seen in the Fig. 1. By using Central
Composite Design of Design of Experiment type, it
can be set the response surface technique for 26
design sampling models [9]. The Screening
optimization method uses a simple approach based
on sampling and sorting. It supports multiple
objectives and constraints as well as all types of input
parameters. Configuration is set as default option
(generate 1000 samples and find 3 candidates). Meta
model is applied as full 2nd order polynomial.
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Table 1. The optimum domain with lower and 3. Results and Discussion
upper bound level Table 2 shows three candidates of optimum design.
Lower Bound | Upper Bound Candidate number 1 is chosen due to meet the
Diameter (D) 65 mm 85 mm requirement of higher enegrgy absorption.
Upper length 50 mm 75 mm
L Table 2. Three Candidate Points
Upper 1.6 mm 2.5mm Candidate | Candidate | Candidate
thickness (Ut) Point 1 Point 2 Point 3
Lower 1.8 mm 2.2 mm Diameter 81,8 mm 77,9 mm 73,1 mm
thickness (Lt) (D)
Upper 52,6 mm 53,2 mm 54,1 mm
length (L)
Upper 2,5 mm 2,39 mm 2,49 mm
thickness
(Ut)
Lower 2,2 mm 2,16 mm 2,12 mm
thickness
Two segments crash box (Lt)
Internal 9162,41 8839,4J 8753,11
Energy
Fixed base Maximum

Fig. 2 shows sensitivities from optimum TSCB
design; it can be determined stronger effect of input
parameter for each output parameter. The result
shows upper length has a stronger influence on the
contribution to increase energy absorption. This
condition is occurred due to the folding mechanisme
produced stable mode on this section.

Fig. 1 Crash box modelling

0.8
0.6
0.4
N
0
02 W Diameter (D)
Upper length (L)
-0.4
Upper thickness (Ut)
-0.6 B Lower thickness (Lt)
-0.8
Fig. 2 Plot of sensitivities of TSCB design parameter
From the computer simulation result, it can be sectional of crash box is typically symmetry, and
shown that deformation process occurred on the final deformation produce different mode on
optimum TSCB design is tends to axial mode (Fig. lower section as triangular folding shape (Fig. 4).

3). The deformation pattern of circular cross
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Fig. 4 Final deformation (upper view)

From deformation pattern connected with absorbed
energy has showed that optimum design of TSCB
absorbs increasing energy at the beginning of
condition. Energy absorption start increased again
at the boundary area of the first and second
segments as a result of increasing inertia (Fig. 5).
In the lower section, deformation mode change to
triangular folding shape, but the number folding is
increased correlated with increasing energy
absorption occured.

8,8666e+6

7,5¢+6

6,25e<6

o
v
o

Total Energy (mJ)
]
b
h
&
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Fig. 5 Relation between absorbed energy and
time function of optimum TSCB model

4. Conclusion

Optimization of Two Segment Crash Box
(TSCB) under frontal loading is undertaken using
Response Surface Method (RSM). The result
shows lower thickness has a stronger influence on
the contribution to increase energy absorption. The
optimum design of TSCB is a model with D = 81.8
mm, L =52.6 mm, Ut =25 mm and Lt = 2.2 mm.
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Abstract Salt and fresh water is a very important need for the human body. Several regions in Indonesia are
often shortages of salt and water at a certain times. It is anomalous for Indonesia as a maritime country that has the
second longest beach in the world. Seawater distillation using solar power to be salt and fresh water is one of the
alternative solutions. Utilization solar energy for seawater distillation into salt and fresh water is a utilization of
alternative energy. The purpose of this study was to test the solar distillation performance to produce salt and fresh
water. Distillation conducted by putting seawater into the basin, then heated using solar energy. The water will
evaporate and condense on the surface of the cover glass distillation. Heating process carried out until the water
evaporates and the depleted salt obtained. The research results showed 6,000 ml seawater processed by solar
energy using reflector will produces salt 199.9 gr/3 days and fresh water 1,551 ml / day.

Keywords: Distillation; solar energy; salt; fresh water and seawater.

1. Introduction

Fresh water is a necessity of everyday
society, especially for drinking and cooking.
Whereas salt is an electrolytes source for human
body. Governments are still unable to fulfill the
society needs of salt and fresh water. Until now,
Indonesia still has to import salt to meet domestic
demand. It is anomalous for Indonesia as a maritime
country that has the second longest beach in the world.
The seawater within Indonesian waters is a potential
raw material for fresh water and salt. There are
several ways to process seawater into fresh water and
salt, one of them is by using a solar energy
distillation. Some of solar distillations advantages
are included lower cost of manufacture and
maintenance, and easy to operate as it does not
require high technology. Generally, solar energy
distillation is composed of absorber plate, which is
used to absorbing solar radiation and converts it into
heat energy that would heat the seawater on it to
evaporate the water. Cover serves as a place to
condense water vapor to produce fresh water. Solar
distillation performance measured through the
amount of fresh water and salt that can be produce
per unit time.

There are several factors that influence the
productivity of fresh water and salt, such as the plate
ability to absorb solar energy, the ability of the glass
to condense water vapor, the water level in the
distillation apparatus, also solar radiation intensity.
Absorber plate should be made of high thermal
conductivity material and good solar absorption.
Glass cover should not be too thick, because it will
save a lot of heat so that the water vapor would be
difficult to condense. The Water in the distillation
equipment should not be too high because it will

prolong the water evaporation process. However, if
the water in

the distillation equipment is too low, then the
distillation equipment could be damaged due to
overheating (usually cover glass will shatter). This
study aimed to test the performance of solar
distillation using a reflector and without reflector.

Some studies about processing seawater into
fresh water and salt using solar distillation test
equipment has been carried out, among other things
by; Sumarsono M (2006) examines the performance
analysis distillation-based solar power roof type tilt
angle.  Mulyanef et al (2012) conducted an
experimental review to improve the performance of
solar distillation basin three levels using multiple
heat storage material, resulting in 1,407 ml of
condensate at an average intensity of 425 W / m2.
Hidayat RR (2010) designed a separator of salt and
fresh water using solar energy, with an area of the
collector (220x120x5) cm2, the type of cover glass
collector two tilted at an angle of 400, using 20 liters
sample of sea water, produced salt 621 grams for six
days testing, and freshwater 3.186 liters / day. Dwi
Setiadi F (2012) designed separator terraced salt and
fresh water using solar energy, with a collector area
(240x220) cm2, and the angle of collector 400, can
produce fresh water 2.603 liters / day of salt and 623
grams per six days of testing. Mulyanef et al (2014)
also conducted an experiments of processing devices
of sea water into salt and fresh water using solar
distillation glass type cover a slope. From 10 liters of
seawater, obtained 1,360 ml/day of fresh water and
salt as much as 342 grams per five days of testing
with an average intensity of 542 W / m2.

August, 30™-31%, 2016 | 153


mailto:mulyanef@bunghatta.ac.id
mailto:smulyanef@yahoo.com

Proceeding of The 3" Engineering Science And Technology
International Conference (ESTIC) 2016, Padang Indonesia

ISSN 2548 — 8902 Vol. 3
Published Januari 2017

2. Methodology
2.1. Place and Time Research

The study was conduct in May and June 2016.
The tests were conduct every day from 7:00 to 17:00,
next to Performance Engineering Laboratory,
Department of Mechanical Engineering - University
of Bung Hatta.

2.2. Materials and Test Equipment

This research material is seawater, that taken
from the coast of Padang as much as 6 liters.
Measuring  instrument used is  solarimeter,
thermocouples, measuring cups, scales, and
thermometer. There are two solar distillation used for
testing, ie with reflector and without reflector. Each
distillation has the size of (0,80 x 0,50) m2.

2.3. The working Principle of Solar Distillation

Solar radiation get into collector through the
transparent cover glass toward the absorber plate,
solar radiation converted into heat at the absorber
plate. The seawater in the basin will be hot; the
water evaporates and attaches the inner glass cover,
because of the temperature difference between inside
the basin with condensation environment. Water
condensation on the cover glass stuck inside, and
flows down following the slope of the cover glass.
Fresh water as the condensation product is collected.
The salts produce through continuous heating of
seawater and leave the salt crystals. Figure 1 displays
a solar distillation to process seawater into freshwater
and salt.

Figure 1. solar distillation to process sea water
into freshwater and salt

3. Results And Discussion

The parameters of this study are the
temperature of seawater, the glass temperature, the
absorber plate temperature, evaporation temperature,
environment  temperature, solar intensity,
productivity of fresh water and salt. Temperature is
the external factors that affect the productivity of
solar energy distillation.

In the analysis, the testing data and the calculation is
shown in the chart performance solar sea water
distillation, comprising; the relationship charts
between solar intensity and freshwater productivity,
the relationship graph between the solar intensity
with absorber plate temperature, productivity charts
of salt and fresh water.
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Figure 2 The relationship between solar intensity
with Total Mean Condensate for Solar Distillation
Using Reflector

Figure 2 shows the relationship between the
averages of solar intensity with productivity of fresh
water produced by solar distillation using a reflector.
The above graph shows that the freshwater
productivity produced increase by the increasing of
intensity of the sun. The first day of testing showed
the highest solar intensity, 720 W / m2 and
freshwater produce an average of 1,551 ml, while the
lowest solar intensity occurred on the third day of
testing 586 W/m2 and produces 729 ml condensate.
Thus it can be said that the higher the intensity of the
sun, the faster the evaporation of seawater, and the
more the productivity of freshwater solar distillation.
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Figure 3. Variation of the absorber plate
temperature, sea water temperature and ambient
temperature

Figure 3. Showing the average temperature
(the absorber plate temperature, sea water
temperature, and environment temperature) of
distillation using a reflector during testing. The
above graph shows that the increasing of absorber
plate temperature will also increase the sea water
temperature in the basin and the environment
temperature.
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Figure 4. Productivity of Salt and Freshwater of
Solar Distiller Using Reflector

Figure 4 showing the productivity of salt and
fresh water solar distillation using reflectors for three
times of testing. Second sample shows the highest
amount of salt and freshwater of 199.9 grams of salt
and 3,541 ml fresh water. Salt content is getting
lower in the third sample testing, that is 157.9 grams
and 3,354 ml of fresh water. The time required to
produce a salt that is 3 days. The higher the solar
intensity, the faster the evaporation, and the shorter
time to produce the salt and fresh water in the solar
distillation. Salt productivity is strongly influence by
seawater sources used. The salt produced from solar
distillation by 3.3%, whereas the salt levels standard
in the sea water, which are far away from the coast
and estuaries ranged between 3 - 3.5%.
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Figure 5 Comparison of Fresh Water Productivity
Produced by Both Solar Distiller

Figure 5 showing the productivity of fresh
water produced by both solar distillations. Solar
distiller with reflector needs 3 days to produce fresh
water (3,541 ml), while distillation without reflector
takes 5 days to produce fresh water (3,489 ml). This
is due to the solar distillation with reflector produces
higher heat. Thus, the seawater in the basin can
evaporate more quickly to produce more fresh water.

4. Conclusions

o Distiller with reflectors generate higher
productivity, with a 6 liter volume of sea
water in the basin, spacious collector 0,80m
x 0,50m and an average solar intensity of
656 W/m2 can produce condensate or fresh
water as much as 1,551 ml per day and salt
199.9 grams for 3 (three) days of testing.

e Salt and fresh water productivity of can be
improve by increasing the distiller area and
reducing heat loss.
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Abstract PT.XYZ isapharmacy company and produce various medicines . For last 3 years the sales of the
product had been significantly increased , so to cover al demands, the company added some machinein
production section. This condition the increasing production target do not followed by relayout of the
warehouse, so it cause the disorder warehouse to cover all production over its capacity. Beside that the
arrangement or relayout this warehouse was not in good plan. Asthe result this warehouse was in disorder,
narrow paths, even there were products that placed outside of the warehouse and those factors were obstacles to
gain successful perform. This final task conducted the relayout warehouse of finished products by using ABC
layout. It isarelayout that used classification ABC approach , based on product movement frequency . The
type of the relayout warehouse was straight line current or simple current with criteriato minimize the back and
forth movement that focus on effective product movement. Based on the research obtained that relayout
warehouse of finished product by applied simple current was better applied in this company because the
arrangement of the products had been settled based on product movement frequency . The products with
significant movement was placed near to shipping area, and the product in less frequency movement was placed
in reception area of the product, From that setting, it can minimize the back and forth movement about 71.21%

K eywor ds. Relayout; warehouse; finished products; movement of frequency; ABC layout.

1. Introduction

Facility plan has a broad subject and able to
apply in manufacture industry or service. Thus, all
of the facilities are able to use through good plan and
make them become effective and efficient. A
warehouse is needed facility for a manufacture
company. During these period of time function of a
warehouse Is to storage the products. Generdly, a
manufacture company is differentiating between
storage of raw materials and the products. The
available of good storage area and the arrangement of
layout are necessary to support the smoothness of
production. The purpose of the arrangement to
minimalist back and forth movement, to ease the
movement of the products and reduce time
processing.

Engaged to re layout of the products facility,
there are some related researches. Those researches
are limited on the border of re layout of work area
and arrangement of machines layout in production.
Some criteria of performances that often to usein re
layout are optimum usage of wide floor, minimize
the freguency of movement material and cost of
movement material.

PT.XYZ is a pharmacy company that
produce medicines. Based on last 3 years data the
entire sales of the products that produced by PT.
XYZ had significantly increased. The increasing of
the amount of the product do not followed by the
plan of re layout of the warehouse to storage the
products. As the result the condition of the
warehouse become in disorder with narrow paths and
the in-out of products” movement become interrupted
(picture 1). Frequently, a warehouse officer has
trouble while sending the products to the consumers
that applied FIFO system (First In First Out). To
overcome this problem, this research employed
relayout warehouse of finished products based on the
frequency of the movemen_tﬂproducts

Picture 1. ExistingCondition

2. Material and Methods
The information about this research, as follows:
a.  Finished products by PT.XYZ is medicines that
consist of 30 items. Based on it form of the
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medicines are liquid, powder, and ointment.
Meanwhile, the kinds of medicine consist of
OTC drugs (over the counter) and free
unlimited drugs ( in W list). The entire of
finished products items saved in warehouse of
finished product in carton wrapping in several
sizes.

b. The area of warehouse of finished product that
will be designed do not change which is width

162m2 , length 18m and breadth 9m. b.

C. Speed assumption of operator Is 80,45 m/ mins

The steps of re layout warehouse of finished products

processes, as follows:

- Frequency of calculation products movement
Movement frequency is an identification toward
a line of in- out product from one production
area in certain time. In this research the
calculation of the frequency of the movement in
3 periods of time for 30 items of finished
products

- Finished product grouping into ABC
classification
Whole finished products item grouped by using
ABC method. Classify A is product with faster
movement, classify B for a medium product
movement, and classify for slow movement
product.

- Determination of Inventory Level
Determination inventory level in plan of re
layout warehouse of finished product used

Throughput diagram. This diagram show the line C.

of input and output. It shows the supply of the
finished product in every time, whether
maximum supply, average supply and supply in
the end of period time.

- Relayout warehouse of finished product
Perform the re layout warehouse of finished
products used straight current line method. This
method is compatible with available facility
which does not use belt conveyor and area of
acceptance and the area of finished product
shipment in different side of areas.

3. Resultsand Conclusions

a. Frequency of product movement
The first step that must do in re layout
warehouse by pay attention to product
movement theory is know the frequency of
product movement. This frequency of product is
an identification process toward line of input and
output productymaterials from hean area
production in once certain time. By employed
the calculation of frequency of product
movement, and it shows the product or material
which has faster frequency movement , medium,
and sow. Thus, in re layout warehouse the

placed in acceptance area. In this research the
calculation of frequency product movement
calculate for each product item in 3 period of
time. Period 1 is 31 days, period 2 is 31 days and
period 3 is 30 days. The data of total product that
become the subject of this research was 30
finished product items which consist of liquid,
powder and ointment medicine.

Grouping of ABC classification

After the frequency of input and output had been
known for whole finished product, then the
finished product arrange based on the output
frequency of the warehouse and grouped used
ABC classify method. The products that
included in classification A is the faster
movement product, classification B is medium,
and C is slow movement frequency. In period 1%
had 6 product items that include into
classification A, 7 item into B, and 17 into C.
meanwhile for period 2™ and 3 in sequences
the total of product item that include into
classify ABC were 6,10,14 and 5,7,18 product
item.

In item sequencing based on output frequency in
ABC classification, the sequence was from
higher to lower frequency. If the value is equal,
so it will concern from weight of the finished
product per box, which has heavy weight will be
on top than smaller one.

Determination of Inventory Level

To determine the inventory level in warehouse
design, used Througput Diagram which a
diagram that shows the input and output line that
occur in awork station. The input and output in
warehouse is the finished product for every time,
whether maximum supply, average and in the
end supply in once period of time. Picture 1 is
the example of caculation for level
determination of product supply AKL 200ml in
Throughput Diagram.

Jumlah Produk Jadi ( Box )

450
400
350
300
201 Maksimum Inventori
200 4 = Inventori Akhir
150
100

50 4

0

0 510152 25 30 3540 4550 55 60 65 70 75 80 85 90 9 100
Wektu (Hari )
—Cum. Output ~ —Cum. Input

finished product which has faster movement Figure 2. Throughput Diagram of product supply

frequency placed in close part of shipment area.
And the product which has dow movement is

AKL 200ml
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d. Relayout warehouse of finished product
Setting of re layout warehouse of finished
product was based on product movement theory
which consist of 3 kinds, they were re layout in
straight line or simple current, re layout U
current and the last one was re layout L current.

Generally, Re layout U current based on the use
of belt conveyor with line pattern start with input
product until output that shape U. then, for re lay out

straight line and L current does not use belt conveyor.

Based on the warehouse condition in the company,
so the reception area is on different side of the
building. For that reason the re layout warehouse is
executed based on the kind of layout straight line/
simple current.

The determination of the total product that
storage in the warehouse, refers to average of each
product per day that had been in calculating process.
Average of per day inventory for each product had
been grouped based on ABC s’ classification, that
become the reference to do re layout warehouse
where the product in classification A the product is
placed near to shipping area of finished product, so
the finished product in classification B is placed in
back of classification A, and finished product that
include in classification C is placed near to reception
area

Beside, determine the total finished product will
storage in warehouse and there are some
consideration in arrangement finished product in
warehousg, as follows:

=  Weight of the product/box

= Thewrapping form of finished product

- The postion placement for finished
product

= Labeling/ sign onracks

Based on the result of the research, it can be
concluded that the proposa of re layout warehouse
give significant contribution in searching product
because code and products location are clearly seen
when placement or taking of the product. The result
of the design is able to minimize back and forth
movement about 71.2% it can be seen from output
frequency of the products that comes from the
warehouse, since in 3" period was 365 times than
1268 times than beginning of placement.
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Abstract The common problem faced on small and medium industry is the ability to produced product with
good quality and competitive price. This is because of production process not standardized yet. Beside that
production area not arranged well which effect to waste in production area. One way to solve this problem is
made improvement in production area and rearrange production layout. The purposed of research was to
improved line production of thresser machine to increased production lean using line balancing concept 5S
method and layout design approach. Result of improvement production line shows decreased in balanced delay
from 63.89% on existing condition to 15.14% on proposed condition with line efficiency about 84.86%.
Proposed layout design shows that efficiency on working space area about 15.4%. Reduced on space area gave
an effect to efficiency on material handling cost (MHC) about 24.17%.

Keywords. Lean concept; line balancing concept; 5S; material handling cost; systematic layout planning.

1. Introduction

The most industry growth in Padang city is
small and medium sized industries which based on
agriculture and forest, metal, machine and electrical
industry, chemical industry and others. The common
problem faced on small and medium industry is the
ability to produced product with good quality and
competitive price. This is because of production
process not standardized yet. Beside that production
area not arranged well which effect to waste in
production area. Waste on shopfloor is defined as all
things which not give value added and disturb
production process such as waiting time, defect,
unnecessary activities and not optimal in using
production area. In some cased, waste occurred when
facilities layout not design well which cause back
tracking in production flow, high cost on material
handling and unused space area.

Good design on facilities layout will give
positive contributes to optimization on production
process and a the end can keep company
sustainability (Purnomo, 2004). Because of that, it is
important to make a good design of facilities layout,
so that can minimize cost of production. According
to Wignjosoebroto (2003), 50%-70% of all
production system activities is material handling
activities, which efficiency rate determined by
production facilities layout. Materia handling
activity that design well, positively will increased
company profit as well as increased production
capacity, working condition and quality of product.

Research on production facilities layout had
been conducted by some researcher with different
approached. Hojjati (2011) and Zhenyuan (2011)
conducted research on production layout with
integrated lean production and 5S method without
considered facilities layout concept. Abdalla (2013)

used some tools on decision anaysis such as
Analytical Hierarchy Process (AHP) to choose the
best alternative layout. Otherwise,Shahin (2011)
integrated some tools such as Fuzzy Analytical
Hierarchy Process (FAHP) and Quality Function
Deployment (QFD) for layout design.

Based on previous research, this research had
been conducted to design production facilities layout
that integrated with line balancing concept and 5S
methods. The 5S methods had been used to arrange
working area and line balancing concept had been
used to improve production line. Fina step,
systematic layout planning (SLP) method had been
used to design all facilities layout. At the end, this
improvement will increased production lean, so that
can minimized material handling cost.

2. Material and Methods

In order to achieve research objective, this
research had been conducted following some steps,
which are:

1. Balancing of production line activities with line
balancing method.

2. Arrangement production area with 5S method.
The 5S concept was design to reduced waste
through arrange, clean and maintains routine
activities in order to working properly (Osada,
2002). This is because implementation of 5S in
organization can keep sustainability and flow
efficiency of activity and give an effect to
reduced material, motion, time and space area to
do activities (Al-Aomar, 2011; Pusporini and
Andesta, 2009; Robinson and Schoereder, 2009).

3. Design facilities layout with systematic layout
planning (SLP) approach which developed by
Muther. Criteria to get the best proposed facilities
design was efficiency of total space area, material
handling cost and total movement.
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3. Result and Conclusions
3.1. Balancing of Production Line

The objective of balancing pf production line
was to distributed work units on work stations to
minimize delay time, so that can maximized utility of
machine and operator. Performance of line balancing
is pointed out by balance delay (D) and balance
efficiency (Eb). Balance delay and balance efficiency
of existing layout were about 63,89% and 36,11%.
This is mean that overall delay time in production
line was 63.89% with utility about 36,11%. This is

pointed out that production line of existing layout
was not balance. This was because difference of
cycle time for all work station. For that reason, it was
need to improved production line to increased utility
of work station and reduced delay time by used line
balancing methods. There were 3 methods used to
improved production line, that were heuristic method
by ranked positiona weight (RPW), Optimal best
bud search and COMSOAL . Result of line balancing
used WinQSB 2.0 software are presented in Table 1.

Table 1. Comparison of Actuacl ProductionLine and Line Balancing Result

No Criteria Ac.tual Line Balancing
Line
Heuristic ~ Opt. Best Bud
(RPW) Search COMSOAL

1 Noof work station 12 4 4 5

2  Cycletime (second) 7750,58 7750,58 7750,58 7750,58

3  Balanced Delay (%) 63,89 15,14 15,14 32,12

4 Efficiency (%) 36,11 84,86 84,86 68,88

Result of line balancing methods as shown in
Table 1 pointed out that line balancing methods gave
a better balance delay than actual condition. Among
three methods of line balancing, there were two
methods which gave same result, that were heuristic
method and optimal best bud search. The results
show that balance delay of production line about
15.14% with efficiency about 84.86%. This is mean
that utility of production line increased about 48,75%
from actual condition. Result of line balancing then
has been used to design proposed facility layout of
thresser machine.

3.2. Arrangement of Working Area with 5S
Concept

First step of 5S implementation is sort (seiri)
for all working area. Existing condition and sort of
one work station show in Table 2. Table 2 shows that
in rolling machine area, there were some unnecessary
item such as empty tins and unused material. Those
unnecessary items are waste for rolling machine area.
It is mean that, reduced those items will give an
efficiency to total space area. In order to reduced
unnecessary items, proposed of working area for
rolling machine had been design as shown in Figure
1

of RoIIin Macin

Big and small rolling machine
Material before process
Material after process
Working instruction display

Table 2. Existing Condition and Sorting

E -~ '13": pi =

Unnecessary
Unused material (corrosion, reject, not used
in rolling process, scrap)
Empty tins
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Figure 1. Proposed Design of Rolling Machine Area

3.3. Proposed Facility Layout Design

First step in redesign of facility layout is
examined existing layout condition. Result of line
balancing for existing condition shows high delay
time on production line, which is overall delay time
about 63,89%. Using line baancing method,
proposed production line can reduced delay time
about 48,75%. This proposed production line was
input to design new layout facility. Besides balancing
of production line, existing condition also examine
with 5S concepts. The 5S result shows all necessary
items for al working area. This necessary item had
been used to arrange working area, so that can
optimize in using space area for al work station.
The next step was determined material handling cost
for existing layout. Material handling cost is cost that
occurred in manufacturing because of movement
activity such as material movement between two
working area. Result of total movement distance of

existing layout was 26.471,4 m with total materia
handling cost about Rp.316.135,-.

The next step was design proposed facility
layout with systematic layout planning approach
which develop by Muther and FLAP software to
choose best layout alternative. FLAP is a quantitative
method that used length and width of working area,
number of working area and matrix flows between
machines as input. Result of line balancing method
show that there are 4 work stations and layout of
every work station will design by FLAP. The last
step was design overall layout which consist of work
station, storage and warehouse. Result FLAP for
overall layout shown in Figure 2. Based on FLAP
result, total movement distance and material handling
cost of proposed design had been determined.
Comparison of existing layout and proposed layout
has shown in Table 3.

Figure 2. Overall Proposed Facility Layout using FLAP

Table 3. Comparison of Existing and Proposed Layout

Existing Proposed D Efficiency
Work Station 48,75
Efficiency (%) ol i -
Total S(‘ﬁqa%e Area 754 637,954 116,046 15,40 %
MHC (Rp/month) 316.135 239.739 76.396 24,17 %
Total movement 26.4715 19.860 72114 24,98%
distance (m)
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Total movement distance with FLAP about
19.860 m with total space area about 637,954 m with
length 23,3 m and width 27,38 m. table 3 shows that
efficiency on space area about 15.4% from existing
layout. Proposed layout also shows efficiency on
total movement distance about 24.98%. Efficiency
on space area because of on proposed layout
unnecessary items are reduced from area, so that
waste on space area can reduce and impact to
minimize of total space area. Minimized of total
space area then affect to minimize of material
handling cost about 24.17%. Beside, efficiency also
shows on time efficiency as impact of reduces on
total movement distance. Time efficiency because of
reduces on total movement distance is equal to 0.5
unit product per month. If examine from production
cost, it will cause saving about Rp.2.100.000,- from
0.5 product per month. So that total efficiency
because of proposed layout about Rp.2.176.396,-.

3.4. Conclusion

Result on balancing of production line shows
reduce on balance delay from 63,89% to 15,14%. It
is mean, improvement on production line balance can
reduced delay time about 48,75%. 2. Using of 5S
concept, all working area can arrange more efficient
because every working area only has material, tools
and activities which necessary. 3. Proposed layout
design show efficiency on total space area about
15,40% which impact to reduced on material
handling cost about Rp. 76.396 per month. Overall,
proposed layout give cost efficiency about Rp.
Rp.2.176.396,- per month.
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