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associated with particular field. Submitted papers should meet the internationally
accepted criteria and manuscripts should follow the style of the journal for the purpose
of both reviewing and editing.
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WATER CONDITIONING REFRIGERATION SYSTEM
DESIGN AND CONSTRUCTION FOR LOBSTER
CULTIVATION

¥ Refrigeration and Air Wardika ?, Yudhy K 9, Hadi Prasetyo ¥, Sintya Haula H. ?
Conditioning Engineering

Department, Indramayu State . . - - ——
Polytechnic, Street Lohbener This research is to determine the cooling burden of the water conditioning

Lama No. 08 Lohbener, system for lobster conditioning, where water must be conditioned to its
Indramayu, Indonesia temperature by its 21°C conditioning. This device uses steam compression
systems precisely by utilizing water conditioning systems to condition water to
stay awake at a temperature of 21°C, The method used in this study was to
determine the volume of the water tank and its cooling capacity by calculating
the cooling load calculating the heat load through the walls of the water tank
and other heat generated. For lobster cultivation, an air conditioning machine
with a capacity of 0.5 PK was used. Following a 3-hour test of the performance
of the system, the following results were obtained: evaporation temperature of
15.2 °C and a product temperature of 21 °C obtained a Carnot COP of 7.11, an
actual COP of 5.87, and an efficiency of 82.55%. This is in accordance with
Design Carnot COP 8, actual COP design of 6.7, and design efficiency of 83%.

Correponding email ¥ :

wardika@polindra.ac.id

Kata kunci : Lobster, Cooling Load, COP, Efficiency, Refrigeration

1. INTRODUCTION

Freshwater lobster is a freshwater fishery commodity that has the potential to be developed as a
cultivation commaodity. In addition, this freshwater crayfish has a fairly high nutritional content, especially protein,
and has a character that is not easily stressed and is not easily attacked by disease if the feed requirements and
water quality are good. In good freshwater crayfish cultivation, the water quality is usually around 21°C to 28°C.
With a degree of acidity (pH) in the range of 6-8, the maximum ammonia content in the water is 1.2 ppm, and the
turbidity level is 30—40 cm [1]. In research (Hiwari 2018), it is also stated that water quality is also an important
factor that must be investigated for the suitability of this lobster cultivation for the survival of the lobster to be
cultivated [2]. Specifically, to maintain the quality of the water temperature between 21°C and 28°C. Research
(Kurniasih 2008) states that freshwater crayfish (Cherax) habitats are shallow water flows and fresh water, such
as lakes, swamps, and rivers. If the depth is less than 0.8 meters, it will cause death due to changes in temperature
during the summer. The optimum growth of freshwater crayfish (Cherax) is in the temperature range of 21°C te
29°C Temperatures that are too low or too high will interfere with growth, with a tendency to immerse themselves
in mud or become inactive [3]. In research (Roskiana et al. 2018), researchers conducted research on the use of a
refrigeration system to cool water for hydroponic media because farmers experienced obstacles caused by the air
temperature in Indonesia, which was too high so that it affected the results of hydroponic plant growth and resulted
in good engine performance [4]. Therefore, this research will also utilize the air-conditioning (AC) refrigeration
system for conditioning the water temperature in lobster cultivation.

Refrigeration is a process of absorbing heat in an object where each object will have a heat content whose
amount depends on the temperature of the object [5]. The vapor compression refrigeration system is basically a
system with an energy balance where the energy absorbed by the evaporator comes from the product discharged
by the condenser through water or other cooling media in the system. This system has four main‘components,
where each component has an important role in the running of the system. The 4 main components of the
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refrigeration system are the compressor, condenser, expansion, and evaporator [9].

Pressure-enthalpy diagram for a standard vapor-compression cycle

Two=-Phase

Pressure

Enthalpy

Figure 1 Vapor Compression Cycle P-h Diagram [10]

Based on Figure 1 Pressure-enthalpy diagram for a standard vapor-compression cycle, this vapor
compression system also has 4 cycles where refrigerant vapor (freon) is compressed in the compressor and then
condensed into a liquid in the condenser. The refrigerant liquid pressure is lowered in the expansion device
(capillary pipe or expansion valve) so that the refrigerant is in liquid form and can then evaporate in the evaporator
[6].

So, in this study, the air conditioning (AC) refrigeration system is no longer a food conditioning device
but will be applied as a tool that will help condition water temperature in freshwater crayfish cultivation.

In this study, the authors will collect experimental data regarding system design and system performance,
time, the value of COP (Coefficient of Performance), and to determine the cost of using a water conditioning
system for lobster cultivation.

Thus, it is possible to determine the effectiveness of the air conditioning (AC) system in the lobster
cultivation water conditioning system, as well as to determine the feasibility of system performance in terms of
system performance, including the COP value, and the success of system design in lobster cultivation.

Based on research (Effendi and Setiawan 2016) entitled "Design of Refrigerated Sea Water (RSW) Dry
System on 58 GT Fiber Plywood Fishing Vessel with 45 M3 Hatch Capacity" states that Refrigerated Sea Water
(RSW) has several pipes that function to suck seawater to be processed into cold water and then connected to the
fish storage hatch. In this study, RSW uses a capacity of 40 HP with refrigerant type R22. The results obtained
from this study are that it takes 2 hours to reduce the temperature to 0°C and to reach the hold temperature of -
23°C it takes 3 hours. The high pressure reaches 140 Psi while the low pressure reaches -10 Psi. and obtained a
COP value of 4.5708 [7].

Based on research (Education et al., 2014), in a study entitled "Increasing COP (Coefficient of
Performance) Car AC System Using Condensed Water," it states that coefficient of performance (COP) is one of
the indicators in the refrigeration system that determines the work of the system. COP itself is a comparison
between refrigeration capacity and compressor power. Performance (COP) can also be defined as the ratio between
the refrigeration effect and the compression work required to compress the refrigerant in the compressor.
Therefore, the greater the performance value (COP), the better the performance of the refrigeration system. The
greater the performance value (COP), the more efficient the refrigeration machine. Factors that affect the COP
value include the impact of refrigeration and changes in compression work [8].

2. METHODS

This research uses the design method. The design method was carried out to obtain design data, machine
manufacture, and performance testing of the water conditioning refrigeration system for lobster cultivation. The
following is a flowchart of this research, which is shown in Figure 2.
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Figure 2 Implementation Flow Chart

The design carried out in this study started with making lobster racks with a height of 1.5 meters, a length
of 83 cm, and a width of 63 cm for lobster storage of 1 package lobster/pond, then continued with the manufacture
of two loser ponds made of plastic with The size is 55 cm in diameter, 87 cm in length and 27 cm in depth, so that
in two ponds the number of lobsters is 20. In addition, in this study, using a compressor with a capacity of 0.5 PK
and one evaporator, and adjusting the size of the evaporator to the suction pipe, the condenser used is a type of air-
cooled condenser with a fan whose capacity is equal to the capacity of the compressor, while the expansion device
uses a capillary tube with a length and diameter are adjusted to the compressor capacity.

Of the four components that are already available, the assembly process is carried out with the equipment
and materials that have been provided to form a unit according to the design. This tool will be used for research,
so it will be designed and built in such a way that it can be used as research for all of you. This unit will be designed
to produce water at a temperature of 21°C, and this cooling system will use refrigerant type R32.

The calculation of the cooling load is divided into several parts, namely the calculation of the wall cooling
load and the calculation of the product cooling load. Count the burden of cooling the wall, that is:

Qwall =U x A x At (Equation 1.1) [9].

Where:
Qwall = Heat Load on the Wall (Watt)
U = Heat Transfer Coefficient on The Wall (Watt/m?. K)
A = Room wall surface area. (m?)
AT = The difference between the ambient temperature and the room (K)

To get the value of U, obtained by the following equation,
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fi
N s

Figure 3 Cabin Material

§] = 1 (Equation 1.2)
1 x1 1
fitiatro
Where:
fo = The coefficient of convection in the environment (Watt/m?. K)
k1 = The thermal conductivity of the nth wall layer (Watt/m.K)
X1 = The thickness of the nth wall layer (m)
f1 = The coefficient of convection in space (Watt/m?K)

Water Tank

inlet pipe

Outdoor System & Panel Box
(Condenser , Compressor and Expansion) ‘Cooling Tank, (System Control)

(Evaporator)

Figure 4 Lobster Cultivation Water Conditioning Device Design.

Table 1 Cooling tank wall material

Cabin Construction Thickness (m) Conductivity ~ Thermal Conductance

(Wim.K) (W/m2.K)
Inside air (fin) - - 9.37
Plastic 0.002 0.15 -
Outside air (four) - - 22.7

By using equation 1.2,

U = % (Equation 1.2)

1 k1 fo

Then the resulting wall load of 6,12 W/m?K.
To calculate the heat load generated by the walls in the cabin, namely:
Q =UxAxAT
=6.12W/m2 K x 1.25m? x 11 K

= 84.15 watt

Journal of Engineering Design and Technology
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3. RESULTS AND DISCUSSION

Table 2 System Performance Comparison

Variable

System Test

System Design

The Cooling Tank Temperature (°C)
Evaporation Temperature (°C)
Condensing Temperature (°C)
Discharge Pressure (bar)

Suction Pressure (bar)

qw (kJ/kg)

qc (kJ/kg)

ge (kJ/kg)

Rate of Refrigerant Mass Flow i (kg/s)
Qw (kW)

Qc (kW)

Qe (kw)

COP actual

COP carnot

Efficiency (%)

Current (A)

Real Power (watt)

21
15.2
55.7

36
13,5

40
275
235

0.0093
0.34
2.37
2.03
5.87
7.11

82.55

1.2

244.64

21
10
40
30
11
35
270
235
0.0108
0.378
2.9
2.5
6.7
8
83
1.7
299.2

The results from the data above show that the design with the test results is not much different in value,
so that the design of the water conditioning system for lobster cultivation can run well. From the results of
electricity consumption for one month, it is more efficient than other freeze dryer designs. The results of this study
can be distributed to public services because electricity consumption is very efficient and this design is very easy
to use for the general public and has used very sophisticated technology to regulate water temperature conditions

for lobster cultivation.

The following is a data graph of the performance of the air conditioning system for water conditioning

in lobster cultivation.

COP Actual
BR R R
RPNWPRARUIONOOOORLNWRAW

The actual COP system against time

Figure 5 Actual COP of the system

Figure 5 above explains that the actual COP of the test results has an actual COP value of 5.87
COP of the design results has a value of 6.7. This happens due to the influence of the value of
effect and compression work at the time of testing but does not have a very large difference so that

run properly according to the design.
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Carrnot COP System Against Time

15
14
13
12
11
10

COP Carnot

PN WA OO

=4@=COP Carnot Testing ==m==COP Carnot Draft

Figure 6 COP Carnot System

Figure 6 above explains that the Carnot COP from the test and design has a different COP Carnot value, namely
the Carnot COP in the design is 8, while the Carnot COP from the test is 7.11. This proves that the design that has
been made has a good performance value because at working temperatures, or saturation temperatures, both
condensation and evaporation occur, the maximum COP that can be obtained for the system is COP Carnot. So it
can be said that the larger the coefficient value, the more efficiently the system will work.

Efficiency Against Time

100
95
%0
85
80
75
< 70
S 65
a. 60
55
S so
‘S 45
& 40
W 35
30
25
20
15
10
5

OCNMONOLOLLOLLONONOLONONOLLONOLONONNOLLONNOWLO

AEHANANMONETTNNOORNNOONNOO—TdAdANANMNMNMNMT TN OONMNO

L B IR B B B B B B B B e B B B |

.. Time . -
=@==Test Efficiency ==@=Design Efficiency

Figure 7 System Efficiency

In charts, the performance value of test systems has a smaller average of 82.55% than the design system's average
of 83%. his can happen because it is influenced by several factors, ranging from ambient temperature to the ma
of the refrigerant used. Based on the data in table 2, it is also shown that the refrigerant mass flow rate at the ti
of testing is lower than the refrigerant mass flow rate in the design, which affects the performance value of
conditioning system for water conditioning in lobster cultivation. However, the overall performance val
system at the time of testing did not experience a very large difference from the design performance v
the system continued to run well.
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4. CONCLUSION

After all the processes are completed, starting from the design, the system installation process, the testing

process, and the data retrieval process, So it can be concluded:

1. System cooling load or cooling load based on calculation results of 381.7 watts: in this system, the

compressor we use is 0.5 PK.

2. The engine cooling time can be said to be successful because when the temperature reaches 21°C after

45 minute, and within 3 hours, the system can reach 21°C twice, while the design data takes 3 hours, or
180 minutes. So it can be said that this system works well because it experiments with the time it takes
to cool the water faster than the time to cool the water in the design.

3. The performance of the water conditioning system in lobster cultivation resulted in the actual COP value

at the time of testing at 5.87 and the actual COP at the design being 6.7. The Carnot COP value at the
time of testing obtained a value of 7.11 and the Carnot COP in the design of 8. While the efficiency value
at the time of testing was obtained, the average value was 82.55%, and the design efficiency was 83%.
So it can be said that this cooling system works well because the efficiency values at the time of the
experiment and the efficiency values of the design do not have a significant difference in average values.

4. From the results of testing tools, it can be concluded that the application of the refrigeration system for

conditioning lobster culture water is feasible to use because the system that works on it has good
performance.
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SIMULATION DESIGN OF ANIMAL WASTE
TREATMENT INSTALLATION SYSTEM USING
WATER LEVEL CONTROL SYSTEM

1) Mechanical Engineering I Nyoman Gunung?, I Nengah Ludra Antara®*, | Nyoman

nggﬁ”&?} gggfﬁ:;nik Sutarna?!, Kadek Agus Mahabojana D.P?, Made Dika Nugraha?

Indonesia
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Denpasar, Indonesia Abstract. The simulation design of this animal waste treatment plant is a
design that applies the sewage treatment plant system which is made to cope
with environmental pollution, especially rivers due to indiscriminate disposal
of animal waste. Making this animal waste treatment plant provides
information to readers or the public about how to design an animal waste
treatment plant system and the performance of the sewage treatment system
so that people know how to deal with environmental pollution caused by the
livestock themselves. The manufacture of this installation system uses data
collection methods from direct farmers and theories obtained from books,
journals, articles related to sewage treatment plant theory, plumbing,
electricity, and others. Finally, the data was collected by testing the animal
dung waste treatment system where the test data was taken from the pH
content of the water used for processing the animal dung waste treatment
system. The test results on the sewage treatment plant system concluded that
in order to obtain optimal results or water pH content, namely the pH content
of 6, it is necessary to deposit animal manure between two to three days,
while the maximum processing of this system is the pH content of 6.5. and
processing of animal manure, which is on the fourth day to get the maximum
pH content.

Correponding email 9 :
nengahludraantara@pnb.ac.id

Keywords: simulation design, animal waste, and level control.

1. INTRODUCTION

Along with the progress of the times and modernization, developments both in the economic field as well
as in the field of science and technology are developing very rapidly, coupled with the increasingly rapid flow of
information both from within and outside the country, so that the busyness of mankind is increasing. It encourages
us as human beings to tend to a practical and efficient lifestyle in all matters of behavior in all fields. For example,
in the daily life of residents in rural areas, carrying out activities to maintain several four-legged and two-legged
livestock, in maintenance of course the farmers want to raise livestock in a practical way, for example in terms of
cage cleanliness, animal waste released by livestock can certainly cause various things. negative, therefore the
breeder thinks about how to overcome the negative things caused by the animal waste that is kept by the breeder
himself which is commonly called waste [1][2][3].

Waste is organic or inorganic material that is no longer used, so it can cause serious problems for the
environment if not handled properly [4][5]. This waste can be in the form of solid, liquid and gas waste which if
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not handled properly will have a bad impact on the environment [6]-[8]. Waste originating from the farm will have
high economic value if it is treated with the right treatment. There are many ways that can be done to process
livestock waste, one of which is processing manure into manure, this method is the simplest way that we often
encounter, namely livestock manure is left to dry, by processing the manure it cannot be said to be environmentally
friendly, because manure is not environmentally friendly. Livestock processed by drying will cause pollution in
the form of gas or odor [9]-[13]. Intervention is needed so as not to damage the environment and work to be more
productive [14]-[15].

Research conducted on the processing of livestock manure which is currently an issue as one of the causes
of global warming, therefore it is necessary to introduce livestock waste processing technology to the wider
community. This prompted the intention to learn about animal waste treatment using existing technology, by
means of an automatic system for cleaning animal waste in cages.

The limitations of the problems in the design of the pig manure waste treatment installation system are as
follows: (a) Design of an automation system for treating pig manure, (b) In designing an animal dung waste
treatment installation system in the manufacture of a miniature simulation of its installation using a water level
control system that drives an electric motor, and a submersible pump, blower or aerator turns on automatically
through a water level control switch, (c)The calculation uses real data from farmers in the design of this system,
while the simulation of the design of the installation system is a mock-up or a small-scale imitation of the original
system, (d) The tests carried out are only testing the pH of the water removed from the system treatment process.

The objectives of our research are as (a) to find out how to design a simulation of an animal dung sewage
treatment plant system using a water level control system, (b) to find out how the animal waste treatment plant
system works using a water level control system. Based on these objectives, the expected benefits of the research
results are: (2) reducing disturbances that can occur during the distribution of animal waste disposal channels so
as to prevent damage to the surrounding environment, (b) from a scientific point of view, the results of this study
are expected to be useful and contribute to the development of knowledge, especially in the problem of animal
waste treatment systems, which are related to environmental influences on farmers.

2. METHODS
2.1 Research Procedure

In this type of research, it is divided into two options, namely study or case analysis and testing, and also
design. From the choices above, the author chooses the design method because the author will design a sewage
treatment system using a water level control system assisted by an electric motor, a blower and a submersible
pump. The size of the simulation to be made is 100 cm long, 50 cm wide and 50 cm high overall (Figure 1).

2.2 Design Model
The design model is as follows.

A |—\
\ Descriptions:
A. Cage H. Dynamo
I
}_\ = /J B. Cage Drain 1. Aerator
= H1 C.  Extractor Tub J. Water level control
H }-\ D. Aerator Tub K. submersible Pump
E. Filter Tub
F.  Chopsticks Tub
o~y S |
— 1
c | T ; E
~/__,frf—|
<"1 == m i | E %_(—4—’_' F
— m\‘l K

Figure 1. Animal waste treatment system simulation

2.3 Research Instrument
In this design, instruments or tools are needed that support the data collection process from material
preparation to obtaining data. The instruments needed are: meter, animal dung, and measuring pH.
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2.4 Research Procedure

The stages that will be carried out by the author to get the results of the targeted design are as follows:

1. Conducting literature studies and field surveys, interviews with residents around the river and direct farmers
so that they get the data needed in this design.

2. Processing the data obtained so that we get the data that will be used in the design of the animal dung treatment
plant system.

3. After that we design in terms of tools or materials, design and layout of the installation needed in designing the
system.

4. After that we began to collect the materials needed and started assembling according to the design that has
been made.

5. After the mock-up is completed, we start the calculation starting from determining the use of an electric motor
that matches the size to be used, as well as blowers and submersible pumps.

6. Then we test the treated water so that it can be said to be clean using the elements obtained

3. RESULTS AND DISCUSSION
3.1 Design Results

This simulation design is designed and made to overcome the problem of river environmental pollution
by processing it using the sewage treatment plant method. This simulation design has dimensions of 50 cm high,
50 cm wide and 100 cm long, using a water level control system, electric motor and submersible pump (Figure
2.).

Descriptions:

. Extractor Tub

. Aerator Tub

. Filtration Tub

. Chopstick Tub
Cage

. Dynamo

. Aerator

. Water Level Control
. Submersible pump

ol R N T N

Figure 2. Animal waste treatment system simulation

1. Design Working Principle

The simulation of this animal waste treatment system uses a water level control system that plays a role
in the process of processing manure and water. In the design process of the simulation of the animal waste
treatment system, the operation is determined by the water level control which is based on the volume of water
installed in the chopstick tub, if the tub has reached the full point, the water level control which is an automatic
switch will automatically turn on the system then after the volume of water in the sump is reduced, the system will
automatically turn off, only the aerator continues to be turned on. This aims to control or can be said to be a safety
cost if this simulation is implemented in real time (Figure 2).

2. Design Specification.

a. High total :50 cm f. Cage Length :30cm

b. Width :50 cm g.Tub Height 126 cm

c. Length 1100 cm h.Tub Width :19¢cm

d. Cage Height: 23 cm i. Tub Length :23cm

e. Cage Width 122 cm
Volume : 30 x 22 x 23 = 15,18 cm3, 15,18 x 3 Cage = 45,54 cm3, 45,54 cmS 14 =
11,380 cm3
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So the volume of each tub = 11,380 cm?®

3.2 Discussions
Making a simulation design for processing animal dung is obtained by performing various calculations
and tests in accordance with the existing formula.

1. Selection of Materials for Making Simulation Cages and Tubs

The material used in making the simulation of the cage and the tub in the simulation design of the animal
waste treatment system is styrofoam with 2 meters length, 1 meter width and 5 cm thickness per styrofoam, the
purpose of choosing styrofoam for the simulation of the cage and the tub is to save energy. cost and easy to use in
the sense that it is easy to shape according to the series of cages and tubs that we have designed and also styrofoam
is water resistant if used correctly. Making this simulation using 3 sheets of Styrofoam.

2. Calculation of Electric Motors, Blowers and Submersible Pumps

The calculation of the minimum power of the dynamo or electric motor to be used is calculated through
the volume of the tub used. The tub used has a length of 23 cm, a width of 19 cm, and a height of 26 cm using the
formula W x W x H and these numbers have been converted to meters to get a volume of 11.362 liters per tub.

a. Calculation of the power of electric motors, blowers, and submersible pumps
Q=Vh
b. Power supply calculation
P=V.l.Cos®@
C. MCB Current Limiter Determination
| am = Pth
coSs9

3. Plumbing Design

The plumbing design in the simulation of the animal waste treatment plant system uses a water level control system
and uses a pipe with a pipe diameter of 16 mm. The plumbing installation in this simulation is divided into three,
namely the inlet pipe for sewage into the extractor tank, then the pipe from the submersible pump out branches
into two, one is the return channel to the cage, the other is the drainage channel which can later be used again or
disposed of.

4. Electrical Installation Design

The design of the electrical installation in this simulation of the animal waste treatment system uses water level
control as a switch to turn on the electric motor and submersible pump, for the aerator will continue to run because
it does not go through water level control, it only passes through the MCB. The cable used in the simulation of the
animal dung waste treatment system installation is an NY'Y cable with a cable cross-section of 0.75 mm2 with a
current carrying capacity of 12 amperes (Figure 2).

5. Material Preparation

Descriptions: =
1. MCB ==
. Water level control - [ - A

)

2
3. Submersible pump
4

=
. Electric Motor 3‘D

Figure 2. Water level control installation

To expedite the process of making a simulation design for this animal dung waste treatment installation system, it
is necessary to prepare the materials to be used that have gone through previous calculations. The following are
the materials that are prepared to make a design such as Table 1:
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Table 1. Materials

No Materials Total
1 Styrofoam 5 cm thick, 2 m length, 1 m width 3 piece
2 Transparent pipe diameter 16 mm, length 2 m 2 piece
3 Dynamo 220V Frequency 50Hz 1 piece
4 Aerator 220 — 240V, Rate 3 L/Min 1 piece
5 Water level control 1 piece
6 submersible pump output 1500 L/H 1 piece
7 MCB and MCB boxes 1 ampere 1 piece
8 NYY Cable Cross Section 0,75 mm? 4 meter
9 Stop valve/faucet 1 piece
10 Electrical Insulation 1 piece
11 Styrofoam and pipe glue 1 piece
12 Waterproof paint 1kg
13 sealants 1 piece
14 T pipe connection 5 piece
15 L pipe connection 4 piece

6. Cage Simulation Making
[1] Prepare tools, namely: hacksaw, tape measure, marker, brush

[2] Prepare the materials as follows:
a. Styrofoam c. sealants
b. Styrofoam glued. Waterproof paint
[3] Making process
a. Make 1 piece of Styrofoam with 90 cm length and 50 cm width for the back.
b. Make 2 pieces of Styrofoam with a length of 50 cm and a width of 50 cm for the sides.
c. Then unite it using Styrofoam glue.
d. Make the cage by cutting 2 pieces of Styrofoam measuring 23 cm long, 22 ¢cm
wide for the sides, and 3pieces of Styrofoam measuring 30 cm long, 22 cm wide for
the bottom of the cage.

e. Then make the front of the cage with a length of 90 cm and a width of 50 cm 1 piece.
f.  After that unite using Styrofoam glue.
g. Cut the Styrofoam with a length of 26 cm and a width of 19 cm as many as 3 pieces

for the tub and 1 piecemeasuring 20 cm long and 19 cm wide for the filter tub.

h.  Unite using Styrofoam glue to the front of the Styrofoam cage.

i. Then make 1 piece of Styrofoam with a length of 90 cm and a width of 30 cm for
the very front and thenstick it to the front of the tub.

j.  After everything is put together, then sealant every corner to avoid leakage and
provide holes in each tub for pipelines and holes for electrical cable lines. After that,
then paint all parts using waterproof paint.

7. Installation of Plumbing and Main Components
1. Prepare materials and tools such as pipes and their connections, pipe glue, saws, meters, electric
motors, aerators or blowers, water level control, submersible pumps, cables and electrical
insulation, and MCB and MCB boxes, screws, and screwdrivers.
2. Making Process
a. Cut the pipe as many as 3 pieces with a length of 20 cm, then install it on the simulation tub
with 2 L connections and 3 T connections to the extractor tub.
b. Then install the components starting from the electric motor or dynamo, aerator, water level
control, and submersible pump as shown in Figure 3.

Figure 3. Main Components
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c. After the main components are installed, install the pipe on the submersible pump as a two-
pronged outlet, one return channel to the cage and one channel to exit through the faucet
later.

d. Then install the MCB and MCB boxes on the left side of the cage, then assemble the
electricity starting from assembling the power cable through the MCB and then
connecting to the water level control which will be forwarded to the dynamo and pump.

e. Then the aerator will get a direct power supply without going through the water level
control. For the neutral cable on each component is connected and mounted on the MCB
box.

f. Put the plug on the power cable from the MCB which will be used to get AC from PLN.

8. Finishing Process
1. Preparing materials for the finishing process, namely electrical insulation, sealants, cable ties, and
waterproof paint.
2. Finishing process
a. Tidy up the cables using electrical insulation and cable ties.
b. Sealant on the corners once again to avoid leakage in the system.
c. Paint the inside of the system once again using waterproof paint.
9. Testing Process
Testing the simulation design of the animal dung sewage treatment plant system is carried out by measuring
the pH content of the treated water and testing is carried out based on time, alum pouring, water volume, and
pH content. The test was carried out for 5 days to get the maximum water pH test results in this animal waste
treatment system. The testing process is based on time, starting from the pouring of alum, the volume of water,
and the deposition of dirt to the processing in which the water coming out of the filtration tank is measured for
its pH content.
10. Test Result Data
Testing the simulation design of the animal dung waste treatment installation system was carried out in the
Ubung Kaja area, North Denpasar, Denpasar. In this testing process, data were collected 5 times in 5 days for
the results of measuring the pH content of the water (Table 3.2)

Table 3.2 Testing the pH of the water

Deposition Process Water and Waste Volume Alum Level pH Content
Time Time

1 day 10 mins 45.49 liter 45 gram 5.78

2 days 10 mins 45.49 liter 45 gram 5.93

3days 10 mins 45.49 liter 45 gram 6.20

4 days 10 menit 45.49 liter 45 gram 6.41

5 days 10 menit 45.49 liter 45 gram 6.68

11. Desired pH content in the range of 5.5 t0 6.5

From the test results data in table 3.2, the simulation design of the animal waste treatment system where
the pH content curve of the water shows that the duration of deposition of the sewage effluent affects the pH
content of the water in the treated sewage treatment. The following statistics illustrate the effect of the duration of
deposition on the pH content of the treated water as shown in Figure 4.

y=025x + 5.43 Linez
R? = 0.9952 pH)
7
638
6o /

6.4 -
62

\

5.8 4

\

56

54 4

52 1

o 1 2 3 4 3 6

Figure 4. Linear statistics of water pH content
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From the statistical picture above, it can be seen that the duration of deposition of animal dung waste
affects the increase in the pH content of the water significantly, as seen in the statistics of the optimal value or the
optimal pH content of the targeted water, which is at pH 6, where the optimal value point is between the second
and third days. it shows that between the second and third days, the duration of deposition is the right day to get
optimal water pH results while for the maximum value or maximum pH content, it is on the fourth and fifth day
which indicates the maximum duration of dirt deposition in the range of four days to get the optimal pH content.
desired is between 5.5 to 6.5.

4. CONCLUSION

Based on the results of the simulation design of the animal dung treatment plant system, it can be
concluded:

a. Design and build a simulation of the Animal Manure Waste Treatment System using styrofoam with a thickness
of 5 cm as the main material in making the simulation. This design has specifications, namely a total height of
50 cm, a width of 50 cm, and a length of 100 cm. Then for the height of cage 23, the width of the cage is 22
cm, and the length of the cage is 30 cm per tub. The tub has a height of 26 cm, a width of 19 cm, and a length
of 23 cm per tub. This design in the processing process is based on the volume of water that will connect the
switch to the water level control which will turn on the system and use a filter in the form of wood charcoal
and alum as a filter and water purifier.

b. In the test results, it was found that in the simulation design of the animal dung waste treatment system, the
duration of the deposition of waste is a factor that affects the pH content of the treated water, obtained for the
optimal value or optimal pH content, namely pH 6 is in the deposition between the second and third days, while
for the maximum value is on the fourth day to get the pH according to the target.

With the development of the era and technology in the world of mechanical engineering, more knowledge
about technology in education is developed, especially in the field of mechanical engineering. In the design of the
simulation system for the animal waste treatment plant, there are still many shortcomings, we hope that in the
future someone will analyze and develop more deeply this system, and it is recommended that when processing
waste, cleaning the filter is always done.
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1. INTRODUCTION

Bomo Beach which is located in Rogojampi district, Banyuwangi regency is a tourist beach managed by
the Fisheries Supervisory Community Group (Kelompok Masyarakat Pengawas Perikanan - Pokmaswas) namely
Benteng Samudra. The atmosphere in the morning, afternoon, and evening the beach looks very good but at night
this beach looks scary because there is no electric lighting, there is lighting from oil lamps. The beach is only
enjoyed in the morning, afternoon, and evening. The provision of free energy that can be synchronized with Bomo
Beach will result in the formation of independent energy education and beach tourism at night. Pokmaswas
Benteng Samudra as a manager supported by many partners, want beach tourism that is different from the others
and can always be remembered by the community, especially tourists.

The management of this tourism potential has constraints in terms of electrical energy supply because the
location of the beach is quite far from settlements. The absence of a power source causes the development of beach
tourism potential cannot be carried out optimally. Alternative solutions to energy supply are indispensable. Coastal
areas are generally known to have alternative energy potentials including solar energy and wind energy. These two
types of energy are renewable energy. This energy potential can be used to overcome problems on the Bomo tourist
beach.

Solar power generation has a simple concept that is to convert sunlight into electrical energy. Solar cells
can produce an unlimited amount of electrical energy directly taken from the sun, with no rotating parts and no
need for fuel [1]. The intensity of solar radiation and ambient temperature has an influence on the electrical power
produced, the greater the value of the intensity of solar radiation the electrical power produced is also the greater
and the temperature influences the electrical power generated by solar panels [2]. According to data from the
National Energy Council in 2019, the potential for solar energy in Indonesia is 207.8 GWP [3], with realization
reaching 0.15 GWP [4]. The greater the intensity of light received by the solar panels, the greater the current and
voltage produced [5]. As a renewable and clean energy, solar energy will not cause environmental pollution like
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pollution produced by traditional energy e.g. coal, oil, and other fossil fuels [6]. Some new ideas can still be
approached with the practical implementation of solar photovoltaic energy applied [7].

Research on solar power plant (PLTS) prototypes resulted in an efficiency of 16.42% [8]. The profit of
electrical energy generated from solar power plants is 93,533 (3.3 %) kWh/year [9]. An array of about 10 - 20 or
more solar panels will be able to produce sufficient high currents and voltages for daily needs [10]. The energy
produced can be utilized as much as possible as electrical energy which in turn can reduce the cost of using
electrical energy [11]. To use solar energy continuously both at night and during the day, the electrical energy
generated is stored first to a battery controlled by a regulator. The output of the regulator is directly connected with
the inverter from DC current AC. While the main technical obstacle of implementing slot power plants is battery
damage [13].

Planning of solar power generation systems has been carried out among others for analysis and design
for building needs [14], design and evaluation of solar power systems [15], design analysis of solar power
generation systems with a capacity of 50 WP [16], development of research results of solar power generation
tools [17], installation of information technology-based solar power plants for the formation of energy independent
building [18], utilization of solar power plants as a source of electrical energy reserves for quail cultivation [19],
planning solar power plants to meet the electricity needs of fishing ponds [20], design and build solar panels for
simple home lighting installation [21], economic design and analysis [22], solar panels as power generation for
lighting systems on fishing boats [23], pool water pump power requirement [24], designing portable solar power
plant [25], implementing solar panels as a source of electrical energy for monitoring corn shift of agricultural land
[26], experimental architectural design [27] and grid solar energy system [28].

Wind also includes renewable energy. The utilization of wind energy in Indonesia for the time being is
still relatively low but has enormous potential. One of the reasons is that the average wind speed in Indonesia is
classified as a | wind speed, which ranges from 3 m/s to 5 m/s, making it difficult to produce electrical energy on
a large scale [29]. Wind energy can be harvested to convert wind energy into electrical energy by using wind
turbines [30]. The construction and dimensions of hardware in wind energy conversion systems vary widely,
depending on usage, capacity, and placement [31]. Generating installations are not only built in flat and windy
areas but also in hi and the mountainous regions. The success story of wind energy is inextricably linked to its
long history in research and development in many aspects. This includes ongoing efforts spent on improving the
reliability of wind turbine designs and site assessments [33]. The design of wind power plants (PLTB) has among
others been carried out for the Savonius vertical axis wind turbine type [29]-[32],[34] - [37] and horizontal axis
wind turbine [31][36] - [42].

So far, independent energy facility in tourist attractions is only for a tourist area, not how the flow,
installation, control systems, and processes of PLTS and PLTB produce energy. So with energy self-education, all
visitors, especially elementary, middle and high school children, are expected to be able to instill insight from an
early age about how easy it is to produce electrical energy, or for students, it can be used as a reference for lectures
and practicums. The main urgency in this design is to provide an understanding so that the wider community can
see how simple a power plant is so that it can attract them if they want to create an environmentally friendly energy
system at home, place of business, or other things.

The concept of Bomo beach management is natural and educational. The natural concept is represented
in the form of maintaining the beauty of the environment. The infrastructure building is made of wood and bamboo.
The educational aspect is shown by the breeding of hatchlings (turtle cubs). New educational facilities are created
by utilizing the potential of solar and wind energy. Small-scale solar and wind power plants are integrated and
created in the concept of energy houses. On the other hand, this educational facility will also supply daily electricity
needs. The merger of solar and wind systems is known as a hybrid system and has been studied for campus needs
[43] and small-scale irrigation systems [44]. This study aims to design energy education media for solar power
plants and wind power plants on Bomo beach, Banyuwangi regency.

2. METHODS
The design of energy education media is carried out by the stages of site surveys, discussions wij
(Pokmaswas), planning, and manufacturing. Site surveys are conducted to obtain site feasibility,
convertible energy potential. Discussions with partners are conducted as information and design
The planning stage is part of the design of the system, the devices, and the installations. The man
is the construction of a system that has been designed.

The design of energy houses in general is based on natural concepts according to the
tourist beaches. Initial information and design were obtained from discussions with Pokmaswas.
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manufacture of energy education houses are designed with consideration and advice from Pokmaswas. This is
related to the design of educational house facilities and infrastructure. Design discussions are generally carried out
so that the addition of energy education house facilities does not conflict with existing conditions or tourism
development plans that will be carried out in the future.

The design of solar power plant (PLTS) and wind power plant (PLTB) systems is based on the potential
availability of energy on the Bomo beach. As with other coastal areas, this location has a relatively large potential
for sunlight. This is the case with the potential for wind energy where winds throughout the year are relatively
constant flow, both from the sea direction and the land direction. The components of the plant used are components
that are easily available in the market.

3. RESULTS AND DISCUSSION

Houses at Bomo beach are made with wood base materials. The energy house is positioned next to the
beach tourism office. This is done to facilitate maintenance and supervision. In addition, this location is also
adjacent to the hatchling breeding site so it will add educational facilities for visitors. The selection of this location
is also based on the space of a relatively open area so that sunlight can directly hit the solar panels. In addition,
although the coastline is planted with spruce, the wind blows at a speed of 2 — 6 m/s. The measurement results
using a digital anemometer show that the measurement results on the coastline range from 4-6 m/s. The
measurement results at the energy house location produce an average speed of 2 m/s at the measurement point
with a height of 1 meter above the ground and more than 3 m/s at an altitude of 2 meters and above. This is by
reference [29] which states that wind speed in Indonesia is 3 — 5 m/s. The Energy House Location Plan Design can
be seen in Figure 1

Food Gazebo Turtle cub Office Energy Food
court hall captivity house court
Pathway
Pinetree

Figure 1. Energy house location plan design

The solar power plant is designed using solar panels. The wind power plant is designed using horizontal axis
windmills and Savonius-type vertical axes. The selection of these two types of turbines is by the general types that
are widely studied and used in the field. Solar panels are positioned as rooftop energy houses. Two types of wind
turbines are installed next to the energy housing. Electrical energy storage is carried out using batteries which will
then be distributed for surrounding needs.
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Figure 3. Design of solar and wind power plants

From the above system design from solar power — MCB — MPPT panel — BCC — Batter
Inverter 10,000 watt LF PSW — MCB AC 2 x 20 A — output to stalls, umm, audio and lighting. Wit
it can supply electricity to all activities in Bomo Beach in 24 hours, because the system uses so
energy wind that has been carefully calculated, during the day solar energy can supply electricity,
not afford, it will fix the system if the second energy is combined. Integration or merging of these
will have an impact on meeting the needs of Bomo Beach.

The monitoring results showed that the trial results of the system design were able to turn
each lamp is a 25 watt LED lights, for a full day (24 hours). This shows that the system that ha
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relatively stable in performance. The integration of solar power plants and solar power plants can be an innovation
in the use of energy sources in coastal areas where solar energy and wind energy are highly available. Quite simple
equipment can be optimally applied.

The energy education media aspect is a separate medium for tourist beach management partners and their
members. Pokmaswas members run businesses, the majority in culinary form. The creation of a power generation
system is a very useful learning material for partner activities. In addition, future development is possible as the
need for electrical power increases. Partners also learn simple maintenance and repair aspects of the power plants.

Energy education media is also a special attraction for visitors to tourist attractions. Visitors can see up
close the installation of solar power plants and PLTB. This attraction can be seen in the increase in the number of
visitors where the number of visitors increases by + 10% on weekdays (Monday to Friday) and increases by + 20
- 25% at the end of the week (Saturday and Sunday). This shows that educational media provides economic
benefits.

The increase in tourist attraction and visits can also be seen in the increase in the number of culinary
entrepreneurs. Before the implementation of the power plant, 5 culinary business actors managed permanent stalls.
After implementation, the number increased to 6 entrepreneurs. In addition, 12 food and beverage sellers are active
on weekends. After implementation, this number increased to 18 people.

In general, the design of energy education media implemented on Bomo beach provides positive benefits
for community partners. The generated electrical energy can be used for lighting needs and other needs. The
attractiveness of educational media increases the number of tourist visits, opens up new business opportunities for
local communities, and provides financial benefits. These positive benefits indicate that the design of energy
education media can be applied to improve people's welfare.

The design of energy education media in the form of solar and wind power generators is relatively simple.
Applications directly in the community can be implemented easily. Installation and maintenance of this generator
installation are also relatively simple. This educational media can be applied in other places that have renewable
potential energy. The development of tourist attractions that are managed by the local community can apply this
educational media to increase the attractiveness of these tourist attractions.

M o

Figure 4. Energy house and installation

On the other hand, the managing community and users need education regarding the maintenance and
repair of this power plant installation. Managers also need to plan the cost of components that have a service life.
Electrical storage batteries and various other components can be damaged due to use. Financial planning is required
to ensure the sustainability of this installation.

4. CONCLUSION

Solar power plants and wind power plants have been integrated and applied at the Bomo beg
Banyuwangi regency as a medium for energy education. A relatively simple system design can bring beg
terms of needs for daily activities and as an educational medium. Improvements still need to be made,
monitoring system of electrical power generated by the system.
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Correponding email: Abstract. The basic problem of appropriate wind energy technology is
I . " how to design wind turbines from materials that are easily available on
gji.tisa@gmail.com the market, one solution is PVC pipe as the blade material. For this

reason, it is necessary to analyze the working stress that occurs in the
blade construction, so that the PVVC pipe propeller wind turbine is safe
when applied in society. The purpose of this study was to determine the
effect of wind speed and tip elbow width on working stress. The
simulation test method uses SolidWorks Flow Simulation Software and
then the results are exported to Static Simulation to determine the
strength of the material. Simulation tests were carried out with wind
loads on PVC pipe propellers with wind speeds of 5 m/s, 6 m/s, and 7
m/s and elbow tip widths of 100 mm, 110 mm, and 130 mm. The results
of the maximum stress value in the wind turbine simulation test with the
addition of an elbow tip were obtained at a wind speed of 7 m/s and an
elbow tip width of 130 mm.

Keywords : HAWT, Propeller, PVC Pipe, Tip Elbow, and CFD Simulation.

1. INTRODUCTION

Compared to fossil fuels, such as coal and natural gas, wind is an environmentally friendly source of energy,
no air pollution is released into the environment after consumption. Wind energy is one of the most promising
because it is available in a wide geographical area, in contrast to other energy sources which are concentrated in
several countries [1]. Wind energy is a renewable energy potential that can make a significant contribution to the
need for electrical energy, especially in remote areas. Wind energy can be utilized as electrical energy in the
presence of wind turbines [2]. In the design of wind turbines the most important part is the blade, because this part
is the core in making wind turbine rotors. Most windmill designs use NACA profile blades, but in this study the
blades used were made of PVVC pipe, then the pipe was cut by splitting and twisting in order to optimally absorb
wind energy.

Horizontal Axis Wind Turbine (HAWT) is a type of wind turbine that is widely used in Indonesia. HAWT
is one type of wind turbine that has the ability to convert energy with the greatest efficiency because the blades
always move perpendicular to the wind, receiving power through all rounds. The geometry, dimensions and
number of blades determine the efficiency of the turbine. [3]

Wind is one of the renewable energy sources which is very abundant and easily available in nature. Based
on its geographical location, each place has different wind potential, in the tropics and subtropics it has different
wind potential. Based on the topography, if it is in a mountainous area, the wind tends to rise and if the topography
is flat, the wind will tend to be straight and flat.

Model simulation tests using Computational Fluid Dynamic (CFD) software are generally used to
determine the effect of interaction variables such as wind speed and number of blades on output power and to
obtain the most optimum power coefficient.[4]

With CFD simulation, it is possible to predict fluid flow patterns, heat transfer, chemical reactions and other
phenomena through mathematical equations or mathematical models. In general, the fluid flow calculation process
is solved by using the energy equation, momentum equation and continuity equation. Numerical modeling of flow
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(Fluent Manual, Fluent Inc.) was carried out using the conservation of mass equation and momentum equation in
integral form at stationary and steady state.

Wind turbine models can also be tested experimentally using wind tunnels, the function of wind tunnels in
aerodynamic research is to study airflow characteristics. Wind tunnels are also used to simulate the actual state of
an object under the influence of aerodynamic forces in the field of aeronautics, namely to analyze the performance
of flying mechanics of an object [6]. The magnitude and direction of the Lift and Drag force vectors depend on
the shape of the airfoil profile, for example a fluid moving on a curved surface will be shown in detail the flow
lines and aerodynamic forces due to changes in momentum. The schematic diagram of the aerodynamic forces is
shown in Figure 1. It is therefore very important to understand the significance of the phenomena behind various
Airfoil shapes [7].

Figure 1 Aerodynamic Force on the Propeller Blade [8]

Rolation Axis

Propeller

Cross Section \

V.

v

rot

Figure 2 Blade Cross-sectional Velocity Diagram [9].

The increase in the lift coefficient occurs gradually as the separation point shifts above the airfoil body and
the influence of the turbulent flow that is formed thus affecting the pressure resistance [9]. Based on Bernoulli's
principle, because the air flow over the airfoil produces a low pressure zone and a high pressure zone is on the
bottom surface, so that due to the pressure difference a lift force will be generated [10].

Previous studies on blades described a useful methodology for optimizing small size wind turbine blade
geometries obtained from circular pipes with optimal chord distribution and airfoil sweep obtainable with proper
cutting paths. Significant reductions in production costs and time can be achieved for blades which are an important
element in wind turbine systems, especially in the case of renewable energy generation in developing countries
[11], as shown in Figure 2 is the geometry of turbine blades made of pipes that divide by turning the clock wisely

.

04 03 02 01 O 01 -02 03 04

Root

04 03 02 01 0 01 H2 03 04

Figure 2: Geometric and braided pipe blades[ 11]
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According to classical physics, the kinetic energy of wind for an object with mass m and speed v is
E=Yoxmxv 2, but with the assumption that the speed v is not close to the speed of light. Since mass can be replaced
by air density, area A, and velocity v, it can be written: m = .Av is the mass flow rate of the wind. [12]

E= % X m X v? 1)
where: E = Energy (joules); m = Mass of air (kg) and
v = wind speed (m/s).

Then the wind turbine power that can be generated per unit time is:
Py =3 pAv? )
P w: wind power (watts).

Energy Conversion from Wind energy potential is able to rotate the turbine rotor, where the rotor is
connected to a shaft that has been connected to a generator to generate an electric current. The parameters obtained
from wind turbine testing are usually wind speed (v), rotation speed (n), current strength (1) and voltage (V). The
value of electric power (P) is obtained using the following equation:

P=VxI 3)
where: P = Electric Power (Watts)

V = Voltage (Volts)

I = Electric current (Amperes)

The tip speed ratio is the ratio of the rotor tip speed to the free wind speed. For a certain nominal wind
speed, the tip speed ratio will affect the rotor speed. The lift type wind turbine will have a relatively larger tip
speed ratio compared to the drag type wind turbine. Tip Speed Ratio is calculated by the following equation [13]:

1= 2.mn.r (4)
60XV
where: A= tip speed ratio
r = rotor radius (m)
n = rotational speed (rpm)
v = wind speed (m/s)

According to the Betz limit theory that the maximum power coefficient that can be achieved is 59.26
percent. But in practice, the value that can be obtained from the center of the power coefficient is about 45 percent.
This value is below the theoretical limit due to inefficiencies and losses caused by different configurations, blade
geometries, finite flange, friction, and turbine design. Figure 3 shows the various types of wind turbine blades, and
the actual wind turbine power coefficient (Cp) as a function of Tip Speed Ratio (TSR). [14]

07

06 - N\ - Cp ideal Betz clirve
T T

05 b3 — — =
> hindes /S lades <m1 blades
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Tip Speed Ratio

Figure 3. Wind Turbine Performance Diagram [14]
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Figure 4. Von Mises stress evaluation for E-glass-epoxy and basalt-epoxy at 40 m/s using CFD simulation [15]

In the strength study of basalt-epoxy composite materials for wind turbine blades, maximum stresses were
identified in two zones which could be considered critical, the first close to the shaft and the second in the center
zone of the blade due to the pressure contours generated by the wind impacting the turbine blades. Based on the
von Mises stress formula in CFD simulations, it was found that positive basalt fiber-based compounds for
conventional material substitution can reduce deformation by up to 96%. [15]

The von Mises stress is a measure of the total overall stress acting on a material including the normal stresses in
the x and y directions as well as the shear stresses.

oym =+/0%x + a2y + axay + 3txy(5)

Von Voltage Mises

X is the normal voltage of the X component
y _is the normal y component of VVoltage
XY 1S the shear stress

Wind turbine blades require high bending stiffness properties as they are subject to phenomena such as
fatigue, traction and flexion. Therefore, the use of PVC pipe material to produce rigid but flexible wind turbine
blades is still being debated because the fatigue properties cannot be predicted accurately.

2. METHODS

In this study, the numerical method used is in accordance with field conditions or actual conditions. The
numerical method used is based on Computational Fluid Dynamics (CFD) simulations using AnSys and
Solidwork, where the airfoil used is designed to be a blade that is used as a single rotor reference. Then the design
results are simulated and will be validated with experimental results using wind tunnels and measurements on
sensors attached to the blades. This study also refers to the experimental report of Bartl and Setran using 4 blades
obtained CP max = 0.468 at TSR = 6 with a wind speed of 11.5 m/s (rotor rotation 1395 rpm) [16]. Numerical
calculations for the analysis of the static strength of the propeller blade structure were carried out using the
commercial FEA SolidWorks Simulation software (SolidWorks, 2016).

The novelty of the blade shape of a windmill using a pipe with a torsion section is inspired by Newton's
Second Law, when a force occurs due to a change in momentum when a fluid flows through a pipe elbow. The
blade end of the pipe as shown in Figure 5 is made of elbow PV C pipe which is attached to the end of the propeller.
The radial wind flow in the vane of the inner wall pipe and the wind flow from the main stream will strike the ends
of the elbows which generate additional force due to the change in momentum.[17]

The wind turbine construction built in this study has the following parts: (1) Hub, (2) Blade, (3) Elbow Tip,
(4) Shaft, (5) Generator Box, (6) Tail, (7) Tower, as shown in Figure 5.
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Figure 5. Wind Turbine PVC Pipe Propeller Design [17]

DOE (experimental design) comprises statistical and mathematical techniques for the development and
improvement of optimization processes, which utilize experimental design, regression analysis, and analysis of
variance. In this case, the working stress response variable "S" (y) is influenced by two independent variables,
namely the width of the elbow "w" or (x1) and the wind speed "V" or (x2). The significant influence of the
independent variables (x1, x2) on the maximum working stress can be obtained from the appropriate model
formulation. Analysis of variance and regression equations can be used to estimate regression coefficients in
quadratic polynomial models and to produce measures of uncertainty in the coefficients. [18].

3. RESULTS AND DISCUSSION

Based on the theory of fluid mechanics, water turbine designers always rely on changes in momentum to
generate maximum torque and power. The design geometry is manifested in the diameter, the angle of curvature
of the blade, the angle of the guide blade or nozzle, and others. Whereas in the design of wind turbines, especially
horizontal turbines, the designer always considers the limitations of the Betz theorem (max Cp <0.59), as well as
optimization of wind speed variables and geometric variables to produce lift and drag vectors in producing
maximum torque. or power.

In previous research [19]-[21] a knife model of a spiral split PVC pipe was produced with an optimum
angle of attack of 30 degrees to the wind direction on the hub side. Meanwhile, at the outer radius end the blade
plane is twisted up to 90 degrees (the concave plane of the pipe is facing tangentially) as shown in Figure 6 below.

In the current study, the design in Figure 6 adds an elbow at the end using a standard elbow accessory on
the market. Standard elbows are split to various widths and then connected to the tip of the blade so that the
concave surface faces tangentially. By making the width of part number 3 in Figure 5 the research variable, it is
hoped that it will be possible to find out how wide the size of the standard elbow section will be to be connected
to the outer edge of the outer blade of this new windmill model.
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Figure 6. PVC pipe propeller without EIbow End [21]
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Table 1. Variable Speed and elbow width

Vol. 23 No. 1 March 2023

Elbow width (mm) Wind velocity (MS)
100 5 6 7
110 5 6 7
130 5 6 7

In this study, the CFD simulation test uses wind speed and angle width variables as shown in table 1. With
these variables, we want to know how the aerodynamic behavior in and around the blades is in the form of images
of stress distribution, displacement (blade deflection) and current lines.

Figure 7. Aerodynamic flow lines around the blade when the wind speed is 7 m/s and the angle width is 110
mm.

Figure 8. Current line density occurs on the outside of the blade radius when the wind speed is 7 m/s and the
angle width is 110 mm.

Figure 9. Current line density occurs outside the blade radius when the wind speed is 7 m/s and the angle width
is 130 mm.
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Simulation testing with an elbow width of 110 mm and a wind speed of 7 m/s results in Figure 8 shows that
streamline compaction occurs in the direction of propeller rotation without any turbulence behind the blades. The
air impact from the main stream direction on the concave section of pipe is transmitted in a radial direction to the
end of the elbow, giving rise to the dual effect of increasing the torque. Usually this phenomenon is interpreted as
a coanda effect on aircraft wings, which are equipped with flaps at the ends so as to increase lift. With the
simulation results, the turbine with an elbow width of 110 mm works best among the other variables as shown in
table 2 and produces a maximum torque of 12,031 Nm.

PR
X

b 5

Figure 10. Von Mises Stress and displacement at a wind speed of 7 m/s and a 100 mm elbow width

Figure 12. Von Mises Stresses and displacements at a wind speed of 7 m/s and an angle of 130 mm

It can be seen from table 2 and Figure 10 that shows critical operating conditions, the simulation results
show a Von Mises stress of 39187892 N/m2 or 39.1 MPa and a total displacement of 1071 mm with a red mark
on the blade body which is a very dangerous condition. when using a 100 mm wide elbow with a wind speed of 7
m/s. However, by using a 130 mm wide angle at the same speed, it can be seen in Figure 12 that the critical von
Mises stress value of 39026256 Pa or 39.0 MPa appears near the hub. Stress analysis based on simulation results
obtained under normal or critical conditions to ensure the safe operation of wind turbines. Based on Figure 11 and
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Figure 8 of the CFD simulation for typical operating conditions of PVC pipe split twist blade by equipping the end
elbow at the outer radius with an equivalent stress of 37931224 N/m2 or 37.9 MPa and a total displacement of
1069 mm when the wind speed is 7 m/s at elbow width 110 mm. The use of PVC pipe as a blade is better at
capturing wind energy and is able to increase the strength and stiffness from the hub zone to the end zone.

3. CONCLUSION

The simulation results show that the Von Mises stress is 39187892 N/m2 or 39.1 MPa and a total
displacement of 1071 mm with a red mark on the blade body is a very dangerous condition. when using a 100 mm
wide elbow with a wind speed of 7 m/s. However, using a 130 mm wide angle at the same speed, the critical von
Mises stress value of 39026256 Pa or 39.0 MPa appears near the hub. Stress analysis based on simulation results
obtained under normal or critical conditions to ensure the safe operation of wind turbines. From the CFD
simulation for typical operating conditions of PVC pipe split twist blade by equipping the end elbow at the outer
radius with an equivalent stress of 37931224 N/m2 or 37.9 MPa and a total displacement of 1069 mm when the
wind speed is 7 m/s at an elbow width of 110 mm. The use of PVC pipe as a blade is better at capturing wind
energy and is able to increase the strength and stiffness from the hub zone to the end zone.
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. Abstract. Goat, is one of the most consume meat in Indonesia, it provides much
Correponding email 7 : nutrition to the eater and highly recommended by several nutritionist. One of
hapsoro.jatmiko@ie.uad-ac.id  the most critical part in breeding goats, is feeding them, this process is one of
the most time consuming and takes a lot of effort, as the food preparation
requires a lot of item to mix. Breeder, nowadays mostly feed their goat with
“dry food” which are mostly consist of concentrate, this process unfortunately
still done manually which, not only takes time but also some chances of
potential hazard because most of the concentrate are heavy and huge. This
research takes place in Rejodani District in Sleman Regency thus the sample
and population of the research are goat breeder around the area. Using Quality
Function Deployment method, authors intended to create a new food processing
tools for food preparation of the goats. Using the concept screening and
selection, out of 3 proposed design, the best design is chosen, followed by
validation process to the respondents of the research. The final design of the
food processor is the one that could increase productivity of the breeder and
less chance of hazard.

Keywords: goat, food processing, design, quality function deployment.

1. INTRODUCTION

Goat has become one of the most prominent livestock in Indonesia, it is estimated that goat breeding in
Indonesia has reached 19,3 Million in 2021 [1], this number is even slightly higher compared to the population of
cows in Indonesia by 2021 that is estimated by 18.05 million [2]. Yogyakarta, as one of the largest province in
Yogyakarta, also contributing in national number for goat breeding. By 2021, it is estimated that there are 421.287
goat population in Yogyakarta [3], by that number, Yogyakarta itself getting a lot of benefit from it, ranging from
sate stall all around Yogya to handicraft made by goat’s leather. The rise of goat’s meat consumption is none
other by people’s awareness to health, in every 100gram of goat meat, roughly contains 23 grams of protein,
slightly lower compared to other livestock such as cow [4], but on the other hand, goat meat also has the lowest
saturated fat, which is bad for human’s body, compared to other animals such as sheep, lamb and even cow. To be
able to gain such a good nutrition for each grams of food, one of the main and important thing that should be
considered by breeder, is the food given to the goat that could affect the percentage of unsaturated fat and any
other substance [5]. Unfortunately, most of the feeding process in most farm in Indonesia, even in Yogyakarta,
done manually which could affect several things such as : the potential of getting injured, the quality of the fee
which are poor, and time consuming. Each adult goat, needed about 350 grams of concentrate mixture per feedi
session and 1500 grams of greens [6], the number seems small for one goat, but if it is a big farm, then the num
needed to prepare one session for feeding process would be enormous, high effort and also time consuming, i
also possible to happened for both minor and major injuries.

Designing a new tools or product, basically needs to know what customer’s really wanted, as it could affe
how good a product to their like. Identifying customer’s needs has become a main role in any product design
process [7], by doing so, it is more likely the product that being designed will be accepted by customers. One of
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the mostly used method in product design is Quality Function Deployment (QFD). QFD is defined as a tool to
maximizing customer needs toward product designing [8], and connecting what customer’s want with several
technical requirements in order to assess and prioritizing which area should be and could be improved [9] while
designing a new product. QFD was founded in Japan on the late 1960’s as the result of Japan’s blooming industry
post world war [10], it was a huge success and could elevate Japan’s industry into another level. As it emphasize
on customer’s point of view, there are a lot of research that using QFD, or even integrating it with another method,
both in services or product designing. It has been used in redesigning process of a shoes [11], food packaging
[12][13][14] or even a tool or machine [15]. Not only product, QFD has also been used a lot in order to increase
one services such as in business [16], railway services [17], Small Medium Enterprise [18], and bus service [19].
The previous research showed that QFD has been a cornerstone in both product design and service quality by
emphasizing on customer’s needs.

Based on previous research, this paper will mostly cover and emphasize on designing process of goat’s
food processor using QFD method. The designing process will focusing on increasing breeder productivity in
preparing goat’s food and also reducing the chance of hazard while mixing and preparing the food

2. METHODS

This research is conducted in Rejodani District, Sleman Regency, Yogyakarta, for this research there will
be several steps conducted.

The first part of the research will be interview with breeder around Rejodani. There are 3 breeders around
Rejodani district, that will be the sample and also the population for this research.The interviewing process most
likely to find out what the breeders actually needed in feeding process. This part of research will be used as a way
to find out the customers needs, thus it will be used in the next step of the research.

Following the interviewing process, the newly found out customer’s needs will be used to create the house
of quality (HoQ) where customer needs meet with technical requirements. In this part of the research, there will
be several concepts and ideas regarding the newly design tools. The final design of the tool, then will be validated
to the respondents of the research which are the breeders, to find out whether the newly design has already meet
out the needs.

3. RESULTS AND DISCUSSION
3.1 Making an Interview Form

As it is aforementioned, this research will be using interview as a way to find out what the customer needs,
a good interview will be crucial in any research steps, as it is one of the way for both researchers and research
subject to interact [20], thus an interview form is needed as it is shown in Figure 1 below

Form Wawancara Penelitian

1. Dalam sehari, berapa kall kah Saudara/i memberi pakan pada kambing anda?

Jawab:

2. Dalam pemberian pakan, kira kira jenis pakan apa yang sering atau selaly anda
berikan kepada kambing anda? Mengapa anda berikan jenis pakan tersebut
dibanding jenis pakan yang lain?

Jawaby

3. Kendala terbesar apa yang saudara hadapi, ketika sedang memberikan pakan
pada kambing ada? Jenis permasalahan apapun yang dirasa saudara
menyusahkan dalam proses pembuatan dan penyiapan pakan kambing silahkan
gaudara sebutkan.

Jawaty

4. Jika terdapat penelitian yang bertujuan untuk merancang sebush alat atau
mesin yang memudahkan proses penylapan pakan kambing, apa vang anda
harapkan darl perancangan mesin atau alat tersebut? Anda boleh memberikan
masukan apapun terkait perancangan alat tersebut

Jawab:

Figure 1. Interview Form
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Using the interview form in Figure 1, authors then proceed to interview 3 breeder around Rejodani to find out what
they needed most in designing a new tools.

3.2 Interviewing Process

The interviewing process is held to 3 respondents, which are goat breeders around rejodani. Using the
result on this interview, it will be used to find out the needs statement and then being used to create the appropriate
design. The result of the interview is shown in Table 1, 2 and 3 as followed

Table 1. Interview Result 1

Question
Number Answer
1 “Selama ini, pada saat aku mau nyiapin pakan atau pas nyampur pakan kambingku Pak, itu
selalu takes time alias suwe banget. Kadang iso satu jam atau 2 jam sendiri, itu cuman nyampur
thok lho Pak”
2 “sehari nek aku makani kambingku 3-4 kali Pak, itu tak split 2 jenis, 3 kali pakan kering, 1 kali
pakan basah”
3. “Pakan kering? Kui saiki emang banyak yang geser kesitu Pak para pemilik peternakan, kenapa,
soale weduse luwih lemu dan lemak nya sedikit. Pakan kering itu biasane pake konsentrat, terus
ada beberapa item lain, nilai gizi lebih baik dibanding cuman pake suket thok Pak
4. “Ya memang dadi luwih abot yah soale kan itu biasanya dilebokke karung, sehingga nek misal
aku arepe makani kambing ya harus tak junjung Pak, baru dituang dan setelah itu baru diaduk.
Sejauh ini nek ngaduk pakan itu masih manual setauku. Nek pakan basah kan luwih penak Pak,
cukup modal ngarit thok beres”
5 “Ya harapannya kalo dirimu rancang mesin, sampai memikirkan distribusi pakannya juga Pak,

karena itu lumayan PR juga”

The first interviewing process is being held to the owner of Waringi Farm shown in Figure 2 below. As it shown
in Table 1, the first respondent expressing several concern based on what have been asked by authors. It could be
inferred from the first interviewing process that time or efficiency is the main factor as it is found that in one
process of feeding preparation took couple of hours.

et |

Figure 2 Interviewing Process of Waringi Farm’s Owner

The second interview is done to another goat breeder in Rejodani, the second respondents have been

for approximately 4 years. The interviewing process is done both in the house and in the farmas it s
3 and 4 below
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Figure 4 Interview Process 2 (at Home)

The result of the second interview is shown Table 2 below

Table 2 Interview Result 2

Questions
No

Answer

1

“Nek saya sudah pakan kering mas, hasile wedusku memang lebih bagus. Bakul-bakul sate
kambing sekarang mlayu ne ke tempat saya nek pada cari kambing. Kadang sebulan saya
kesusahan untuk menyediakan kambing untuk para pemilik warung sate ini, yo maklum mas,
ternak saya masih belum terlalu besar. Berapa? Sekitaran 150-200 ekor Mas punya saya”

“Sehari? Sehari biasane 4 kali mas le ku makani, kui wae isih do dokoh wedhus wedhus ku,
hahahaha”

“Cukup lama mas untuk sekali proses penyiapan pakan kambing, kurang lebih 2 jam an cuman
untuk ngudak dan nyampure. Itu karena murni pake tenaga manusia saya Mas, ngingu wedhus
sekaligus makaryani tonggo teparo iki”

“Yang saya pakai bahannya? Macem macem Mas, mulai dari polar, ppgs, CGF, premix, itu?
Kebanyakan kui impor mas bahannya, iyo lumayan kacek regane, hahaha. Kalau bahan lok
ada katul, kadang ya kopra, sawit juga tapi yo arang-arang mas. Kadang saya tambahi |
tetes tebu, buat perasa, iya bentuknya cairan gitu kemudian saya semprotkan ke paka

sudah saya campur

“ Sebenarnya problem terbesarnya kalau dikerjakan dengan manual adalah kadan
dan belum tercampur mas. lya, betul sekali, kadang beberapa bahan baku pa
tercampur rata mas, kadang isih sok di ublek-ublek meneh ben nyampur, jadiny:
pemberian pakan agak mundur. Kambing termasuk kewan sek rodo sensitif te
ketika jadwal bergeser ada potensi mengubah jadwal mereka selanjutnya
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The second respondent have changed the feeding process for the goat using only dry food and concentrate,
although there are several times that the goat still being fed with grass and greenery. The concentrate being used
by the second respondent is shown in Figure 5 below.

Figure 5 Concentrated Food

The last interview is also done to one of the breeder around rejodani district, the result of this interview is shown
in Table 3 below

Table 3 Interview Process 3

Question Answers
No
1 “Nggih Mas, betul, saya sudah melihara semenjak tahun 2000 awal dulu, awalnya

iseng coba coba, alhamdulillah malah laris wedhus wedhus e kula. Sehari biasanya
untuk pakan 3 kali Mas, pagi-siang-sore ditengah tengahnya saya kasih tambahan
pakan 2 kali, kalau di total? Berarti kurang lebih 5 kali sehari

2 “Menawi pakan, saya sudah tidak pakai suket melih mas, tetapi kadang-kadang
memang masih pakai, banyak belajar dari teman teman sesama peternak kambing
Jjuga pakai pakan jenis baru ini”

3 “Kalau masalah, sebenarnya tidak ada, cuman memang agak kerepotan saya ketika
harus nyampur semua pakan tersebut, karena saya garap dewean ini mas”

4 “Ngapunten saya belum ada bayangannya, mungkin intinya yang bisa memudahkan
saya untuk memberi pakan mendha ne saya”

The third respondents of this research, is also using dry and concentrated food for feeding process, although some
grasses and greenery still being fed to the goat. Another key point on the third interview is that there are some
difficulties occurred while mixing the food, because the weight of the concentrated food and the size of it while
the breeder is an elderly person. Based on the interviewing process, authors could conclude the customers needs
needed to create a new design.

3.3 Determining Need Statement and House of Quality
As the result of the three interview, it could be inferred and concluded that there are at least 5 mai
that become a concern in the feeding process, the need statement determination is shown in Table 4 bel
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Table 4 Need Statement Concept Design

Interview Recapitulation Need Statement Simplified Needs
Statement
The Food provided Sufficiency Factor

Breeder, usually feed their goats
more than 3 times a day, and goats
are time sensitive animals if their
feeding time keep changing
everyday whether it is because the
food is not ready or anything else

The food that being prepared,
mostly dry and concentrated food.
Each bag of dry food weighted
minimum 50 kilos, and it need to be
poured up and stirred up before
being given to the goats

should be sufficient
enough for the daily
need of the goats

Health and Safety
System/tool | Safety
Factor

The feeding process
preparation should be
considering the safety of
the workers

Effectiveness Factor

The mixing process still done Effectiveness is the key

manually, and it took a long time for every feeding
before the food finished process in every single
day
The consistency of the Consistency Factor

The mixing process, most of the
time is not fully mixed, it could
affect the nutritional value for the
goats

output (feeding item) is
important

Based on the result of Table 4, it could be found that there are at least 4 main points and needs statement that
should be a concern for authors to create a newly designed, namely : a)sufficiency factors b)health and safety

system c)effectiveness factor d)consistency factor. Using the 4 needs, it could be used in the next step of this
research which is creating the House of Quality (HoQ) where needs will meet the technical requirements. The

HoQ is shown in Figure 6 Below

5151522

5
KetersediaanK ecukupan Pakan o o

Keam anan Alat I o o
Ereiivias [QOQO O
Konsistensi Hasil (o]
Mudzh Dioprasikan OO A0
s[4 [a
i é|4

Degree Of Difficulty | +

Target Value |

Absolute Weight and Percent | 1= [ 1ne | 2| =
Relative Weight and Percent | 0o [0+
Ranking | *

Figure 6 House of Quality

Based on Figure 6, it could be inferred that there are several technical requirements for the newly

such as :
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1. Adding automatic mixer

2. Blade design

3. Production Volume

4. Product dimensions

5. Anthropometric factors

6. Secure lock and extra safety features

3.4 Generating Concept, Screening and Selection

The house of Quality has provided guidance for the designing process, the aforementioned technical
requirements of the product, can be used to generate several concept for the upcoming design. Another key point
that should be considered, is the benchmark product. Benchmark could be used as a reference by inventors to
identify the best product or service in order to create the same level of product or service based on the referenced
product [21][22]. The referenced or benchmark product/tools in this research as it follows

Molen Machine : as one of the main problem stated in the need statement, breeder’s problem is the
effectiveness of the mixing process, mixing process’ output and the effort of doing one. Thus Molen could be one
of the tool that could help on this. Molen machine would be the benchmark product in the selection and screening
process.

3.4.1 Concept Generation

Based on the technical requirements, the following step is to generate concept. Generating concept would
be a crucial point in QFD method, as it would be a decision whether one design could help to answer the customer’s
needs or not. In this research, there are 2 Design Concept that have been generated, as it is shown in Figure 7 and
8 Below

Figure 7 Concept Design 1

The first concept design, provide several points that have become the concern by the breeder. The newly proposed
design tool is provided with several improvement compared to the current process such as an enclosed process,
stirrer and sufficient volume to feed the goats.

>
&S

Figure 8 Concept Design |1
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The second concept is also providing convenience for breeder yet still answering the customer’s needs in the
previous segment. The difference between the first and the later design is in the shape of the design and the blade
revolving inside the compartment that being used to mix and stir the concentrated food.

3.4.2 Concept Screening
Following the generated concept, the next step of the research, will be the selection concept between the
two and the benchmark product. The selection process is shown in Table 5 below.

Table 5 Concept Screening

Criteria Benchmark (Molen Concept I Concept 11
machine)
Automatic Mixer 0 + +
Blade Design 0 - +
Production VVolume 0 + -
Dimensions 0 0 0
Anthropometric Factors 0 + +
Secure Lock & Extra 0 + +
Safety Feature
T+ 0 4 4
x- 0 1 1
X0 6 1 1
Total 0 3 3
Continue no yes yes

Based on the result shown in Table 5, both concept I and Il have the advantages over the benchmark product,
security and safety has become the main concern in this research along with effectiveness and product output.
Using the score in Table 5, the next step in this research is the concept scoring.

3.4.3 Concept Scoring
Following the previous result, the next step in this research is the concept scoring, to finally rate which
concept should be brought into final design. The scoring result of both concept is shown in Table 6 below.

Table 6 Concept Scoring

Criteria Weight Concept 1 Concept 11
(%) Rating Weighted Score Rating Weighted
Score
Automatic 15 4 60 4 60
Mixer
Blade Design 10 3 30 4 40
Production 25 4 100 3 75
Volume
Dimensions 8 4 32 4 32
Anthropometric 7 3 21 3 21
Factors
Secure Lock & 35 5 175 5 175
Extra Safety
Feature
Total Score 418 403
Continue? COMBINE COMBINE

3.5 Final Design and Validation
Both concept I and 11 are excel in their own, thus it comes to a decision that both design sho
in order to find out the best proposed design. Figure 9 below shows the final proposed design of
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N

Figure 9 Final Design of the Product
The proposed design, will have to be validated by the three respondents of the research. The validation process is

done by showing the proposed design to the respondent. The result of the validation process is shown in Table 7
below

A

Table 7 Validation Process
Respondent Number Is the Proposed Design Comments?
correspond with the one
you imagine?

1 Yes “i would like to have the
design to be made, even it
is just a prototype, i need
to make sure the machine

good enough for daily
use”

2 Yes -

3 Yes “It would help me to ease
any mixing process. | will

spend less effort in
preparing my goat’s daily
food. | wont be burdened
with heavy lifting which i
have done several years
back”

Based on the validation process, the proposed design has meet out what the customers wanted, as the three
respondents of the research already agreed the proposed design. Emphasizing on customer’s needs has made the
designing process becoming easier, as the inventor only needed to create and made the proposed design based on
the customer’s needs. Current design should be manufactured next, in order to be tested in a real system.

4. CONCLUSION

Goat feeding is a crucial factor in breeding and raising goat, as the nutrition needed by goat will affect its
growth and their meat composition. Sadly, most of the goat breeder still done the process manually, thus, affecting
several factors such as safety, effectiveness and food output. Based on that, the newly proposed design for the
process is imperative, using interview among breeder around Rejodani District, it could be found that there are 4
main concern of the food preparation for the goat. Using QFD, the customer’s needs found is then being translat:
into 6 technical requirements which then be used to made the final design. Automatic mixer and safety factor
an important role in the design as it appeared in the proposed final design
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ANALYSIS OF LABOR PRODUCTIVITY IN FLOOR
PLATE WORK USING THE WORK SAMPLING
METHOD

(Case Study: Udayana University Faculty of Medicine Building and The
Calna Villa)
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Abstract. Labor productivity is very important in carrying out a job. In the field
Correponding email ¥ : of construction, the output can be seen from the quantity of work that has been
done, while input is the number of resources used such as labor. This study aims
to determine the amount of labor required per 1 m? (units of labor per day) and
the standard time for labor productivity in completing 1 m? of floor slab work.
The method of collecting primary data is the source of research data obtained
directly, such as the number of workers and observation of sampling data, while
secondary data is obtained from projects such as working drawings. The data is
then processed using Microsoft Excel. This research is a type of quantitative
research with work sampling method. From the results of research on floor slab
work in the Udayana University Faculty of Medicine Building Construction
project, it shows that the calculation of the volume of labor per day (units of
labor per day) requires 0.011 units of labor per day masons and 0.011 units of
labor per day workers and the results of calculating the standard time to
complete 1 m? of floor slab work is 3.15 minutes/m2. The Calna Villa project
shows that the calculation of the volume of labor (units of labor per day)
requires 0.039 units of labor per day masons and 0.039 units of labor per day
orkers and the results of calculating the standard time to complete 1 m? of floor
slab work is 10.37 minutes/m?.

madenovia@gmal.com

Keywords: Labor, Productivity, Work sampling.

1. INTRODUCTION

In the current era of globalization, every workforce in all sectors including the construction sector must
have high work productivity so that they can continue to exist and compete in their field. Productivity is very
important for every workforce in completing a job. The lack of awareness of the workforce on the importance of
productivity is one of the reasons for the low number of jobs produced[1].

The construction of a building includes many types of work, one of the parts in the construction of the
superstructure of the building is the floor slab work. Slab structure work in building construction is a very important
job, considering that slab work has a large volume [2]. The large volume of work on the floor slab structure makes
the floor slab work quite a lot of time. However, these elements can still be optimized in terms of spending costs
resulting from material requirements and the length of time in the process by choosing other alternatives in the
process.

In general, productivity is the ratio between output (results) and input (input). While Labor productivity
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is the ability of employees to produce compared to the input used, an employee can be said to be productive if he
can produce goods or services as expected in a short or precise time [3]. If productivity increases, this is only made
possible by an increase in efficiency (time-materials-labor) and work systems, production techniques, and an
increase in the skills of the workforce [3]. Each productivity improvement planning action includes the main macro
factors, measurement of the importance of each factor, determination on the priority, planning a system to increase
the ability of workers, and improvement the attitude of workers.

Previous research on productivity was conducted [4]. Research conducted on the analysis of construction
labor productivity on ceramic floor work and wall plastering uses the work sampling method [5]. A similar method
was also used to calculate the labor productivity in column and beam work. Sampling or commonly called work
sampling is a technique for making many observations of the work activities of machines, processes, and
workers/operators. This work measurement is classified as direct work measurement because the implementation
of measurement activities must be carried out directly at the workplace to be studied. Work sampling is very
suitable for making observations on work that is non-repetitive in nature and has a relatively long cycle time [6].
Sampling is done instantaneously at randomly determined times. Therefore, the use of random tables is very
necessarforin this method [7]. The work sampling method is more efficient because the desired information will
be obtained in a relatively short time and the cost is not too expensive [8].

This research was mainly focused on labor productivity in floor slab work. Slabs are horizontal structural

elements that support dead and live loads and transmit them to the vertical framework of the structural system [9].
Plates are used in architectural structures, bridges, hydraulic structures, road pavements, airplanes, ships, and so
on. A floor slab is a thin structure made of reinforced concrete and with a horizontal plane, and the load acting
perpendicular to the plane of the structure [10]. This reinforced concrete slab is very stiff and has a horizontal
directin so that in buildings, this plate functions as a diaphragm/horizontal behavior element which is very useful
for supporting the rigidity of portal beams [11].
The work sampling method was applied to calculate the labor productivity in floor slab work. The projects used
as objects in this research are the Udayana University Faculty of Medicine building project and The Calna Villa
development project. The difference in the gap here is in the varied technical work, namely in the Udayana
University Faculty of Medicine Building project assisted by using a tower and in The Calna Villa project not using
a tower crane. This research was conducted to know the amount of labor needed for every 1 m? of floor slab work
(units of labor per day) and knowing the standard time for labor productivity in completing 1m? of floor slab work
using the work sampling method.

2. METHODS
2.1 Research Locations

The research was done in two locations: The Udayana University Faculty of Medicine Building Project
where the location is located on Jalan P.B. Sudirman, Denpasar, Bali ,and The Calna Villa Development Project
where the location is located on Jalan Raya Kuta 27, Kuta, Bali.

2.2 Data Sources

In this study, primary data collection was carried out using the work sampling method, namely momentary
and periodic observations of workers carrying out floor slab work, the duration of observation was 8 hours.
Observations were made at intervals every 5 minutes and the results were recorded on the work sampling
observation form. Furthermore, the results of observations are grouped into productive activities and unproductive
activities. Meanwhile, secondary data was obtained from data related to the project, such as working drawings on
the project. The secondary data was collected through a literature study which was carried out by reading and
citing information from books, theses, and internet sites.

2.3 Data Analysis
2.3.1 Work Sampling

Data uniformity testing is a useful test to ensure that the data collected comes from the same syste
Through this test, we can detect the presence of differences and data that are out of control which we can
the control chart. Such data is discarded and not used in further calculations. The data uniformity test
out by choosing an accuracy level of 5% and a confidence level of 95% with an absolute value of 2
control chart, we first determine the control limits using equation (1) — (3)
P =2 x100%

n;

BKA = P + k_|PA=P)

n

BKB=P -k

o]

(1-P
n

—
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where

pi : productive percentage on day i

ni : the number of observations made on day-i

k : price index size depends on the level of confidence

n : the average number of observations overall

2.3.2 Data Adequacy Test

The data adequacy test is a process to find out whether the data from the measurements that have been carried out
are sufficient or not [13]. Observation data is said to be sufficient if N > N', i.e. the number of measurements made
is greater than the number of measurements required. The formula used to calculate data adequacy is using
equation (4)

N = Ka-p) 4)
S2p

where:

N' : The amount of theoretical data

k . Absolute price based on the confidence level

S . level of accuracy

p : productive percentage of day-i

2.3.3 Standard Time Determination

If the measurements have been completed, that is, all the data obtained has the desired uniformity, and the numbers
meet the desired levels of accuracy and confidence, the next step is to calculate the standard time from the data.
Standard time calculation is done using equations (5) — (8).

Productive working hours = P x total minutes of observation ®)
Ws = JK / Number of units produced (6)
Wn = (pxW,) (7)
Standard time = W, + (I x W},) (8)
where:

JKP : Productive working hours

Q : Productive percentage

I : Allowance (relaxation)

Ws : Cycle time

W - Normal time

The calculation of standard time was done by using following steps:
Counting the number of observed data

Counting the number of minutes during the observation
Calculating productive activities

Calculate the productive percentage

Calculate the number of productive minutes

Calculating cycle time (Ws)

Calculating the adjustment factor (p), the Westinghouse method
Calculating normal time (Wn)

Calculating allowance (I)

Calculating standard time (Wb)

2.3.4 Volume of workers per day (units of labor per day)

Calculation of output or volume of workers for the total workforce is carried out in field observationg
The current volume calculation is used to calculate the volume of one worker for floor slab work. The way
calculate the volume of work completed by 1 worker for 1 day (units of labor per day) is by calculating th
volume of work during the study divided by the number of days during the study and divided by the n
each workforce during the study.

3. RESULTS AND DISCUSSION

3.1 Udayana University, Faculty of Medicine Building Project
Udayana University Faculty of Medicine Building Project with a land area of 2,094 nmSSSBRESSEOPE 3

work taken in this study is on the 4th floor of the building.
Sampling data collection for floor slab work was carried out for 5 days of observatiof

Sunday (22/09/2019) to Thursday (26/09/2019) for 2 builders and 2 workers who worked on s

collection of Floor Plate Sampling Data is carried out for 8 working hours using the Work Samplin§
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form.
Before determining the time of visit, must determine the number of visits to be made for the calculation
and the conditions are as follows:
e  Working time 08:00 - 17:00
e Lunch break 12:00 - 13:00
e Long working time 9 hours — 1 hour = 8 hours

Then th number of visits _ Wxt _ 8x60 _ g, observations, where
s 5
W = Effective working time: 8 hours

t  =unit of time in minutes: 60 minutes

s = Length of each visit: 5 minutes

In this study, it was tried to take 70 random numbers from 96 random numbers, by not taking random numbers
during breaks, namely from 12.00 to 13.00.

3.1.1 Calculation of Labor Volume per Day (Units of Labor per Day)

In the floor slab work, there are 4 workers consisting of 2 builders and 2 workers with 5 days of work.
The volume produced for 5 days by 4 workers is 842.70 m?. So in 1 day by 4 worker,s it is 842.70 m?/5 = 168.54
m?. So 1 worker in 1 day can do 168.54 m?/4 = 42.13 m”. Builder is 2 workers who work on floor slabs in 1 day is
84.26 m?. So for 1 m? of slab work it takes 1/84.26 m?> = 0.011 worker days or in other words for slab work it takes
0.011 units of labor per day masons. While workers is working on floor slabs in 1 day is 84.26 m?. So for 1 m? of
slab work, 1/84.26 m? = 0.011 worker days or in other words, 0.011 units of labor per day workers are required
for slab work.

3.1.2 Calculating Standard Time
o C(Calculating the amount of observational data

Builder 1 data =70 data x 5 days =350 data
Builder 2 data =70 data x 5 days =350 data
Employee data 1 =70 data x 5 days =350 data
Employee data 2 =70 data x 5 days = 350 data
Total observational data = 1400 data

¢ Counting the Number of Minutes of Observation
8 (hours) x 60 (minutes) x 5 (days) = 2400 minutes
e Calculating the Number of Observable Productive Data

Builder 1 data =308 data

Builder 2 data =307 data

Employee data 1 =306 data

Employee data 2 =305 data

Total Data = 1226 data

e Calculating the Number of Observable Productive Data

Productive Number = 1226 data

Number of Observations = 1400 data

Productive Percentage =(1226/1400) x 100 % = 87.57 %

e (alculating the Number of Productive Minutes

Productive Percentage = 87.57 %

Total Minutes of Observation = 2400 minutes

Number of Productive Minutes = 87.57 % x 2400 minutes = 2101 minutes
e (alculating the number of products (volume) produced

First Day =150.60 m?
Second Day =175.00 m?
Third Day =160.80m?
Fourth Day =170.90 m?
Fifth day =185.40 m?
Total Volume =842.70 m?

e Calculating Cycle Time (Ws)
Number of Productive Minutes= 2101 minutes
Total Volume =842.70 m?
Cycle Time (Ws) = 2101 minutes/842.70 m? = 2.50 minutes/ m?
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o C(Calculating the Adjustment Factor (p)
Where seen from the adjustment according to Westinghouse, Adjustment:

Skills = Good (C1) =0.06
Effort = Good (C2) =0.02
Condition = Excellent (B) =0.04
Consistency = Good (C) =0.01
Total =0.13
Total Adjustment Factor (p) =1+0.13=1.13

e Calculating Normal Time (Wn)
Cycle Time (Ws)
Total Adjustment Factor (p)
Normal Time (Wn) =p x Ws

= 2.50 minutes/ m?

=1.13

=1.13 x 2.50 minutes/ m?

= 2.83 minutes/ m?

e Calculating Allowance (I)

Table 1. Allowance Data in Udayana University

No Factor Work L_oad Allowance (%)
Equivalent

1  The energy released is very light Stand - 6%
2 Work attitude standing on 2 feet ?euer:ported by 2 - 1%
3 Normal working movement Limited swing - 0%
4 Eyestrain, eyes that are cut off 5)2?39 Mmeasuring - 2%
5  Normal working temperature conditions ~ 22-28 C - 1%
6  The atmosphere is good Good ventilation - 1%
7 The state of the environment is clean, ) i 0%
healthy, bright with low noise 0
Amount 11%

The total amount of allowance (I) is 11%
e Calculating Standard Time (Wb)
Normal Time = 2.83 minutes/ m?
Allowance (I) =11%
Wb=Wn+(Ix Wn) =283+ (0.11x2.83)
= 3.15 minutes/ m?
3.2 The Calna Villa Project
The Calna Villa project with a land area of 1,600 m?. The scope of work taken in this study is in the 2nd
floor lobby building. Collecting Sampling Data for Floor Slab Work for 5 days of observation starting from
Tuesday (28/04/2020) to Saturday (02/05/2019) for 2 builders and 2 workers working on the slab work. Sampling
Data Collection Floor slab work was carried out for 8 working hours using the Work Sampling observation form.
The number of visit was calculated similarly to the one done in Udayana University Project. It was also tried to
take 70 random numbers from 96 random numbers, by not taking random numbers during breaks, namely from
12.00 to 13.00.

3.2.1 Calculation of Labor Volume per Day (Units of Labor per Day)
In the floor slab work there are 4 workers consisting of 2 builders and 2 workers for 5 workdays. T,

volume produced for 5 days by 4 workers is 251.90 m2. So in 1 day by 4 workers it is 251.90 m?%/5 = 50.38
1 worker in 1 day can do 50.38 m%4 = 12.60 m>. 2 builders work on floor slabs in 1 day and was able
25.20 m?2. So for 1 m? of slab work it takes 1/25.20 m? = 0.039 worker days or in other words for slab w
0.039 units of labor per day masons.While, 2 workers who work on floor slabs in 1 day was able to
m?. So for 1 m? of slab work, 1/25.20 m? = 0.039 worker days or in other words, 0.039 units of
workers are required for slab work.

3.2.2 Calculating Standard Time
1. Calculating the amount of observational data
Builder 1 data =70 data x 5 days =350 data
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Builder 2 data
Employee data 1

=70 data x 5 days =350 data

=70 data x 5 days =350 data
Employee data 2 =70 data x 5 days = 350 data
Total observational data = 1400 data

2. Counting the Number of Minutes of Observation
8 (hours) x 60 (minutes) x 5 (days) = 2400 minutes

3. Calculating the Number of Observable Productive Data

Builder data 1 =305 data
Builder 2 data =303 data
Employee data 1 =304 data
Employee data 2 =305 data
Total Data =1217 data
4. Calculating the Number of Observable Productive Data
Productive Number =1217 data
Number of Observations = 1400 data

Productive Percentage =(1217/1400) x 100 % = 86.92 %
5. Calculating the Number of Productive Minutes

Productive Percentage = 86.92 %

Total Minutes of Observation = 1920 minutes

Numberof Productive Minutes= 86.92 % x 2400 minutes = 2086 minutes
6. Calculating the number of products (volume) produced

First Day =49.25 m?
Second Day =50.00 m?
Third Day =50.75 m?
Fourth Day =50.90 m?
Fifth day =51.00 m?
Total Volume =251.90 m?

7. Calculating Cycle Time (Ws)

Numberof Productive Minutes = 2086 minutes

Total Volume =251.90 m?

Cycle Time (Ws) = 2086 minutes / 251.90 m? = 8.28 minutes / m?
8. Calculating the Adjustment Factor (p)

Where seen from the adjustment according to Westinghouse, Adjustment:

Skills = Good(C1) =0.06

Effort = Good(C2) =0.02

Condition = Excellent (B) =0.04

Consistency = Good (C) =0.01

Total =0.13

Total Adjustment Factor (p) =14+0.13=1.13
9. Calculating Normal Time (Wn)

Cycle Time (Ws) = 8.28 min/m?

Total Adjustment Factor (p)  =1.13

Normal Time (Wn)=p x Ws = 1.13 x 8.28 minutes/ m?
= 9.35 minutes/ m?
10. Calculating Allowance (1)

Tabel 2. Allowance Data in The Calna Villas

No Factor Work L_oad Allowan
Equivalent

1  The energy released is very light Stand -

2 Work attitude standing on 2 feet ?euept)ported by 2 -

3 Normal working movement Limited swing -

4 Eyestrain, eyes that are cut off g(')?sg measuring -

5 Normal working temperature conditions  22-28 C -

6  The atmosphere is good Good ventilation -
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The state of the environment is clean, ) ) 0%
healthy, bright with low noise °
Amount 11%

The total amount of allowance (I) is 11%
11. Calculating Standard Time (WD)

Normal Time = 9.35 minutes / m?
Allowance (I) =11%
Wb=Wn + (I x Wn) =9.35+(0.11x9.35)

= 10.37 minutes/ m?

4. CONCLUSION

The calculation of floor slab work using work sampling method in Udayana University and The Clna Villas was
done. The floor slab work in Udayana University Faculty of Medicine Building, 4™ floor, was involving two
builders and two workers. The volume produced in 1 day by 4 workers is 168.54 m2. From the results of the
calculation of the volume of labor per day (units of labor per day) it is obtained that 1 m?2 of floor slab work it
requires 0.011 units of labor per day masons and 0.011 units of labor per day workers. So, the standard time
obtained is 3.15 minutes/m?. Even though, the project in The Calna Villa was also used same number of builders
and workers, the volume produced in 1 day by 4 workers is only 50.38 m2. Thus, for 1 m? of floor slab work, 0.039
units of labor per day masons and 0.039 units of labor per day workers are needed. Therefore, the standard time
obtained is 10.37 minutes/m? which is almost three time higher than standard time for construction in Udayana
University.
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akbar_anugrah@polinema.ac.id  9.004 Nm increased by 0.27%. At the highest power, it is located at 30°C with
a power of 5.99 kW 0.5%. For the lowest consumption in the 2000 round, it
was found in the 30°C temperature treatment with a value of 1.4 Kg /
Hp.Hour and for exhaust gas emissions the lowest hydro carbon value was
found in the 30°C temperature treatment while the lowest value of carbon
monoxide was found at the 50°C temperature treatment. These results show
that the air heating treatment can improve engine performance.

Keywords : Temperature,Combustion, Treatment

1. INTRODUCTION

Oil production is vulnerable in this regard can be seen in the production of domestic oil refineries. Energy
versification is needed in the current energy crisis by developing alternative bio ethanol fuels to provide for
national energy consumption needs. Researchers have begun to pay attention to the use of a mixture of ethanol
and gasoline as vehicle fuel since the last 40 years[1]. The use of ethanol is generally widely used as an
alternative fuel for transportation by mixing gasoline and ethanol with percentage levels, but the mixture of
gasoline and ethanol fuel has a weakness due to the latent heat of ethanol and gasoline fuels has a difference of
three times that of gasoline latent heat the treatment of the fuel system is needed when using a mixture of ethanol
fuel and gasoline so that the use of ethanol fuel mixture can be applied to gasoline-fueled engines[2][3]. The
advantage of ethanol is that it can reduce the value of CO and HC when mixed with gasoline[4]. Based on the
problems above to get maximum performance in a gasoline-fueled engine, one of the things that can be done is
to warm up the air into the combustion chamber aims to it is expected that the performance of engines with
ethanol and gasoline fuel mixture can be better than gasoline engines[5][6][7]. Therefore it is necessary to obtain
the right temperature of the inlet air of the combustion chamber on the mixture of ethanol and gasoline fuel.

2. METHODS

The method used in this research is an experimental method. This experimental method was used to
determine the effect of a mixture of pertalite and ethanol fuel on the performance and exhaust emissions of the
Beat esp engine.
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Figure 1. Experiment Setup

In this research, the fuel used was E20 fuel = 20% Ethanol + 80% Pertalite, while the ethanol used is
99.75% and the air heater treatment were placed in the air filter box by wrapping the air inlet pipe with nickel
wire with a diameter of 0.3 mm, to regulate the heat of air entering the combustion chamber, using a thermostat.
The temperatures used in this research were 26°C (standard), 30°C, 40°C and 50°C. This temperature was
chosen because the fuel used uses a low concentration of E20 with a fuel composition of 20% ethanol and 80%
pertalite. The parameters observed in this research are engine performance and exhaust emissions, engine
performance testing using a Prony brake tool, this tool serves to measure the force generated by the engine
crankshaft and then converted to torque for for testing exhaust emissions the observed results are CO and HC
using a gas analyzer that is placed in the exhaust hole when the engine is started.

3. RESULTS AND DISCUSSION
The table below shows the results obtained during the research and visualized using the graphs
contained in the explanation and performance analysis.

Table 1. Value of Research Results

Torque Power
RPM 26°C 30°C  40°C 50°C  RPM  26°C  30°C  40°C  50°C
2000 3,75 3,78 3,75 3,74 2000 0,78 0,79 0,78 0,78
3000 5,51 5,57 5,51 5,47 3000 1,73 1,74 1,73 1,71
4000 6,8 6,8 6,83 6,79 4000 2,84 2,84 2,85 2,84
5000 8,2 8,26 8,25 8,23 5000 4,29 4,32 4,31 4,3
6000 8,98 9,004 8,98 8,94 6000 5,64 5,67 5,63 5,61
7000 8,14 8,17 8,17 8,13 7000 5,96 5,99 5,98 5,95
8000 6,46 6,49 6,46 6,41 8000 541 5,43 5,4 5,36

Fuel Consumption Gas Emission
RPM 26°C 30°C  40°C 50°C CO 2,81 3,16 2,95 2,57
2000 1,41 1,4 1,42 1,43 HC 393 354 465 524
3000 0,63 0,63 0,64 0,65
4000 0,38 0,38 0,38 0,38
5000 0,27 0,27 0,28 0,28
6000 0,21 0,21 0,21 0,21
7000 0,2 0,2 0,2 0,2
8000 0,22 0,22 0,22 0,22
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3.1 Torque
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Figure 2. Torque Result

From picture 2, it can be seen that the highest torque is generated at the inlet air heating treatment with
a temperature of 30°C at a revolution of 6000 with a torque value of 9.004 Nm and experiences a percentage
increase of 0.27%, compared to without air heating treatment, this is because air heating can add energy during
the combustion process so that the maximum combustion point is reached and for the lowest torque value is
found in the inlet air heating treatment with temperature 50°C with a torque value of 8.94 Nm and experienced a
percentage decrease of 0.44%, this is because the heating temperature that is too high can cause detonation in the
combustion chamber to burn so that the pressure in the combustion chamber during the compression stroke is
reduced. The temperature of the air in the combustion chamber greatly affects engine performance because the
air temperature can affect the flash point value of the fuel in the combustion chamber, for gasoline fuel has a
flash point value of -42°C and for ethanol fuel 12°C[5], so that the use of fuel mixture of ethanol and gasoline
requires additional energy in the form of proper air heating so that the combustion process in the combustion
chamber becomes homogeneous and burns optimally[8].

3.2. Power
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Figure 3. Power Result
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From figure 3, it shows that the highest power is generated at the inlet air heating treatment with a
temperature of 30°C at a revolution of 7000 with a power value of 5.99 kW and experienced a percentage
increase of 0.5% compared to without air heating treatment and for the lowest power value was found in the inlet
air heating treatment with a temperature of 50°C with a power value of 5.95 kW and experienced a percentage
decrease of 0.16%, from this result shows the power results are directly proportional to the torque results
obtained during this research, but the number of percentage increases and decreases in power is not the same in
number as the percentage increase and decrease in torque, but the temperature treatment with the highest value
and the lowest value of power is equal to the value of the treatment produced by torque[7][9][10].

3.3. Specific Fuel Consumption
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Figure 4. Specific Fuel Consumption

To measure fuel consumption the test is carried out by calculating the time it takes to spend 50 ml of
fuel, this is done to find out the fuel consumption level of each fuel used. Figure 4 shows that in the 2000 round,
the lowest consumption value is found in the heating treatment of the air temperature of 30°C with a value of 1.4
Kg / Hp.Hour and experienced a percentage decrease of 0.71% which indicates good results because for fuel
consumption the more the decrease in the value of the percentage of fuel consumption, the better the results
obtained. The highest consumption is found in the 50°C air temperature heating treatment with a consumption
value of 1.41 Kg/Hp.Hour and a percentage increase of 1.41%, this indicates poor fuel consumption because the
consumption value is higher than the consumption value without air heating treatment. Air heating causes the air
temperature in the combustion chamber to increase so that the air and fuel in the combustion chamber become
homogeneous, but improper air heating treatment on the use of a mixture of ethanol and gasoline fuel can cause
the value of fuel consumption to increase, this is also the case in previous studies that air heating in the mixture
of ethanol and gasoline fuel can affect fuel consumption[11][12][13].
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3.4. Emission
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Figure 5. Emission

The increase in hydrocarbons caused by less than perfect combustion can be proven that the highest
hydrocarbon value is found at a temperature treatment of 50°C with a hydrocarbon value of 524 ppm, while the
lowest value is found in a temperature treatment of 30°C with a hydrocarbon value of 354 ppm, while for a
carbon monoxide value the lowest value is found in a temperature treatment of 50°C with a carbon monoxide
value of 2.57%. The increase in the value of carbon monoxide is caused by the low temperature in the
combustion chamber[14]. with the treatment of air heating can increase the temperature in the combustion
chamber so that the value of carbon monoxide becomes low.

4. CONCLUSION

In this research, the air heating treatment greatly affects the engine performance value as evidenced by
the percentage of increasing torque by 0.27%, power by 0.5%, fuel consumption has decreased by 0.71%. For all
the best results obtained on air heating treatment with a temperature of 30 °C and for exhaust gas emissions can
be the lowest hydro carbon is found at a temperature treatment of 30 ° C while the lowest value of carbon
monoxide is found at a temperature treatment of 50°C[15]. By adding an air heater, the use of E20 fuel can be
done effectively without changing the engine compression and for further research, it is possible to heating
treatmen of incoming combustion chamber by adding a higher concentration of ethanol mixture to pertalite fuel,
because heating treatmen of incoming combustion chamber to a mixture of ethanol and pertalite fuel in this study
is proven to improve engine performance.
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Abstract. Limited supplies of fossil fuels such as gasoline, diesel and LPG
resulting in vehicles that use internal combustion would be abandoned and
replaced by electric vehicles. There have been many coverages that have
reviewed the advantages of electric vehicles, where the advantages of electric
vehicles include simple mechanical components, relatively low pollution,
low noise levels, and could become a solution for future vehicles for an
environmentally friendly life. This study aims to design and build a
motorcycle prototype, a work which includes the design and manufacture of
a BMX type motorcycle frame powered by a 2000 watt BLDC motor power,
and testing the performance of the prototype using dynotest and compared to
conventional motorcycles to compare the performance characteristics of both
motorcycle. The frame is designed using Solidworks, then manufactured by
cutting, bending, drilling, welding, and painting process. Mechanical
components include frames that use mild steel pipes with diameter of 1.5
inches and thickness of 1.2 mm. Other mechanical components use
components available on the market, such as headsets, front forks, disc
brakes, hydraulic caliper brakes, and wheel assemblies. The electrical
components used are 48V 2000-watt QS Motor, 60V 15 Ah Lithium battery,
Yuyangking 80A controller and electric gas throttle with voltage indicator.
The results of the dynotest show that the maximum torque reaches 204 NM
(roller) which is achieved at 976 rpm. The maximum speed reaches 69.7
Km/hour. The range of the single-charged battery could cover a distance of
30 km. The characteristic of 2000 Watt E-BMX is very powerful at low revs
and stable at high revs, shown by achieving maximum torque at low RPM.
To save battery life, it is necessary to limit the remaining voltage, which is
done at 55 Volts, so that the battery do not completely run out. It could be
concluded that electric motorcycle developed in this study is suitable for use
in urban areas (paved tracks or light off-road) with determined mileage and
the path travelled, and battery management is needed so the battery does not
run out in the middle of a trip.
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Keywords : electric motorcycle, e-BMX, 2000 Watt, dynotest, BLDC motor.

1. INTRODUCTION
Since fossil fuels such as gasoline, diesel and LPG will deplete over time, vehicles that use internal
combustion (fuel oil, BBM) will also be increasingly abandoned and replaced by electric vehicles. In 2030,
Indonesia targets to produce 3 million electric vehicles [1]. While in 2060, PLN targets electric vehicles and zero
emissions, which is in line with electrical energy which is domestic-based energy [2]. The reason of why electric
vehicles are the vehicles of the future is because of their many advantages, including simple mechanical
components, easy maintenance, non-polluting, low noise levels and are solutions for future vehicles for an
environmentally friendly life.
An electric motor is a device that can convert electrical energy into mechanical energy. It could be said that
all types of electric motors have two basic components, namely the stator which is a stationary component, while
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the rotor is a rotating component. Through the role of these two basic components, electric motors can convert
electrical energy, both direct (DC) and alternating (AC) electricity, into circular motion in the rotor which can be
used for various purposes [3].

In principle, electric motors work by utilizing electromagnetic induction which can convert dynamic
electrical energy into a magnetic field. With the help of permanent magnets, this induced magnetic field can
produce a force that can move the rotor. This is due to the basic nature of magnets, where similar magnetic poles
repel each other and opposite magnetic poles attract each other. The power of an electric motor is largely
determined by the power of the electric current source, and also the configuration of the wire windings on the
electromagnet. The more turns of wire on the electromagnet, the greater the power generated by the motor. To be
able to produce circular motion, each type of magnet is placed on the stator and rotor. The electric circuit for the
purposes of electromagnetic induction must be arranged in such a way that the magnetic polarity generated on the
electromagnet can make the electric motor continue to rotate even though the magnet changes position due to the
rotation of the motor.

The type of electric motor that will be used for this research is a brushless DC motor (BLDC) type electric
motor. This motor uses a direct power source (DC). In conventional DC electric motors, the brush connects the
electromagnet on the rotor with a DC power source so that the electric motor can move freely and an electromagnet
polarity can be generated to rotate the motor. However, the use of this brush is known to generate friction which
can cause noise and also reduce the component life. Therefore, in BLDC motor the brush is no longer used and
the electromagnetic is placed on the stator, while the permanent magnet is placed on the rotor. Several
electromagnets are placed on the stator in a radial configuration so that the rotor can move freely with the help of
permanent magnets in all of the angular positions. Meanwhile, the function of controlling the direction of the
electric current to control the direction of the magnetic field on the brush is replaced by a controller that can adjust
the magnitude and direction of the electric supply for each electromagnet independently. The use of this controller
system makes BLDC is advantageous when used as a motor for electric vehicles, where the motor torque and
rotational speed can be easily controlled by the user as needed [4]-[9].

Electric motor - synchronous machine Power terminal

End plate

Rotor with

permanent magnet gt

Stator with coils
Clutch

Figure 1. BLDC motor [10]-[13]

Generally, main components of electric motorcycles could be divided into 2 groups, namely electrical
components and mechanical components. The electrical components consist of a BLDC motor which functions to
convert electrical energy into mechanical energy, a lithium ion battery equipped with a charger to store electrical
energy, a throttle handle and a controller which functions to adjust the speed of the BLDC rotation. Whereas, the
mechanical components of an electric motorbike consist of a frame made of steel, a front fork which functions as
a support for the front wheels, a brake set for the braking system on the front and rear wheels, a handle bar which
functions as a steering system, a saddle for the driver seat and an electric box as a place to store electrical circuits.

THROTTLE

/.

ANV 25AM

BATTERY CONTROLLER RINE
Figure 2. Electrical components
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2. METHODS
Firstly, literature studies are needed to collect the references of frame design as base and comparison for
the E-BMX frame.

Figure 3. Electric motorcycle frame references

From the existing references, a sketch is then made by considering the level of complexity, the capabilities
of the existing production tool, and the availability of materials and working tools. Figure 4 shows the design
sketch of an E-BMX that will be made. Mechanical components and electrical components are assembled into a
single unit which is the basis of the electric motorcycle.

Frame Saddle

" A

BLDC Motor

Front Brake q

Footstep

Battery & Controller

Figure 4. Design sketch
After the design sketches have been made and deemed feasible, the next step is to design the main frame

with the predetermined concept, namely in the form of a BMX frame. The design process at this stage uses
Solidworks software. This design step will produce technical drawing, which is ready for manufacturing processes.

The 3D drawings of the frame are shown in Figure 5.
L \

Figure 5. E-BMX frame design

The production and manufacturing process of the E-BMX frame consists of the cutting process, bending
process, drilling and welding process and continued with the coating and finishing/painting process. After the
manufacture of the frame is complete, the process of assembling the electrical and mechanical components is
continued. The final result of the prototype is shown on Figure 6.
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(b)

Figure 6. E-BMX Prototype (a) side view, (b) isometric view

3. RESULTS AND DISCUSSION
3.1 Dynotest Testing

Power testing or commonly called dynotest on two-wheeled vehicles is intended to determine the maximum
torque compared to RPM (wheel rotation). This test is also utilized to find out the characteristics of motorcycle
performances such as the performance at low rpm up to high rpm. From the results of the tests conducted, it is
shown that the E-BMX has the character of being immediately powerful at low rpm, then stable up to high rpm.
In contrast to gasoline motorbikes, which tend to increase torque as the wheel RPM increases [14][15].

The equipment required for the dynotest test includes a set of test equipment consisting of two
cylinders/rollers to support the rear wheel of the motorcycle being tested. Rotation input from the rear wheel of
the motorcycle will rotate the roller which is then displayed in graphic form through software that can be read on
a computer monitor screen. The tested E-BMX is placed on the test roller, as shown in Figure 8.

-~ =

Figure 7. Roller used on dynotest

Figure 8. Testing setup process
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3.2 Dynotest Result

The Dynotest carried out in this study produced a graph of Torque, RPM and Power (power) of the motor.
The dynotest result of the E-BMX is shown in Figure 9 (a). As comparison, the dynotest also performed on a
conventional motorcycle (Yamaha Mio), which the result is shown in Figure 9 (b).
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Figure 9. Dynotest result plot of (a) 2000 watt E-BMX and (b) Yamaha Mio

3.3 Discussions

From dynotest test results for the 2000 Watt E-BMX, it is known that the character of an electric motorbike
has a spontaneous torque increase at low rpm, while the character of a conventional motorbike (gasoline
motorbike) is that the torque will reach its maximum as the rpm increases. The character of such an electric motor
also depends on the setup and settings of the controller, in the sense that the controller can adjust the torque desired
by the rider.

In this study using test equipment on a laboratory scale, the validity of the data still needs to be validated
again, because it is indeed used for research. But from the existing dynotest equipment, the characteristics and
performance of the 2000 watt E-BMX could be obtained.

3.4 Prototype Specifications
The technical specifications of the 2000 watt E-BMX prototype are shown in Table 1.
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Table 1. 2000 watt E-BMX specifications

Component

Specifications

Driving motor
Battery
Controller

Frame

Maximum speed

Maximum distance

Charging time
Performance (dynotest)

Wheelbase
Rear suspension
Rear brake
Front brake
Head set

Tire

QS Motor 48V 2000 Watt
Lithium Ion 60V 15 Ah
Yuyangking 80A

Mild steel pipe, D 1.5 inch,
t=1.2 mm

69,6 Km/hour

30 km (fully charged once).
Maximum voltage: 67V

Cut Off': 55V

5-6 hours

Maximum torque 204 NM (roller)
at 976 rpm

1300 mm

monoshock

Suzuki Satria FU 150 disc brake

Yamaha Vega ZR disc brake
Honda Grand

Front: 2.25x 17

Rear: 2.50x 17

4. CONCLUSION

Conclusions that could drawn from this research are as following:
1. Inthe process of designing and designing the E-BMX frame, the software used is Solidworks. Details
of the specifications for the frame material are 1,5 inch diameter mild steel pipe with the thickness of
1.2 mm, monoshock type suspension, and 1300 mm wheelbase. Other mechanical components used
motorcycle components available on the market. Among them are head set bearings (Honda Grand),
front forks (Yamaha Vega ZR), front disc brakes (Yamaha Vega ZR), handle bars (United Bike), rear
disc brakes (Suzuki Satria FU 150), etc.
2. The result of the Dynotest conducted at the laboratory of Automotive and Electronical Engineering,
Polinema shows that the maximum torque is 204 NM (roller) at 976 rpm.
3. The 2000 Watt E-BMX is very suitable for use on paved urban tracks or light off-road, and with a
distance of up to 30 km for one full-charging, Hence it is also suitable for everyday use.
4. Battery management for the rider is needed in order to prevent the run out of the battery in the middle
of a trip.
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gustu107@gmail.com performed by Statistical Equation Modeling (SEM) AMOS. Validity and

reliability tests were carried out using the confirmatory factor analysis (CFA)
method. After going through the index modification process, all goodness of fit
parameters were fulfilled very well, it was found that the quality of public
transportation services had a significant positive effect, with p-value = 0.000 <
0.05, path coefficient 0.498. Road accessibility also has a significant positive
effect, with p-value = 0.000 < 0.05, path coefficient 0.308. The quality of public
transport services is indicated by the frequency of arrivals, waiting times, and
travel times. Road accessibility is indicated by on-street parking and the number
of intersections. The number of passengers, driver salaries, and operating
duration indicates public transport performance.

Keywords : Public Transport Performance, Service Quality, Road Accessibility

1. INTRODUCTION

Public transportation is one of the main actors in sustainable transportation. Increasing the use of public
transport systems and reducing the use of private cars is one of the main goals of decision-makers in many
countries. The use of the public transport system is closely related to the quality of service. Service quality includes
parameters such as convenience, frequency, information systems, and so on. [1]. Other factors that have been
identified as attributes of the quality of public transport services are waiting time, travel time, vehicle cleanliness,
ease of route, being equipped with driver assistants, and security [2]. The quality of urban public transport services
can be measured by several indicators, namely: headway, waiting time, travel time, and speed [3].

Service quality is the biggest subject for both planners and transport operators. The performance of public
transport has an important role in accommodating the mobility of the population. In general, service quality is
measured by asking about users' perceptions and expectations about several aspects of service quality. Taking into
account the level of importance and satisfaction expressed by users [4]. Encouraging people to use public
transportation is not an easy task for the government, because public transportation is often considered a bad
alternative to car use [5].

To measure and ensure the continuous improvement of the quality of public transport, performance criteria
are an important tool for transport operators and focus on their strategic objectives. So far, in developing countries,
public transport services have provided substandard quality and limited capacity. Lack of awareness of perceived
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quality and missing quality management systems are the main causes of poor quality of public transport services.
respond to the demand-side needs for accessible, affordable, fast and reliable modes [6].

Road accessibility has always been a major problem in public transportation services and can reduce public
interest in using public transportation [7]. One measure of road segment accessibility is providing access to various
activity centers [8]. Accessibility refers to the ability of the community to reach goods, services and activities,
which are the ultimate goal of most transportation activities. Many factors affect accessibility, including mobility
(physical movement), quality and affordability of transport options, connectivity of transport systems, mobility
substitutes, and land use patterns [9].

Service quality and road accessibility are two factors that affect the performance of public transport.
Performance is the ability or potential of public transportation to serve the needs of movement in an area, both in
the form of transportation of goods and transportation of people. Performance is also the level of achievement or
results of the company's work from targets to be achieved or tasks to be carried out within a certain period [10].
Operational indicators of public transport performance include the number of passengers, distance traveled, fuel
consumption, and load factor [3].

This research takes the location of the Batubulan-Ubud Terminal route, Gianyar Regency, which is served
by microbus vehicles, with a capacity of eight passengers. The routes are: Batubulan-Celuk-Sukawati-Batuan-
Sakah-Peliatan-Mas-Ubud Terminal. From the observations, it can be seen that the public transportation fleet
serving this route is very small and only operates in the morning. Meanwhile, this route passes through a road
corridor with a relatively dense population, there are side obstacles in the form of parking on the road, vehicles are
going in and out, traditional market activities, and vehicles slowing down. People are more likely to use private
transportation to fulfill their mobility so transportation becomes worse.

This study aims to determine the performance of public transportation on the Batubulan-Ubud Terminal
route by analyzing the effect of exogenous variables on service quality and accessibility of the road routes served
on the endogenous variable, namely the performance of public transportation. respondent's perception data were
analyzed by statistical equation modeling (SEM) AMOS.

2. METHODS

Statistical Equation Modeling (SEM) is a strong analytical technique because it considers interaction
modeling, nonlinearity, correlated independent variables, measurement errors, correlated error terms, and multiple
latent independents where each is measured using many indicators, and one or two latent dependent variables are
also each measured by several indicators. SEM is stronger than using multiple regression, path analysis, factor
analysis, time series analysis, and analysis of covariance [11]. Table 1 shows the goodness of fit parameters in
SEM.

Table 1. Parameter Goodness of Fit [12] [13]

No The goodness of Fit Index  Cut-off Note
Value
1 Chi-square (x?) Expected Testing the level of fit between the sample variance
small matrix and the model covariance matrix
2 Significance of Probability > 0,05 When using a 95% confidence level. This indicates

that the hypothesis is accepted and the predicted input
matrix is not statistically different.

3 CMIN/DF (The Minimum <2,00 The fit between the two models.
Sample Discrepancy
Function)
4 GFI (Goodness of Fit Index) >0,90 Nothing but Chi-square divided by DF
5 AGFI (Adjusted Goodness of >0,90 Measuring the relative amount of variance and
Fit Index) covariance
6 TLI (Tucker Lewis Index) >0,95 Its function is the same as the GFl, the difference lies
in the adjustment of the DF value to the specified
model.
7 CFI (Comparative Fit Index) >0,95 Comparison between the tested model and the baseline
model
8 RMSEA (The Root Mean <0,08 Test the feasibility of a model that is not sensitive to
Square Error of the sample size and complexity of the model

Approximation)

This research is an observational study with a survey method, taking a sample of 250 respondents, and
using a questionnaire as an instrument for collecting data from the population in Gianyar Regency. The
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measurement is in the form of public perception of the quality of public transportation services, road accessibility,
and public transportation performance.

Data analysis used the Amos Structural Equation Modeling (SEM) method, with software ver.22. The
measurement scale used is a Likert scale with a score of 1-5, namely: strongly disagree (STS) score 1, disagree
(TS) score 2, Slightly agree (US) score 3, Agree (S) score 4, and Strongly Agree (SS) score 5

3. RESULTS AND DISCUSSION

3.1 Validity and Reliability Test

Validity and reliability tests were carried out using the confirmation factor analysis (CFA) method. Tables 2 — 4
show the results of the validity and reliability tests of each latent variable indicator. The value of construct reliability

. . . _ (Z1)?
(CR) is obtained from Equation CR = ST (@)
Where:
CR  : construct reliability
A :loading factor

Table 2. The results of the validity and reliability test of the quality of public transportation services (X1)

Indicator . Load
Service Quality (X1) Notation P \) CR
Arrival frequency is rare X1.1 0.000 0.812
Not equipped driver assistant X1.2 0.000 0.670
Long waiting time X1.3 0.000 0.728
The vehicle is not clean X1.4 0.000 0.765 0.906
The room is not air-conditioned X1.5 0.000 0.657 ’
Small fleet size X1.6 0.000 0.805
Long travel time X1.7 0.000 0.753
Less comfort X1.8 0.000 0.723

Source: Analysis Results (2021)

Table 3 Test results of the validity and reliability of Road Accessibility (X2)
Indicator Notation 0 Load CR
Road Accessibility (X2) (3]
Lots of vehicle on-street parking X2.1 0.000 0.626

Many vehicles in and out X2.2 0.000 0.604

There are many intersections X2.3 0.000 0.511

Many vehicles slow down X2.4 0.000 0.754 0.845
Frequent switching of currents X2.5 0.000 0.686 '
Uneven pavement X2.6 0.000 0.631

There are frequent road repairs X2.7 0.000 0.639
There is morning market activity X2.8 0.000 0.630
Source: Analysis Results (2021)

Table 4. The results of the validity and reliability test of Public Transport Performance (Y1)

Indicator Notation 0 Load CR
Public Transport Performance (Y1) (3]
Few passengers Y11 0.000 0.702
Driver's salary below standard Y1.2 0.000 0.605
Short travel distance Y13 0.000 0.628
High operating costs Y14 0.000 0.604 0.852
Exhaust gas/big emissions Y15 0.000 0.712
Minor passenger change Y1.6 0.000 0.694
Less fuel consumption Y1.7 0.000 0.628
Short drive operation time Y1.8 0.000 0.603

Source: Analysis Results (2021)

The construct reliability (CR) cut-off value is 0.7, loading factor is 0.50 [14]. From the results of the validity
and reliability test using the CFA method, it was found that all indicators had a value of p = 000 < 0.05, loading
factor (A) > 0.50, then all indicators were declared valid. If the value of construct reliability (CR) > 0.7, then all
indicators can be declared reliable.
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3.2 Public Transport Performance Model

After fulfilling the validity and reliability tests, it is continued to test the model with the goodness of fit,
using the maximum likelihood method. Modifications are made so that the model meets several parameters in the
goodness of fit. By the table on the modification indices, a reduction or correlation of several indicators is carried
out for each latent variable. So that the model is obtained as shown in Figure 1.
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Figure 1.Diagram of Public Transport Performance Model
Source: Analysis Results (2021)

After modifying the model, there are only three indicators that can measure the latent variable of service
quality (X1), namely: arrival frequency is rare (X1.1); long waiting time (X1.3); and long travel time (X1.7). Two
indicators can measure the road accessibility variable (X2), namely: lots of vehicle on-street parking (X2.1) and
there are many intersections (X2.3). Three indicators can measure the public transport performance (Y1) variable,
namely: Few passengers (Y1.1); driver's salary below standard (Y1.2); standard drive operation time (Y1.8).

Table 5 shows that the service quality variable (X1) has a significant effect on public transport performance,
with a value of p = 0.000, which is smaller than o = 0.05. Likewise, road accessibility has a significant effect with
the value of p = 0.000 which is smaller than o = 0.05.

Table 5 Regression Weights

Latent Variables P
Public_transport_performance_Y1 <--- Road Accessibility_X2 .000
Public_transport_performance_Y1 <--- Service quality X1 .000

Source: Analysis Results (2021)

Table 6 shows the path coefficient value for the latent variable of service quality (X1), which is 0.498, and
the coefficient value. Pathway road accessibility latent variable path (X2) is 0.308.
From Table 6, it can be obtained the following public transport performance model:

Y1 T0.498 XL+ 0.308 X2 ..ottt e 2
Where:

X1 : Service quality

X2 : Road accessibility

Table 6 Standardized Regression Weights
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Latent Variables Estimate
Public_transport_performance_Y1 <--- Road_Accessibility X2 498
Public_transport_performance_Y1 <---  Service_quality_X1 .308
Arrival_frequency _is_rare_X1.1 <--- Service_quality_X1 .681
Long_waiting_time_X1.3 <---  Service_quality X1 .762
Long_travel_time X1.7 <---  Service_quality X1 .683
Lots_vehicle_on-street_parking_X2.1 <--- Road_Accessibility X2 .650
There_many _intersection_X2.3 <--- Road_Accessibility X2 .807
Few_passengers_Y1.1 <--- Public_transport_performance_Y1 .903
Driver's_salary_below_standar_Y1.2 <--- Public_transport_performance_Y1 516
Short_drive_operation_time_Y1.8 <--- Public_transport_performance_Y1 .902

Source: Analysis Results (2021)

Parameters of Goodness of Fit Models

In this study, eight goodness of fit parameters were tested. The Chi-Square test is useful for testing the
relationship or effect of two nominal variables and measuring the strength of the relationship between one variable
and another nominal variable. The Chi-square value is very sensitive to the number of samples. The bigger the
sample, the bigger the value. Where, with a value of the degree of freedom (DF) = 7 and a significance level of 0.05,
the Chi-square table is 16.919 > Chi-square count is 11,850, meaning the model meets.

The probability value in this study reached 0.222 > 0.05. Models meet. The significance value is required to
increase beyond 0.05 to reduce the calculated Chi-square value so that it does not exceed the Chi-square table.

The value of CMIN/DF obtained is 1.317 < 2.00, which fulfills. CMIN/DF is one of the indicators to measure
the fitness level of a model. CMIN/DF is nothing but the Chi-square value divided by the DF value. A CMIN/DF
value less than 2.00 is an indication of an acceptable fit between the model and the data [12].

The GFI value in this study was 0.988 > 0.900 (very good). GFI is a non-statistical measure that has a range
of values between 0 (poor fit) to 1.0 (perfect fit). A high value in the index indicates a better fit and a model is said
to be very good if the GFI value is more than or equal to 0.90.

The AGFI value in this study was obtained at 0.953 > 0.900, a good overall model fit. AGFI is a criterion
that takes into account the weighted proportion of variance in a sample covariance matrix. The recommended
acceptance rate is when AGFI has a value equal to or greater than 0.90. A value of 0.95 can be interpreted as a good
level-good overall model fit (good) while a value between 0.90 - 0.95 indicates a sufficient-adequate fit level.

The TLI value in this study was 0.986 > 0.950. TLI is an alternative incremental fit index that compares a
tested model against a baseline model. A value that is very close to 1 or more than 0.95 indicates a very good.

The CFI value in this study was 0.996 > 0.950. The magnitude of this index is in the range of values 0 (poor
fit) to 1.0 (perfect fit). Values greater than or equal to 0.95 identify the highest level of fit, a very good fit.

The RMSEA value in this study was 0.036 < 0.08. RMSEA is another test tool showing the goodness-of-fit
that can be expected when the model is estimated in the population [14]. The RMSEA value which is less than or
equal to 0.08 is an index for the acceptance of the model which shows a close fit of the model based on the degrees
of freedom. Furthermore, the parameters of the goodness of fit Models can be seen in Table 7.

Table 7 Results of calculation of goodness of fit parameter.

Goodness of The . .
No . calculation  Cut off Value Information

Fit Index

results
i 2 < x2

1 Chi-square (x?) 11.850 (_:>1<6tgkl)lge) Very good
2 Probability 0,222 >0,05 Very good
3 CMIN/DF 1,317 <2,00 Very good
4 GFlI 0,988 >0,90 Very good
5 AGFI 0,953 >0,90 Very good
6 TLI 0,986 >0,95 Very good
7 CFlI 0,996 >0,95 Very good
8 RMSEA 0.036 <0,08 Very good

Source: Analysis Results (2021)

4. CONCLUSION
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The results show that all the goodness of fit parameters is fulfilled very well. The exogenous variable of
service quality (X1) has a significant positive effect on public transport performance (Y1), with a value of p = 0.000
< 0.05, meaning that the higher the service, the higher the performance of public transportation, and vice versa.
Service quality is indicated by: arrival frequency (loading factor = 0.681), waiting time (0.762), and travel time
(0.683). The exogenous variable of road accessibility (X2) has a significant positive effect on the performance of
public transportation, with a value of p = 0.000 <0.05, meaning that the higher the road accessibility, the higher the
performance of public transportation, and vice versa. Road accessibility is indicated by: on-street parking (0.650),
and intersection (0.807)

Public transport performance (Y1) as an endogenous variable is indicated by: the number of passengers
(0.903), Driver's salary (0.516), and operating duration (0.902). The performance of public transportation on the
Batubulan-Ubud Terminal route is very poor, which is caused by poor service quality and poor road accessibility.
The low quality of service is evidenced by the small arrival frequency, long waiting time, and long travel time. Poor
road accessibility is evidenced by the number of vehicles parked on the road, and there are many intersections along
the route.
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