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Abstract. High-rise buildings are at risk of collapse due to the earthquake. 
One method for analyzing earthquake loads is Pushover. Pushover is a non-
linear static analysis to determine the behavior of a building collapse. This 
research was conducted to determine the performance of the setback building 
with a soft first story due to the earthquake based on the results of the 
pushover analysis curve. The structure is modeled as a 2-dimensional portal 
with a form of structural irregularity (setback with the soft first story) which 
consists of 2 structural models with different setback area ratios. The results 
of the analysis of this study indicate that the maximum shear force based on 
capacity curves in type 1 and type 2 buildings are 50260549.81 N and 
53560488.63 N. Buildings with smaller setback area ratios, i.e., type 2 
buildings have displacement, story drift, and base shear are more significant 
than type 1 buildings. Performance of type 1 and Type 2 building structures 
that refer to ATC-40 and FEMA 356 is at the Damage Control level. 
 

Keywords : Pushover, Setback, Soft First Story 

 
 
1. INTRODUCTION 

High-rise buildings will collapse if not properly designed and built under existing rules and regulations [1] 
[2]. Building design nowadays often uses performance-based building planning or called performance-based 
design. In this study, the structure is modeled as a 2-dimensional portal in the form of irregular structure (setback 
with the soft first story) which consists of 2 structural models with different setback area ratios[3].  

In this design, the performance of a building against an earthquake can be seen its collapse mechanism in 
the form of a curve. Pushover analysis or also called static thrust load analysis is needed to determine the pattern 
of collapse in the building [4]. In addition to obtaining the failure mechanism, with pushover analysis, it can be 
seen that the performance level of a building that refers to FEMA 356 and ATC 40 [5] [6]. A study on soft-story 
buildings obtained the maximum deviation occurred before the collapse, the level of structural performance based 
on FEMA-365 is at the Damage Control level that is the condition of the building has not suffered significant 
damage and can be re-functioned [3] [7]. 

 
2. METHODS  

In this study, the authors designed an irregular building that is a setback building with a soft first story. The 
building functions as an office building, which consists of 10 floors. Ratio setback area to the lower story area of 
building type 1 is 0.3, and building type 2 is 0.6. Based on preliminary design results, the thickness of the floor 
plate is 12 cm, the dimensions of the beam are 65x40 cm, while the columns are distinguished on every three 
floors, on floors 1-4 120x120 cm, on floors 5-7 100x100 cm, and floors 8-10 90x90 cm [8] [9]. The building 
structure system uses a special moment bearing frame system. 
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3.1 Design Data 
In this research, the building is planned to be in Semarang in a strong earthquake zone, with a soft soil type 

[10]. The building structure system uses a special moment bearing frame system, with 40 MPa steel quality (fy) 
and 35 MPa concrete quality (f'c). 

Research in this study includes several stages, including preliminary design, calculation of loading, 
structural modeling, structural analysis, and pushover analysis. The flow chart in this final project research is 
presented in Figure 1. 

 

   
 

Figure 1. Flow Chart 
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3. RESULTS AND DISCUSSION 
3.1 Modeling and Analysis of Building Type 1 

 

Figure 2. elevation view (Building Type 1) 

 

 

Figure 3. Pushover curve (Building type 1) 

 

Figure 4. capacity spectrum curve ATC 40 (Building type 1) 
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Figure 5. Bilinear curve FEMA 356 (Building type 1) 
 
 

3.2 Modeling and Analysis of Building Type 2 

 

Figure 6. elevation view (Building Type 2) 

 

 

Figure 7. Pushover curve (Building type 1) 
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Figure 8. capacity spectrum curve ATC 40 (Building type 2) 

 

 

Figure 9. Bilinear curve FEMA 356 (Building type 2) 
 
 

3.3 Pushover Analysis 
3.3.1 Displacement 

 

Figure 10. Displacement of Type 1 and Type 2 Building in the X-Direction 

 

Figure 11. Displacement of Type 1 and Type 2 Building in the Y-Direction 
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Based on the results of pushover analysis, it is shown that the building that has the maximum displacement 
in the X direction (Figure 10) and the Y direction (Figure 11) is in type 2 buildings, ie buildings with a ratio of 
setback area smaller than type 1 buildings namely 515.68 mm in X direction and 558,105 mm in the Y direction. 
The results are following one of the journals in which the most significant displacement was in a regular 
building.[1][11]. 

 
3.3.2 Story Drift 

 

Figure 12. Story Drift of Type 1 and Type 2 Building in the X-Direction 

 

Figure 13. Story Drift of Type 1 and Type 2 Building in the Y-Direction 

 

Based on the results of pushover analysis shows that the building that has the most significant story drift 
in the X direction (Figure 12) and the Y direction (Figure 13) is in the type 2 building that is the building with a 
setback area ratio smaller than the type 1 building that is, 0.0186 in the direction X and 0.0043 in the Y-direction. 
The results are per one of the journals wherein the study the most significant story drift was in a regular building 
[1] [12][13] 

 
 

3.3.3 Base Shear 
 

Table 1. Maximum Base Shear 

Building Type Maximum Displacement Maximum Base Shear 

mm KN 

Type 1 499,308 50260,549 

Type 2 499,654 53560,488 
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3.4 Performance Level Result 
 

Table 2. Performance Level Result 

 Direction Parameter Pushover 
Analysis Result 
ATC-

40 
FEMA 

356 
Type 

1 
x-x Performance 

Point, Δm 
(m) 

0,432 0,525 

Actual Drift 0,011 0,013 
Performance 

level 
Damage 
Control 

Damage 
Control 

y-y Performance 
Point, Δm 

(m) 

0,445 0,595 

Actual Drift 0,012 0,015 
Performance 

level 
Damage 
Control 

Damage 
Control 

Type 
2 

x-x Performance 
Point, Δm 

(m) 

0,403 0,720 

Actual Drift 0,010 0,018 
Performance 

level 
Damage 
Control 

Damage 
Control 

y-y Performance 
Point, Δm 

(m) 

0,403 0,705 

Actual Drift 0,010 0,018 
Performance 

level 
Damage 
Control 

Damage 
Control 

 
Based on Table 2 the level of structural performance based on ATC 40 and FEMA 356 is at the level of 

Damage Control which means the building is still able to withstand earthquakes that occur with minimal risk of 
human casualties [14] [15][16]. The results refer to a journal in which the setback building is at the Damage Control 
level [3]. 
 
4.  CONCLUSION  

From the results of the analysis and discussion of the two types of setback buildings with a soft first story, 
the following conclusions can be drawn: 

1. The building that has the highest displacement in the X direction and the Y direction  is in the type 2 building 
that is the building with a setback area ratio that is smaller than the type 1 building that is 515.68 mm in the 
X direction and 558.105 mm in the Y direction. 

2. The building that has the most significant story drift in the X direction and the Y direction is in the type 2 
building that is the building with a setback area ratio that is smaller than the type 1 building that is, 0.0186 
in the X and 0 directions. 0043 in the Y direction. 

3. Maximum shear forces based on capacity curves in type 1 and type 2 buildings are 50260.55 kN and 53560.49 
kN. 

4. The Structural performance level based on FEMA 356 displacement coefficient method and ATC-40 capacity 
spectrum method on both building types are at Damage Control level which means the building is still able 
to withstand earthquakes that occur and not experience significant damage. 

5. In buildings type 1 and type 2, the first yielding occurs in the first beam then the column, which means the 
building is under the strong column weak beam system. 
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 Abstract. This progress report contains about the achievement of the 
implementation of the program of research in the development of teaching 
materials in the form of an integrated jobsheet. The second stage of the 
development will be done in 2018 with the goal to find: 1) the evaluation result 
from the expert, lectures, and students, 2) the obstacles during the try out, and 
3) the feasibility of the jobsheet draft as a lab teaching material. 
Research using Dick & Carey development model, in review and test the 
research involving 2 experts, 7 course lectureres,and 24 students in mechanical 
engineering department. Data obtained using questionnaire enclosed and open 
questionnaire. Data were collected in the form of comments and suggestions as 
well as the evaluation result toward the integrated jobsheet were analyzed by 
descriptive qualitative and quantitative improvement. The test results stated: 1) 
the content expert test is very decent; design / media expert is very decent; 
individual very decent; small group is very decent; and field testing of students 
and lecturer decent and very decent. 2) components that need to be revised from 
the entire contents of the test results and instructional design experts to field 
test were: The contents of the summary should be more material-oriented than 
the summary of jobsheet parts, in addition to trouble shooting ignition 
problems, it is necessary to add maintenance material that is preventive 
maintenance, assessment rubrics for evaluation /practical tasks need to be made 
in more detail from simple to complex practices. Summary and evaluation 
analysis tools must be clear, the amount of test practice material so that there is 
a balance of theory and practice, the size of the book should be chosen for an 
elegant appearance, especially if proposed to ISBN. Based on test data and 
analysis of the abovementioned, teaching material draft can be declared eligible 
as the practical of teaching jobsheet. This research only reached the stage of 
formative evaluation on Jobsheet, it is expected in the future to do more 
research to determine its effectiveness in an effort to increase the competence 
of students. 
 

Keywords: Development, jobsheet integrated, competency standards, Polytechnic 
 
 
1. INTRODUCTION 

Polytechnic is a professional institute of higher education oriented to the needs of industry and ready-
made resilience of learners become members of the community who have professional skills in their respective 
fields. In order for students or graduates of Polytechnics to be more competitive in the industrial world can be used 
in the world of work, of course they must have the competencies needed by the industry. Jobsheet in electricity 
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and automotive electronics practices based on SKKNI must be able to cover all competencies needed by the 
industry as formulated in the curriculum [1]. Student hard work also require more intensive practice learning. The 
course subjects that practice teaching materials are still not classified as the practice of Electricity and Electronics.  
Based on the preliminary survey of the research team, it concludes that there are two main issues in practical 
learning: l) the absence of innovative practice learning modules, practical lecture materials as outlined in the lesson 
plan (RPP) and Jobsheet less relevant to the Indonesian National Work Competency Standards (SKKNI) 
automotive field [2] and 2) practice teaching method with lecture (conventional) still become habit of teaching 
team. Based on the background explanation above, the main problem of this development research is how is the 
draft form of teaching materials in the form of an integrated jobsheet based on SKKNI in automotive field for 
electrical engineering and automotive electronics courses that can improve the achievement of competence in 
students majoring in mechanical engineering of Polytechnic.  

Jobsheet as a practical teaching material used in the practice of electricity and automotive electronics 
majoring in mechanical engineering at Bali State Polytechnic has not fulfilled the demands of the applied 
curriculum, the number is very limited, meaning that it has not fulfilled the number of job practices available in 
electrical and automotive electronics practices. Judging from the scope of the material content, the number of 
jobsheets is still lacking which supports the Indonesian National Work Competency Standards (SKKNI) in the 
automotive sector,nor has the formulation of basic competencies and competency standards been found by 
students[6]. In addition, the evaluation aspects listed in the jobsheet show learning evaluations that do not focus 
on measuring the competencies achieved by students every time they finish learning per competency. Likewise, 
the implementation of evaluations in the form of tests developed by lecturers,emphasizes more on understanding 
cognitive content, has not focused on measuring attitudes and skills of students in the form of action tests 
(performance test). This condition has the potential to produce graduates who are not in accordance with the 
expected competency standards. [3] 

As a practical teaching material, an integrated Jobsheet is a practical learning tool where the learning 
sheets are organized into a single unit. The learning sheets include: information sheets, instruction sheets, operation 
sheets,self check sheets, and evaluation sheet tools. Measurement of competency achievement in the action test 
sheet (porphomance test). These learning sheets are not separated from each other or must be an integral whole to 
achieve learning goals [4]. Referring to the problems above, it is necessary to improve the effectiveness and 
efficiency of the implementation of the electrical and automotive electronics program which is carried out by 
increasing the relevance and systematization of the jobsheet structure in accordance with competency 
requirements.[4] Thus an integrated jobsheet is needed for electrical and automotive electronics practices that are 
business oriented to support the improvement of student competency achievement. The results of the first year 
research (2017),have obtained drafts of electrical practice and automotive electronics textbooks based on the 
Indonesian National Work Competency Standards (SKKNI). Jobsheet's draft or prototype, the material is 
developed based on competency standards, basic competencies, and indicators of achieving competence. The main 
material of electrical and automotive electronics practice consists of 5 parts, namely: 1) conventional ignition 
system 2) electronic ignition system 3)body electrical system 4) filling system and 5) starter system. This 
development research is carried out in two phases, the first phase is carried out in 2017,and has received a jobsheet 
draft. The second phase is carried out in 2018 with the aim of knowing: 1) the results of the assessment of experts, 
lecturers and students, 2)constraints that need to be revised during the trial, and 3)the feasibility of the jobsheet 
draft as practical teaching materials. [3] Based on the preliminary survey of the research team, it concludes that 
there are two main issues in practical learning: l) the absence of innovative practice learning modules, practical 
lecture materials as outlined in the lesson plan and Jobsheet less relevant to the Indonesian National Work 
Competency Standards (SKKNI) automotive field and 2) practice teaching method with lecture (conventional) still 
become habit of teaching team. Based on the background explanation above, the main problem of this development 
research is how is the draft form of teaching materials in the form of an integrated jobsheet based on SKKNI in 
automotive field for electrical engineering and automotive electronics courses that can improve the achievement 
of competence in students majoring in mechanical engineering of Polytechnic.[5] 

 
 

2. METHODS  
2.1 Types and Research Design 
This research material development study using the model of Dick & Carey (2007) and designed to take place in 
two years. A summary of key activities, subjects and products to be achieved within two years can be briefly 
described in the following Table 1. 
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Table 1. Table Expected Summary Of Activity And Product In The Second Step Of 2018 
 

Step Main Activities Subject Product 
II-2018 1. Conduct expert test 

2. Analyzes and revisions I 
3. Conduct individual testing  
4. Analysis and revisions II 
5. Conduct group test small 
6. Analysis and revision III 
7. Conduct a class test 
8. Analysis and revision IV 
9.Dissemination 

1. Field experts Studies 
2. Technologist 
Learning 
3. Assessment Expert 
4. College student 
5. Lecturer/Instructor 

Practical teaching 
materials In the form of 
an integrated jobsheet 
that has been Validated 

    
2.2 Population and Sample  
The population of the study were students and lecturers of mechanical engineering, where the students were 140 
people and 63 lecturers at the State Polytechnic of Bali. Samples were taken as many as 71 students distributed in 
three classes, namely engineering courses of classes IVA, IVB and IVC classes in 2018, and 7 lecturers special 
lecturer at Lab.Otomotif. In detail the state of the population is presented in the following Table 2. 
 

Table 2. Sample Population of Research Preparing the Practice of Practice Materials in the Form of Integrated 
Jobheet at Bali State Polytechnic 

 
No Study Program Number of Classes Number of people 

1.  
 
2.  

Student majoring mechanical engineering 
(Smt IV)  
Lecturer/Instructor of Mechanical 
Engineering at Lab.Otomotif  

3 
 
- 

71 
 
7 

 Amount  3 78 
 
2.3 Second Year Development Procedure 
The activities carried out in the development of practical teaching materials in the form of this jobsheet are as 
follows: a) Determination of Trial design, b) determination of Try Out Subjects, c) Identifying Data, d) Establish 
Research Instruments. 
 
2.4 Data Analysis  
Data collected from questionnaires from expert responses, students, and lecturers were analyzed descriptively. The 
feasibility and criteria for product revision are as follows [2]. 
 

Table 3 Feasibility Level and Product Revision Criteria 
 

Scorecoards (%) Eligibility 
82,3 – 95,0 
69,7 – 82,3 
44,3 – 69,7 
31,7 – 44,3 
19,0 – 31,7 

Very worth it 
Well worth it 
Quite decent 

Less feasible, needs to be revised 
Very unfeasible, it needs to be revised 

 
 
3. RESULTS AND DISCUSSION 
Research on the development of teaching materials in the form of an integrated jobsheet of Electrical Practices 
and Automotive Electronics based on the Indonesian National Work Competency Standards (SKKNI) in the 
automotive light vehicle sector at the stage of the 2nd year focused on developing the realm of review and trial, 
where the discussion focused on presenting and analyzing good data qualitative data in the form of responses and 
suggestions (revision) and quantitative which are the results of the assessment of teaching materials in the form of 
jobsheets developed [6]. The development of electricity practice and automotive electronics teaching materials 
based on the automotive field SKKNI in the second year (2018) stage is conducted the feasibility test of teaching 
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materials for students and lecturers and feasibility tests through content and design /learning media expert tests, as 
well as limited individual and field trials. The activities that have been carried out with the following results. 
 
 
 
3.1 Test Expert Learning Content 
The learning content expert is an expert in mechanical engineering and also at the same time a senior lecturer at 
Udayana University. As an assessor of the teaching materials for electrical and automotive electronics practices 
carried out by Ainul Ghurri Ph.D from the Faculty of Engineering, Udayana University, Denpasar. Competence 
Ainul Ghurri is an expert in mechanical engineering. Based on the data recapitulation the results of the assessment 
of the content of experts on the draft teaching materials for electricity and automotive electronics based on SKKNI 
in the automotive field of light vehicles is 95%. In the open questionnaire, there are several inputs from the learning 
content experts that will be described in the discussion section.  
 
3.2Test Design/Learning Media Expert 
Design experts/learning media were also asked to provide an expert in the field of learning technology from 
Undiksha. As a design and media expert, DR. I Made Pageh, M.Hum. His competence is one of the experts in the 
field of learning technology at the University of Education Ganesha Singaraja. Based on the data recapitulation of 
the assessment results of the learning design experts on the draft teaching materials for electrical and automotive 
electronics teaching practices based on the automotive field SKKNI obtained: 95.93%. Through an open 
questionnaire, there are several inputs from design experts and learning technology that will be described in the 
discussion section. 
 
3.3 Field test for lecturer 
In this case, the field trial was also given to lecturers on electrical practice and automotive electronics courses 
through a questionnaire to assess the practical teaching materials being developed. The results of the lecturers' 
assessment through a closed questionnaire showed a percentage of 86.75%. When converted into a range of 
feasibility and revision criteria for practical teaching materials with a level of achievement of a scale of 100, this 
percentage is in a very decent qualification, so that revisions are made to the teaching material only according to 
suggestions from the lecturer as explained in the discussion section Based on the results of the assessment of 
content and design experts as well as the assessment of electrical practice lecturers and automotive electronics can 
be described in the following diagram. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1. Test Results for Content Experts,Learning Designs and Lecturers. 
 
3.4 Individual and Small Group Test Results 
In this case the trial subject was a sixth semester student majoring in mechanical engineering at Bali State 
Polytechnic. Individual trial subjects are chosen randomly,as well. Small group trial subjects selected 6 students 
randomly based on the cluster of low, medium, and high ability of each cluster of 2 people.  
Based on the calculation of the data recapitulation of the results of individual and small group trials of draft 
teaching materials on electricity practices and automotive electronics based on SKKNI in the field of automotive 
light vehicles obtained results: 84.38% and 84.82%. Through an open questionnaire, there are a number of inputs 
from students which will be described in the discussion section. 
 
3.5 Field Trial Results 
The subjects of the field trial were VI semester students and lecturers of electrical and automotive electronics 
practice in the mechanical engineering department of Bali State Polytechnic. Field trials were conducted at the 
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Bali State Polytechnic mechanical engineering department. The field test involved 7 lecturers and 24 students of 
the sixth semester. The average percentage of lecturer and student assessment results on practical teaching 
materials in the form of integrated jobsheet through an open questionnaire is 86.75% for the average score of the 
assessment of the lecturer group with some input that will be described in the discussion section. 

Based on the results of individual testing, small groups and field tests from students on the design of 
teaching materials in electronic and automotive electrical practices can be explained in the form of the following 
diagram. 
 
 
 

 

 

 

 

 

 

 
                                  Figure 2. Individual Test Results,Small Groups and Student Field Tests. 
 

Research on the development of teaching materials in the form of an integrated jobsheet of electrical and 
automotive electronics practices based on the Indonesian National Work Competency Standards (SKKNI) in the 
light vehicle automotive sector at the stage of the 2nd year focuses on developing the realm of review and 
trial,where the discussion is focused on the presentation and analysis of good data qualitative data in the form of 
responses and suggestions (revision) and quantitative which are the results of the assessment of teaching materials 
in the form of jobsheets developed. 

Activities at the review or trial stage, the results of the development are carried out by evaluating the 
contents and design of learning media through expert content and design assessments. The product implementation 
in the form of jobsheet is carried out through individual, small group and field trials. The aim is to find out the 
effect on the quality of learning which ultimately aims to improve the achievement of the competency standards 
of students. Which includes changes, indicators of learning, content or content of learning materials, summaries, 
tests, answer keys, and others. Introduction includes completeness and clarity of content, sentence composition, 
ease, writing, attractiveness, and basic competencies (KD). The learning indicator (IP) includes the conformity of 
KD with IP, systemic compilation, formulation, presentation, and writing. The learning content includes the 
suitability of the material with IP, sequence, material description, presentation, and writing. The summary includes 
relevance to IP, source of test material, distribution of domains, number of items and writing. The answer key 
includes the correctness of the answer, meaning, writing and display. While others include effectiveness, 
attractiveness and efficiency of learning [6]. 

The implementation of this research is carried out only to formative evaluation, which deals with 
improvements to product development. The implementation carried out in this study is not comprehensive because 
in general there are only five jobs from the electrical and automotive electronics practice subjects. The last stage 
is to conduct evaluations which include formative evaluation and summative evaluation. Formative evaluation is 
carried out to collect results data at each stage that is used as reference in refinement while summative evaluation 
is carried out at the end of the program to determine its effect on student learning outcomes and the quality of 
learning broadly. At this stage of the research only formative evaluation was carried out, because this type of 
evaluation was related to the stages of development research to improve the development of the resulting teaching 
materials. 

Based on the results of expert content and learning design assessment with a closed questionnaire on the 
subject of the development of teaching materials in the form of jobsheet Electrical Practices and Automotive 
Electronics, the assessment percentages were 95% and 95.93% respectively. The amount of each percentage if 
converted into Table 3. Regarding the level of eligibility and revision criteria with the conversion of the 
achievement level of the second 100 scale the percentage of the percentage is in a very decent qualification. This 
means that the practical teaching materials in the form of jobsheet are very suitable for the contents of the 
development material to be used as learning media in Electrical and Automotive Electronics Practices with the 
aim of increasing the achievement of polytechnic student competency standards and teaching materials only need 
to be revised sufficiently. 



LOGIC 
Jurnal Rancang Bangun dan Teknologi                                Vol. 20 No. 2 July 2020 

 Journal of Engineering Design and Technology  78 

The revisions made to teaching materials based on input from content experts and learning design experts 
in Electrical and Automotive Electronics Practices are: 1) the details of the contents of the Information Sheet and 
Operation Sheet need to be detailed in the contents of the table of contents, 4) work safety has not been included 
in the competency basic and final learning objectives, 5) in addition to trouble shooting ignition problems, it is 
necessary to add maintenance / maintenance materials that are preventive maintenance, 6) assessment rubrics for 
evaluation / practical tasks need to be made in more detail (from simple to complex practices; or for example 
referring to psychomotor level in learning / psychomotor domain of learning), 7) summary and evaluation analysis 
tool must be clear, 8) the amount of practice test material so that there is a balance of theory and practice, it is 
recommended to make as many as 20 tests, 9) summary of teaching material transferred after the material of this 
guidebook, 10)the size of the book should be chosen so that the appearance is elegant, especially if it is proposed 
to the ISBN. 

In the case of individual and small group trial subjects selected 1 and 6 students of the sixth semester 
majoring in mechanical engineering at Bali State Polytechnic were randomly selected based on the cluster of low, 
medium,and high ability of each cluster of 2 people. The percentage of their assessment through an open 
questionnaire on the development of practical teaching materials in the form of jobsheet was 84.38% and 84.82%. 
When converted into Table 3. About the level of eligibility and revision criteria with the conversion of the level 
of achievement of scale 100 then the category is very feasible and needs to be revised accordingly according to 
the input given by the student. Revisions made based on input during individual and small group trials of students 
on an open questionnaire include:1) the cover should be added to the D3 Mechanical Engineering study program, 
2) use brighter colors in the guidebook writing 3) the instructional material was made in more detail, 4) the jobsheet 
preparation was made as interesting as possible so that it could attract student motivation. 

In terms of the subject of field trials of the sixth semester students of mechanical engineering in number 
of 24 people. Showed that the percentage of the achievement of the development of practical teaching materials 
according to the student's assessment was 81.62%. If the percentage is converted into Table 3. About the feasibility 
and revision criteria for practical teaching materials at the level of achievement of 100, this means that the 
percentage of teaching materials in practice is in a proper qualification, so that teaching materials only require 
revisions according to suggestions and input from students, namely 1) overall need to add a lot of pictures of the 
ignition system and explanation, 2) between sample questions and answer keys are multiplied and need to be set 
more spacing distance, 3) how to assemble the ignition system components need to be explained in more detail, 
4)jobsheet material made more detail, 5) need to add some picture information and clarify, 6) overall teaching 
materials on electrical practices and automotive electronics in the form of integrated jobsheets are good. 

In this case, the field trial was also given to the lecturers of the Automotive Electrical and Electronics 
Practices subject through a questionnaire to assess the practical teaching materials being developed. The results of 
the lecturers' assessment through a closed questionnaire showed a percentage of 86.75%. When converted into 
Table 3. Regarding the feasibility and criteria for revising practical teaching materials with a level of achievement 
of 100, this percentage is in very decent qualifications, so that revisions are made to teaching materials only 
according to the suggestions of the lecturers, namely: 1)pictures enlarged so that the picture description is clear, 
2)technical English terms on the self check sheet and operation sheet are written in italics, 3) real pictures need to 
be added to the operation sheet component, 4) in summary in addition to the practice procedure it is necessary to 
add practical material. ) instructional material needs to be developed sustainably along with the development of 
technology in the field, 6) overall the draft materials for teaching electrical and electronic practices are good. 
 
4.  CONCLUSION  

Based on the level of feasibility and revision criteria for the development of practical teaching materials 
that, quantitative data from the test results (assessments) of experts in the contents of teaching materials on 
electrical practices and automotive electronics with an average percentage: 95% stated very feasible, design 
experts and learning media: 95, 93% said it was very feasible, individuals: 84.38% very decent, small groups: 
84.82% very feasible. Whereas the field test from the lecturer at the level of feasibility: 86.75% said it was very 
feasible,from students: 81.62% said it was very feasible. 

All assessment results on the development of teaching materials on electrical and automotive electronics 
practices, both from content and learning design experts to the results of field tests provide some input in the form 
of suggestions namely; 1) The contents of the summary should be more material-oriented than the summary of 
jobsheet parts, 2) in addition to trouble shooting ignition problems, it is necessary to add maintenance/maintenance 
materials that are preventive maintenance. 3)assessment rubrics for evaluation/ practical assignments need to be 
made more detailed from simple to complex practices, 4) summary and evaluation analysis tools must be clear, 5) 
the number of practice test materials so that there are theoretical and practical balances, then 20 tests are 
recommended , 6) the size of the book should be chosen for an elegant appearance, especially if it is proposed to 
the ISBN. 

Drafts of practical teaching materials in the form of integrated jobsheets material testing practices and 
metrology can be declared feasible as practical teaching materials. 
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Abstract. In terms of cost utilization, formwork is the largest cost component 
in concrete work on a building project. The cost for formwork is about 40-
60% [6] of the cost of concrete work or about 10% of the total cost of building 
construction. With two methods of formwork i.e. conventional and half 
system formwork, the authors want to know the comparison of which 
formwork method is best in the aspect of cost savings, and the execution time 
for the formwork of columns on the Standard Villa project. From 2 (two) 
methods proposed then it is chosen the second method; that is formwork 
column with method of half system as best alternative. The savings can be 
done from the first method to the second method as much as 26.17%, while 
in terms of savings time that can be done with method 2 is equal to 5% of 
method 1. 
 

Keywords: Formwork, Column, Cost, Time. 

 
 
1. INTRODUCTION 

  Construction activities are building activities. Generally existing construction buildings tend to use 
concrete materials. Concrete works consist of iron reinforcement, formwork, and foundry. Concrete requires a 
formwork as well to get the planned shape. Formwork is a temporary tool, but formwork plays a very important 
role, to make the form of concrete as desired and depends on the quality of the formwork material itself. The 
quality of formwork is greatly influenced by the material itself, therefore, the formwork must be made from 
material that has sufficient quality and needs to be planned in such a way so that the construction does not suffer 
damage due to deflection or bending arising from the load and foundry process [1]. 

With the development of technology and the increasingly high demands, especially on the formwork 
work on concrete structural work, it has triggered the development of various systems and formwork methods with 
the use of various types of materials and tools. Generally, the most dominant materials used for formwork are 
wood or bamboo as scaffolding, because wood is a high-strength material with low density, easy to replace and 
does not require a long time, able to withstand tensile forces and easy to get on the market [2]. However wood is 
also a material that cannot be used for long spans, has a relatively large expansion and shrinkage, some types of 
wood are less durable, less homogeneous with defects - natural defects such as the direction of fibers that form 
cross sections, spirals, diagonals, wood eyes and so on, and some types of wood are less durable, therefore the use 
of wood as a formwork material needs special and serious attention. In planning formwork work on a construction 
work, it requires a lot of consideration so that the use of methods or systems that are used is more economical and 
efficient. Therefore, good planning, supervision and implementation and adequate evaluation methods are needed 
to anticipate this [1]. 
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In line with the development of the construction world in Indonesia, construction actors are required to 
find better methods to choose the type of concrete mold. Currently large-scale building projects are increasingly 
popular by using semi-conventional formwork that uses plywood and hollow iron, although the price of hollow 
materials is more expensive and easily absorbs heat, but installation with these hollow tends to be faster because 
the ability to install does not require skills that are too high, fireproof (hollow iron), anti termites and rodents, and 
have a pretty good quality because the material is suitable to use for long period of time so that it can be used many 
times. Hollow can reduce the occurrence of deflection in the formwork, so it does not change the form of the 
formwork. Therefore, the hollow is used as a formwork stiffener and manufacturing formwork (knock down) [3]. 
Therefore, it is necessary to examine more deeply about the use of hollow as mold reinforcement, especially in 
concrete column work. 

Based on the above thinking, it is necessary to conduct a study of the comparison of the use between 
conventional and semi-conventional formworks, and then it is done the calculations so that the cost efficiency in 
the process is obtained. The problems of this research that can be raised in this writing are: 1) which is more 
effective and efficient between the use of wood beam as formwork reinforcement compared to hollow on column 
making work?, 2) how much are the cost and time needed between wood beam as reinforcement and  hollow 
formwork as reinforcement for column formwork. The objectives of this research are: 2) to find out which one is 
more effective and efficient between the use of wood beam as reinforcement formwork compared to the use hollow 
as formwork reinforcement, 2) to find out how much the cost and time needed between wood beam as a formwork 
amplifier and  hollow as column formwork reinforcement. The benefits of this writing are: 1) it can be calculated 
the comparison of the cost and the time taken between wood beam as formwork reinforcement and hollow 
formwork as column formwork reinforcement, 2) it can be provided a general description and input to the parties 
involved in the construction industry about choosing alternative uses from the two comparisons.  The scopes used 
in this study are: 1) observation studies are only limited to column work, 2) the analysis carried out covers the 
costs and time of column formwork work, 3) Analysis refers to the final results of the formwork work.  
 
2. METHODS  

The research method is used as the basis for successive steps based on the research objectives and become 
a tool used to draw conclusions, so that the expected solutions can be obtained to achieve the success of the 
research.  
 
2.1 Location and Time  
The research location is in the Standard Villa development project which is part of the Greenhill Resort Jimbaran 
project located at Batu Meguwung street, Jimbaran, South Kuta. The time of research began on August 1, 2017 
(for 10 weeks) along with the time of industrial internship.  
 
2.3 Data Collection  
To simplify the analysis of the data needed, namely: Image of the structure of the Standard Villa project, Work 
Unit Prices (HSP), Value Engineering.  
 
2.4 Stage and Research Process  
Phase I (Preparation), Phase II (Research Object Determination Stage), Stage III (Data Collection Stage), Stage 
IV (Data Analysis Stage), Stage V (Discussion Stage)  
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Figure 1. Chart of Research Flow 
  
3. RESULTS AND DISCUSSION 

Column is a compressive structural element that plays an important role in a building. Formwork is referred 
to as a reference and scaffold is a temporary construction that functions as a mold or mall for liquid concrete to 
finally harden into a building structure [4]-[7]. From the above understanding and according to the plan flow that 
has been explained previously in carrying out the analysis, it is necessary to analyze it by following step by step.  
 
3.1 Information Stage  
The identity of the Standard Villa development project is as follows:  

a. The project name                             : Standard Villa                                                          
b. Location                                           : Batu Meguwung street, Jimbaran, South Kuta, Badung, Bali  
c. Project owner                                   : PT. Jimbaran Greenhill  
d. Cons. Of structure planner               : PT. MEINHARDT Indonesia  
e. Cons. Of architect planner               : GKAI (Grounds Kent Architects Indonesia)  
f. Contractor                                        : PT. Tunas Jaya Sanur  

 
3.2  Data Analysis 
Calculating the Area of Formwork  

Column C1               = 34.74 m 2  
Column C2               = 9.264 m 2  
 Column C3               = 6.176 m 2  

Start 

Preparation 
• Determine the Problem 

Formulation 
• Setting Goals 

Price Analysis: 
Conventional Formwork 
Semi Conventional Formwork 

Value 
Engineering 

Identification of Data 
Needs 

Primary Data: 
Image of Project Plan 
Job volume 
Unit Work Prices 
Working MethodRKS 

 

Coclusion 

Secondary Data: 
When making 1 
column formwork 

Time Analysis: 
Conventional Formwork 
Semi Conventional Formwork 

Finish 
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3.3  Execution time  
a. Conventional Formwork  

Installation time         = 47 days  
Bonding time             = 51 days  
Time of demolition    = 11 days  

b. Semi Conventional Formwork  
Installation time         = 43 days  
Bonding time             = 47 days  
Time of demolition    = 11 days  

 
3.4  Cost calculation  
a. Conventional Formwork Costs  

-  For the repetition of formwork for twice, the cost obtained = Rp. 215,731,264.30  
-  For repetition of formwork for three times, the formwork costs that can be obtained = Rp.176,786,639.87  

 
b.  Semi Conventional Formwork Cost  

- The use of hollow for twelve times and multiplex for twice   = Rp . 157,160,250.33  
- The use of Hollow for twenty times and multiplex three times = Rp . 130,519,019.39 
  

3.5 Resume 
A resume of these costs is shown in Table 1 below: 
 

Table 1. Cost Resume 
 

Description Conventional Unit Semi Conventional Unit 
Time:     
Time installation 47 hour 43 hour 
Time Tie it up 4 hour 4 hour 
Timetotal 51 hour 47 hour 
Time Demolition 11 hour 11 hour 
Price Used 2x Used 3x Million Hollow 12 x and 

multiplek 2x 
Hollow 20x and 
multiplek 3x 

Million 

Manufacturing costs 1 unit villa   14.036.042,67   14.036.042,67 Million   32.319.949,76  32.319.949,76 Million 
Cost of making a plan 168.432.512,09 112.288.341,39 Million 127.445.905,10  80.190.056,05 Million 
Damage fee    24.777.968,22   33.788.138,48 Million     7.193.561,23    9.809.401,67 Million 
Wage fee    2.649.504,00     3.612.960,00 Million     2.649.504,00    3.612.960,00 Million 
Installation costs    9.935.640,00   13.548.600,00 Million     9.935.640,00   13.548.600,00 Million 
Demolition costs    9.935.640,00   13.548.600,00 Million     9.935.640,00   13.548.600,00 Million 
Total Cost 215.731.264,30  176.786.639,87 Million 157.160.250,33 130.519.019,39 Million 

 
 
4. CONCLUSIONS AND RECOMMENDATIONS  
4.1 Conclusion  

a. From the results of cost and time analysis, it is drawn the following conclusions:   
a) Formwork with conventional semi-systems is more effective because the time needed is 5% faster 

than conventional systems.  
b) Semi conventional formwork is more efficient because the costs required for semi-conventional 

formwork (1) are 27.12% less than conventional (1), semi-conventional Formwork (2) is more 
efficient because of the costs required for semi-conventional formwork ( 2) that is 26.17% less than 
conventional systems (2) and in this Standard Villa project.  

c) The savings that can be made from conventional formwork (2) is 18.05% from conventional 
formwork (1), and savings that can be made from semi-conventional formwork (2) is 16.95% 
compared to semi-conventional formwork (1).  

b. From the calculation of costs and time formwork, it can be concluded that:  
a) For the conventional formwork work (1) a fee of Rp.215,731,264.30 is obtained, whereas for 

conventional formwork (2) the cost obtained is Rp.176,786,639.87 with the implementation time of 
61 days.  

b) For semi-conventional formwork work (1) a fee of Rp. 157,160,250.33 is obtained, while for semi-
conventional formwork work (2) it is obtained the cost of Rp.130,519,019.39 with a implementation 
time of 58 days  
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4.2  Recommendations  
a. This comparison is not only done on column formwork structure work but it can also be done on jobs that 

have the potential to be compared, such as beam formwork, plates formwork, etc.  
b. For parties engaged in construction services for large-scale projects, it is better to use semi-conventional 

systems when doing formwork, especially for column formwork.  
c. In order for the implementation of the comparison to be more varied, it is better to use more and broader 

methods and comparative criteria, considering that at this time a variety of materials that are cheaper, 
easier and more qualified appear.  
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Abstract. The dashboard system is a graphical analytical model provided for 
management to present the information summary and quality of fish 
processing data in each stage processing in specific periods of time, from a 
company or an organization, the dashboard has been widely adopted by 
companies or businesses. The background of this research is a huge of 
complex processing data which is difficult and require sometimes to process 
and to present data analytical to management to monitor and review 
processing result and making decision based on data analytical. In this 
research, we design graphical analytical dashboard which make easy to 
present the quantity fish processed and seafood product summary analysis in 
each processing stage start from receiving, cutting, retouching, packing and 
shipment. By using this dashboard, management enable make quick decision 
based on analytical information related to how many fish processed, quantity 
of seafood product resulted per processing periods to decide and determining 
future plan strategy related to fish supply, market demand. The scope of this 
research is to present summary analytical data from the periods July until 
December of 2019. The dashboard model help management decision by 
presenting data analytical of fish processing. 

 

Keywords : dashboard, data analytical, fish processing, review, management 

 
 
1. INTRODUCTION 
	 Dashboard	as	an	information	system	application	model	provided	for	management	in	presenting	
data	analysis	information	such	as	quantity	of	fish	received	from	suppliers	to	total	amount	of	seafood	product	
produced	 for	each	 stage	of	 fish	processing	 in	 specific	periods.	 In	 this	 study,	 the	dashboard	 is	used	as	a	
monitoring	system	for	fish	reception	data	from	suppliers,	presenting	the	number	of	seafood	products	and	
grades	at	each	stage	of	fish	processing	from	receiving,	cutting,	retouching,	and	packing	to	shipping	at	PT	
Blue	Ocean	Grace	 International.	as	a	means	of	measuring	the	quality	of	 fish	received,	yield	analysis	and	
providing	data	to	make	decisions	in	determining	suppliers	rating	based	on	quantity	of	fish	delivered	and	
measuring	the	quality	of	fish	products	in	each	stage	of	processing.	The	dashboard	system	limits	in	this	study	
are	in	the	form	of	bar	charts	and	pie	charts,	and	developed	based	on	web	application	system.	Input	from	the	
system	is	in	the	form	of	data	on	fish	reception	and	processing	from	July	to	December	2019	at	PT	Blue	Ocean	
Grace	International.	The	results	of	data	processing	and	analysis	in	the	form	of	a	dashboard	analysis	of	total	
fish	 receipts	 from	 suppliers	 and	 total	 seafood	 products	 at	 each	 stage	 of	 processing	 are	 presented	 in	
graphical	chart	form.	The	results	of	the	dashboard	analysis	that	the	model	can	be	used	as	a	reference	in	
knowing	rating	suppliers	based	on	total	fish	delivered	to	processing	plant,	total	amount	seafood	product	
produced	in	each	period.	
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2. METHODS  
	 In	designing	the	dashboard	model	of	a	fish	processing	information	system,	there	are	several	stages	
that	 must	 be	 carried	 out.	 The	 stages	 of	 the	 research	 procedure	 start	 from	 identifying	 the	 system	
requirements,	 collecting	 data	 at	 each	 stage	 of	 processing	 starting	 from	 receiving,	 cutting,	 retouching,	
packing	and	shipping.	Furthermore	receiving	data	is	grouped	per	supplier	to	determine	the	amount	of	fish	
shipped.	Meanwhile	 cutting,	 retouching	 and	 packing	 data	 are	 grouped	 per	 grade	 of	 fish	 to	 present	 the	
quality	of	seafood	products	for	each	stage	of	fish	processing.	The	next	stage	of	planning,	in	the	form	of	meta-
analysis	of	the	total	quantity	of	fish	received,	the	total	quantity	of	seafood	products	in	the	process	of	cutting,	
retouching,	 packing	 and	 shipping.	 The	 next	 stage	 are	 planning	 dashboard	 functionality	 or	 the	 type	 of	
dashboard	type	to	be	used,	in	this	research	we	use	the	dashboard	type	bar	chart	and	pie	chart,	for	easy	to	
read	 and	 understand.	 The	 next	 stage	 is	 designing	 prototype	 dashboard	 for	 fish	 processing	 information	
systems,	designing	designs	 and	 layouts,	 and	designing	navigation	menus.	The	 last	 step	 is	 to	 review	 the	
dashboard	system	that	was	designed	and	make	improvements	to	the	revision	of	the	results	of	the	review.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 
 
 
 
 
 
 
 
 
 

Figure	1.	Flowchart	Design	Dashboard	System	
	
From	design	dashboard	system,	then	continue	to	design	user	interface	of	dashboard	system	as	below	
	
	

	

Requirement Identification 

Meta Information Analysis 

- Total Qty Receiving per 
Supplier 

- Total Weight Per Grade in 
Cutting, Retouching and 
Packing 

- Total shipment 

Dashboard Functional Design 

Dashboard Layout Design 

Dashboard Development 

Dashboard Review and 
Modification 
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Figure	2.	Login	User	Interface	
	

The	function	of	user	interface	login,	is	to	make	security	system	enable	login	only	from	registered	user.	To	
register	new	user	account,	it	manage	by	company	user	administrator,	which	the	user	interface	design	to	
create	new	user	could	be	seen	as	Figure	3.	

	

	
Figure	3.	User	Interface	New	User	Account	

	
Once	user	has	been	registered,	system	provide	user	interface	list	of	user	account	as	seen	in	Figure	4	

	

	
Figure	4.	User	Interface	List	of	User	Account	

	
User	interface	of	dashboard	each	stage	of	fish	processing,	presenting	total	weight	and	total	pieces	of	fish	
and	total	box	of	seafood	product	on	each	stage	of	fish	processing,	which	enable	to	generate	per	periods	of	
date.	User	interface	design	could	be	seen	in	Figure	5.	

	
Figure	5.	User	Interface	Design	of	Dashboard	Each	Stage	of	Tuna	Processing		

	
For	receiving	stage,	we	design	dashboard	system	in	the	form	of	bar	chart	presenting	total	weight	of	fish	
delivered	by	each	fish	supplier	in	specific	periods.	From	this	chart,	we	could	analyze	the	total	of	fish	weight	
delivered	by	supplier	to	know	which	supplier	has	deliver	the	most	fish	and	which	deliver	the	least	fish	on	
specific	periods.	User	interface	design	could	be	seen	in	Figure	6.		
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Figure	6.	User	Interface	Design	for	Receiving	Fish	Delivered	from	Each	Supplier	
	

After	 receiving,	 then	 process	 continue	 to	 cutting	 stage.	 Dashboard	 system	 present	 total	 fish	 weight	 to	
process	cutting	per	supplier	by	bar	chart,	so	we	could	analyze	the	most	fish	from	which	supplier	has	been	
process	cut	in	specific	periods.	

	
Figure	7.	User	Interface	Design	for	Cutting	

	
After	 cutting,	 then	process	 continue	 to	 retouching	 stage.	Dashboard	system	present	 total	 fish	weight	 to	
process	retouching	per	supplier	by	bar	chart,	presenting	the	most	/	the	least	fish	processed	from	which	
supplier,	as	seen	in	Figure	8.	

 	
Figure	8.	User	Interface	Design	for	Retouching	

	
Dashboard	 system	packing	 present	 total	weight	 seafood	 to	 pack	 in	master	 carton	 per	month,	 so	 graph	
present	pattern	level	of	production,	graphical	user	interface	design	could	be	seen	in	in	Figure	9.	

	
Figure	9.	User	Interface	Design	for	Packing	

	
Dashboard	system	stuffing/shipment	present	total	weight	seafood	to	be	shipped	per	shipping	transaction,	
and	graph	present	pattern	level	of	weight	seafood	product	to	ship	per	shipping	transaction,	graphical	user	
interface	design	could	be	seen	in	in	Figure	10.	
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Figure	10.	User	Interface	Design	for	Shipment	

	
	
3. RESULTS AND DISCUSSION  
3.1 USER INTERFACE SCREEN DISPLAY 
  User interface login function is to make system secure enable login only from registered user. Login 
consist of user name by inputting email of users and password to login. User credentials managed by user 
administrator. User interface login could be seen in Figure 11. 
 

	
Figure	11.	User	interface	for	login	system	dashboard	

	
User	interface	create	new	user	function	is	to	register	new	user,	managed	by	user	administrator,	could	be	
seen	in	Figure	12.	

	
Figure	12.	User	interface	Create	New	User	

	
User	has	been	registered	could	be	present	in	list	of	user.	Administrator	could	edit	user	or	remove	user	
from	the	list.	User	interface	could	be	seen	in	Figure	13.	
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Figure	13.	List	of	User	

	
Once	user	successfully	 login	into	dashboard	system,	then	system	present	total	weight	kg	per	processing	
stage	 for	 receiving	 stage,	 cutting	 stage,	 retouching	 stage,	 packing	 stage	 until	 shipment.	 Total	 weight	
calculated	per	specific	periods	present	in	each	stage	processing	as	seen	in	Figure	14.	

	
Figure	14.	Dashboard	each	stage	processing	per	specific	periods	

	
Dashboard	system	also	presenting	trend	level	total	weight	fish	or	seafood	product	processed	on	each	stage	
processing	per	month,	from	receiving	stage,	cutting	stage,	retouching	stage,	until	packing	stage	as	seen	in	
Figure	15.	

 	
Figure	15.	Trend	Level	Total	Weight	Fish	or		

Seafood	Product	in	Each	Stage	Processing	per	Month	
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Dashboard	system	presenting	in	pie	chart,	comparison	total	receiving,	cutting	and	retouching	per	periods,	
and	comparison	total	packing	and	shipping	per	periods.	This	chart	shows	up	percentage	of	weight	fish	to	
process	in	receiving,	cutting	and	retouching.	Also	shows	up	percentage	total	packing	and	shipping	in	specific	
periods	as	seen	in	Figure	16.	
	

	
Figure	16.	Percentage	Total	Weight	Fish	in	Receiving,	Cutting	and		

Retouching	and	Percentage	Total	Packing	and	Shipping	Per	Specific	Periods	
	

Dashboard	system	for	receiving	present	in	bar	chart	present	total	weight	of	fish	delivered	per	supplier.	This	
chart	provide	information	the	most	or	least	fish	delivered	by	supplier	on	specific	periods	of	date	as	seen	in	
Figure	17.	

	
Figure	17.	Dashboard	Total	Weight	of	Fish	Delivered		

Per	Supplier	In	Receiving	per	Specific	Periods	
	
Dashboard	 system	 for	 cutting	present	 in	bar	 chart	 present	 total	weight	 of	 loin	 as	 result	 of	 process	per	
supplier	in	cutting	stage.	This	chart	provide	information	the	most	or	least	loin	processed	in	cutting	from	
supplier	on	specific	periods	of	date	as	seen	in	Figure	18.	

 	
Figure	18.	Dashboard	Total	Weight	of	Loin	Processed	in	
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Cutting	Stage	per	Supplier	per	Specific	Periods	
Dashboard	system	for	retouching	present	in	bar	chart	present	total	weight	of	loin	as	result	of	process	per	
supplier	in	retouching	stage.	This	chart	provide	information	the	most	or	least	loin	processed	in	retouching	
from	supplier	on	specific	periods	of	date	as	seen	in	Figure	19.	

	
Figure	19.	Dashboard	Total	Weight	of	Loin	Processed	in		
Retouching	Stage	per	Supplier	per	Specific	Periods	

	
Dashboard	system	for	packing	present	 in	bar	chart	present	total	weight	of	master	carton	processed	per	
month.	This	chart	provide	information	total	weight	of	master	carton	and	trend	of	level	weight	loin	product	
to	pack	per	month,	as	seen	in	Figure	20.	
	

	
Figure	20.	Dashboard	Total	Weight	of	Master	Carton	Processed		

And	Trend	of	Weight	Master	Carton	for	Packing	Activity	Per	Month	
	
Dashboard	system	for	shipment	present	in	bar	chart	present	total	weight	of	master	carton	shipped	to	buyer	
per	shipping	transaction.	This	chart	provide	information	total	weight	of	master	carton	and	trend	of	shipping	
transaction,	as	seen	in	Figure	21.	
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Figure	21.	Dashboard	Total	Weight	of	Master	Carton		

Shipped	and	Trend	Weight	Master	Carton	Shipped	per	Shipping	Transaction	
	

 
3.2 Citation and References  
	 Some related research are Design of Interactive Sales Dashboard (Case Study: PT Jaya Bakery) 2018 by 
Sulistiawati [1] which is motivated by sales monitoring at PT Jaya Bakery is still done from looking at sales reports 
in tabular form presented in a spreadsheet application by the sales department. This interactive dashboard system 
can simplify the sales department in presenting sales reports in real time and make it easier for leaders to see sales 
developments and perform sales data processing. Other research is Monitoring Accountant User Performance 
Using Dashboard on Online Web Based Accounting in University by Untung Raharja [2].The other research is 
Dashboard Optimization in the Assessment System as Information Media in University by Untung Raharja [3].  
The other research is Design of Dashboard Model for Monitoring Student Evaluation, 2017 by Ilhamsyah [4]. In 
this study, the dashboard is used as a monitoring system for student evaluation in education in the Department of 
Information Systems FMIPA Pontianak Tanjungpura University as a means for measuring the quality of students 
and make decisions in determining the future strategy of student coaching environment in the Department of 
Information Systems FMIPA Untan Pontianak. The results of the analysis using the tectical dashboard model show 
that the model can be used as a reference as a parameter in establishing KPI monitoring for Information Systems 
Department students. Other research is Design Dashboard of New Student Performance by I Gusti Ngurah Nyoman 
Bagiarta [5]. Next other research is design a Performance Monitoring Dashboard System with the Balanced 
Scorecard Model  (Case Study: BMT Beringharjo Yogyakarta) by Milasari [6]. And another research is Design of 
Dashboard System for Monitoring University Performance Indicators by Eva Hariyanti [7]. The purpose of this 
study is to design a dashboard system for monitoring and evaluating performance based on the university's key 
performance indicators (KPI). The research took a case study at the Faculty of Science and Technology, Airlangga 
University. The prototype test results show that the dashboard created has produced information that suits the 
needs of users at each level. Other research is Information System Dashboard  Based on Key Performance Indicator 
by Henderi [8]. 
 
 
4.  CONCLUSION  

The conclusion of this study is that fish processing system design stage consist of requirement 
identification, meta-information analysis, dashboard functional design, dashboard layout design, dashboard 
developmemt and dashboard review and modification. Based on dashboard developed, it could be used for 
management to analyze production result of each stage production from stage receiving, cutting, retouching, 
packing and shipping and to get information of trend total weight of seafood product processed and shipped per 
month or per shipment transaction, to have initial information for better planning strategy to make better production 
planning. 
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Abstract. Electrical energy affect to economic, electrical energy consumption 
will increase and decrease likely economics. In this globalization era, 
electricity consumption was increased trend yearly since industrialization era. 
The reliability Electrical energy is very important for economic growth. The 
lower SAIDI and SAIFI is the bench mark for reliability of electrical energy 
supply. The reliable of insulator cover type: YSL-70-AP affect to the 
reliability electrical distribution energy on over head distribution circuit. 
Insulator cover protected to over head distribution circuit againt animal, bird, 
tree ang other temporary disturbance. Insulator cover also to protect half 
insulated medium voltage cable againt partial discharge and flashover.   Over 
voltage stress more often during operation, to impact to the material 
insulation performance. This quantitative research founding:  insulator cover 
type: YSL-70-AP still feasible to use after voltage breakdown stress. The 
fault current is still under the maximum allowable leakage current (11,600 
micro ampere) which is 41.61 micro ampere, and breakdown voltage is still   
higher than minimum that specified (24 kilo volt), which is 49.63 kilo volt. 
Post breakdown voltage the material insulation performance of insulator 
cover type: YSL-70-AP is good, and reliable to continuous operation over 
head distribution circuit.  
 

Keywords : Cover, breakdown, performance. 
 
 
1. INTRODUCTION 

Energy consumption in globalization can also go up and down and may not always increase yearly, although 
it tends to increase in period 1992 to 2011 [1]. Energy consumption includes: oil, electricity and others. The world 
economic activity strongly influenced by electrical energy consumption.  There was bidirectional causality 
between economic growth and electricity consumption [2]. Indonesian Economic growing also need electricity 
growth. Electricity growth includes: capacity and reliability. 

There are several problems to reliability of electricity. The remote power plant impacted the problems. This 
reliable system is designed to guarantee the electrical energy availability.  Systems standard that meet reliability 
and secure operation, consumer rights protection, the National Electricity Company (PLN) benefit, and economic 
growth. Electricity System reliability measured by the lower of SAIDI and SAIFI value [3]. 

The height SAIDI and SAIFI is caused by many disturbances. Disturbance in the electrical distribution can 
be caused by abnormal equipment and by nature. That disturbance can be supply over voltage condition. Over 
voltage over than equipment capacity, can damage equipment in the electric power distribution system.  Continuity 
of operation after temporary voltage breakdown stress will only occur if the isolation performance is still in 
provided to protect in normal voltage. The general principle of insulation co-ordination requires a reasonable 
margin between the voltage level held by the protective device (the protectable level) and the various basic levels 
themselves to insure that adequate protection is provided [4].  

This research is very important to answer, the insulation cover performance after breakdown voltage stress. 
In this study the breakdown voltage was simulated in the test of breakdown voltage of the insulation cover. The 
good electrical insulation for medium voltage performance is more than 100 mega ohm [5]. Based on this, insulator 
cover post voltage break down stress must also have insulation resistance more than 100 mega ohm. After voltage 

p-ISSN : 1412-114X  
e-ISSN : 2580-5649 
http://ojs.pnb.ac.id/index.php/LOGIC 



LOGIC 
Jurnal Rancang Bangun dan Teknologi                     Vol. 20 No. 2 July 2020 

Journal of Engineering Design and Technology  96 

break down stress the voids and oxidation cover insulator is not increase, because the performance of electrical 
insulation is strongly influenced by high oxidation, voids, and a mixture of non-homogeneous [6].  
 
2. METHODS  

This research is quantitative research trough value measured, calculation and analysis. The formulation of 
these problems will be discussed by  samples testing of post voltage breakdown stress tested to Insulator Cover 
type : YSL-70-AP at the high voltage laboratory of Malang Brawijaya University. The test results  analyzed 
statistically and mathematically to obtain resistance and voltage breakdown value, comparing to the standard, and 
than taken conclusions. 

This research was conducted by measuring three samples post voltage break down tested. The three samples 
is the samples were taken from laboratory after voltage break down stress tested. Before first voltage break down 
stress, the samples randomly taken in  PT. Adi Putra warehouse. 

In this study, the observed magnitude of  voltage test, leakage current and the breakdown voltage post 
voltage break down tested. Transformer tester is the source of voltage test in this study. Leakage current is the 
value of current flowed in to the sample test, due to discharged test voltage. The breakdown voltage is the value 
of voltage at the time of insulation failure. 

Electrical test voltage against minimal insulation is tested with a voltage equal to the operating voltage. the 
minimum voltage for testing 20 KV equipment is 20 KV. The source of voltage test is variable step-up 
transformers. The value of  this study is measured by volt meters and ampere meters. The ampere meter protected 
from over current with parallel spark gap. All material and equipment are connected to grounding system for 
securely process. Tested are made between phase and grounding. 

For current leakage tested, each test sample (insulator cover post voltage break down stress tested) is placed 
between the electrodes of the AAAC conductor, the first electrode is given a 50 Hz AC voltage and the second 
electrode is grounded trough ampere meter. The voltage at the first electrode is increased step by step from 5 KV 
until 25 KV. Every 5 KV step, current leakage was measured with ampere meter. That current leakage tested 
process are repeated three time for each sample. 

For breakdown voltage tested, one by one sample (insulator cover) is placed between two electrodes. The 
electrode made from the AAAC conductor. The first electrode charged by a 50 Hz AC voltage and the second 
electrode is grounded directly. The voltage at the first electrode is increased step by step, until the beginning of 
the corona, until a breakdown and this voltage is recorded as a breakdown voltage. 

Data from the measurement are processed quantitatively. The resistance value result by the value of the test 
voltage divided by the leakage current. The average value is all resistance results are summed, then divided by the 
amount of data. 

The value of the breakdown voltage obtained by summing the value of breakdown voltage measurement, 
divided by the amount of data. In this way, the insulator cover breakdown voltage rate  obtained. 

 
3. RESULTS AND DISCUSSION 
3.1 Result 
  Unlimited resistance is a perfect insulating material. In the reality no once material is a perfect isolator. 
So many problem infected to the insolation, that are: material, production process, saving behaviour, shipping, 
installing process, operating dan disturbance [6].  One of the disturbance is breakdown voltage discharge. 
Breakdown voltage discharge results in excessive heat stress on to insulation materials. Age and heat stress will 
be decrease the insulator performance [7]. All electrical insulating materials flowed by current.   That is leakage 
current trough insulation material. This problem justify that the resistance of insulating material is not unlimited. 
The value of insulation material resistance according to Ohm's Law is voltage divided by leakage current equation 
below. 
 
 R=V/I           (1) 
 
Remark: 
R = Insulating Resistance (M Ω) 
V = Voltage charge due the sample (K V) 
I = Leakage Current (μ A) 
 
  The result of this research described by  figure and table. The data post voltage break down stress test 
collected by measured voltage between conductor and  electrode test, and current leakage trough conductor-sample 
post voltage break down -electrode test-ampere meter, like describe at Figure 1. Voltage  breakdown test just 
measured voltage between conductor and  electrode test insulated by sample post voltage break down, and without 
ampere meter to measure the current, like describe at Figure 2. 
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Figure 1. Post Voltage Break Down Current Leakage Test 
 
 

 
 

Figure 2. Post Voltage Break Down Voltage Break Down Test 
 
The voltage value to charge at flash over discharge is noted voltage breakdown. Data noted from value displayed 
at measuring equipment like volt meter and ampere meter. The data analyzed  by formula : 
 
 R=V/I = 5.28/16.82 = 316.18 M Ω 
 
The other  data analyzed with the same role. The data and output analysis  is describe at the table 1. 
Table 1. Data And Analysis Insulation Resistance Of Insulator Cover Type :  YSL-70 AP Post Voltage Breakdown 
Stress. 
 

Voltage 
(k V) 

Leakage 
Current 
(μ A) 

Resistance 
(M Ω) 

5.18 16.12 322.48 
10.37 33.30 313.06 
15.43 50.47 308.20 
20.03 70.70 285.93 
24.11 108.89 225.27 
Temperature (°C) 24.56 
Humidity 74% 
Pressure  (m BAR) 954.67 
Voltage corona (k V) 23.93 
Voltage Breakdown (k V) 49.53 
Average resistance (Ω) 290.99 

 
Like describe on the tabel 1, if voltage test are increase, he leakage current also increase. Figure 3 was display that 
increase. 
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Figure 3. The Current Leakage Vs Voltage Test Post Voltage Break Down Stress 
 
3.2 Discussion 
  Based on Table 1, the value of insulation resistance of the insulator cover post voltage break down stress 
is obtained as follows: 322.48; 313.06; 308.20; 285.93; 225.27;  M Ω. The average results are 290.99 M Ω. If 
Cover Insulator Type YSL-70 AP post voltage stress continuous operated on  20 KV system, the voltage phase to 
ground is : 20/√3 = 11.6 KV. When there is a ground fault disturbance by temporary interference, the ground fault 
current post voltage break down stress are : 11,600/290.990,000 = 39.86μA. The interference current is 39.86μA, 
only 0.34% from the allowable maximum  leakage current  its mean 1,000μA/KV x 11.6 KV =11,600 μ A. 
Based on Table 1, the breakdown voltage of 49.53 KV is obtained. Resistance to breakdown of 49.63 KV is equal 
to 206,38% higher than that specified in SPLN 1: 1995. This study found that after breakdown voltage stress, 
isolators cover are still feasible to use continuously in over head distribution system with AAAC or AAAS-S 
conductors. 
 
4.  CONCLUSION  

Based on the results of the research and discussion, conclusions of performance insulator cover post 
voltage breakdown stress disturbance, can be drawn as described.  The insulation resistance of insulator cover type 
: YSL-70AP post voltage breakdown stress disturbance is increase from 278.80 M Ω to 290,99 M Ω.  The 
breakdown voltage  of insulator cover type : YSL-70AP more decrease from 49.63 KV to 49.53 KV.  Insulator 
cover type : YSL-70AP is still reliable to cover the pin post insulator on 20KV over head distribution system after 
voltage breakdown stress disturbance, because: (a) The fault current is still under the maximum allowable leakage 
current (11,600 μ A) which is 41.61μA; and (b) Breakdown voltage is still   higher than minimum that specified 
(24 KV), which is 49.63 KV. 

Based on the results of this study, there are many  suggestions as describe: (a) PLN must utilize Insulator 
cover type : YSL-70 AP optimally, because the results of this study indicate the performance after voltage 
breakdown stress disturbance still feasible to use continuously. (b)  For further researchers, further research needs 
to be done, how many times the voltage breakdown can be held by insulator cover type : YSL-70-AP, but still 
reliable to use continuously. 
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Abstract. In the program of mechanical engineering, the software used to draw 
is Autodesk Inventor. Autodesk inventor is a CAD program in the program of 
engineering that is applied to the design of mechanics in 3D. In designing a 
tool, of course, it is preceded by a planned design concept. In making a design 
a tool requires a process or steps for making the design. These steps include 
the size, dimensions, and materials used in making organic waste chopper tool. 
The drawing process uses the 2015 Autodesk Inventor program, the first is the 
making of sketches, components on the machine, followed by assembly of each 
component, then rendering images, animation as the final stages of drawing 
design input into "IDW" complete with size, scale, material. Image 
projection to make it easier for designers to make tools. Drawings of plan and 
complete details covering the scale dimensions will be able to simplify the 
manufacturing process (production) of the components of the tool and can 
reduce the risk of errors in the process of making tools. 

 
Keywords: organic waste chopper tool design, Autodesk Inventor, CAD Program 

 
 
1. INTRODUCTION 

Autodesk inventor is a CAD software in mechanical engineering program that is applied to the design 
of mechanics in 3D . Autodesk Inventor is software specifically designed for the needs of engineering programs 
such as product design, machinery design, construction design, or other engineering products. This software is a 
series of refinement software from Autocad and Autodesk Mechanical Desktop. This software is perfect for 
Autodesk Autocad users who want to improve their capabilities because this s oftware has almost the same concept 
in 3D drawing. Autodesk inventor is one of the CAD (Computer Aided Drawing and Design) software released 
by an American company called Autodesk. As CAD software, the design steps of a tool include the scale, 
dimensions, a nd materials used in the tool. Therefore, every planning of making a tool must be based on planning 
a design. 

Basically, from the description above, it will be easier to do the depiction using Autodesk Inventor 
software, so the author tries to raise the issue about “Organic Waste Chopper Tool Design”. Autodesk inventor 
is very suitable to be applied in mechanical component design work, mechanical system design to mechanical 
strength analysis of mechanical components designed. 

The definition of drawing mechanical engineering according to ISO Standard, is a very clear form of scratches 
from real objects, technical drawings are often also referred to as technical languages, images must have objective rules 
that can be understood by people who are experts and the rules of this drawing are made Standard ISO [1]. European 
projection is also called the first angle, and there is also a mention of quadrant I projections.  US projection are usually 
often called the third angle and there is also a mention of quadrant III projections [2].  

To get a picture of the hidden parts, so that the covering part is discarded, the image is called a section 
drawing, or can be simplify as section.  To draw the span drawing, a deep understanding of building space is needed 
which will produce space objects. Even though using Autodesk Inventor, in graphically viewing the stretch image is a 
very complicated task [3]. Sketch functions to make images on 3 axes (X, Y, Z), while 2D sketch is only on 2 axes (X, 
Y). With 3D sketch we can make sketch not only on 2 axes [4]. In Autodesk Inventor Professional 2015, 2D sketch is 
the Default Sketch [5]. To activate 3D sketch we have to finish Sketch on 2D sketch then click 3D Sketch [6]. Ordinary 
design is translated as applied art, architecture, and various other creative achievements. The design process generally 
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takes into account the functions, aesthetics, data, thinking, brainstorming, and pre-existing designs. Design comes from 
several languages, one of which is the word "designo" (Italian) which grammatically means draw [7] [8]. 

Based on the description above, it is deemed necessary to know how to make the Design of Organic Waste 
Chopper Tool by using the 2015 Autodesk Inventor Software, and whether the design of the tools made can simplify 
the process. The purpose of this research is to be able to make the design of Organic Waste Chopper Tool by using 
2015 Autodesk Inventor Software, as well as knowing the phase of design both in 3D, working drawings, assembly 
and animation methods. 
 
2. METHODS  
2.1 Design Planning 
The 2015 Autodesk Inventor program was used to speed up the process of designing design drawings. The design 
of the design for making this organic waste counter tool includes the creation of parts, 3D image components, 
assembly work drawings and animations (like figure 1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Organic Waste Chopper Tool Design Plan 
 

The specifications of the tool are planned: The main driver is 220v electric motor, V-belt transmission, U channel 
iron frame, blade chopper blade model, eser plate casing, capacity 50kg / hour, dimensions 90cm x 40cm x 120cm, 
weight 180kg. 
 
2.2 Location and Time of Design Making 
Design location in the Lab. Computer Design Program of Mechanical Engineering, Politeknik Negeri Bali. Time 
to carry out 5- month design making (March to July 2017). 
 
2.3 Determination of Data Sources 
The data source is obtained from the results of the survey with Ergonomic design, analyze and adjust towards 
Anthropometric Standards, safety, security, comfort, and aspects related to human physiology, as well as from 
the Mechanical Engineering Dra wing literature by using the 2015 Autodesk Inventor program. 
 
3. RESULTS AND DISCUSSION 
3.1 Design 
How to make a design of an Organic Waste Chopper Tool by using the 2015 Autodesk Inventor Software, through 
several steps, consisting of: 
 
Frame Design 
Click new then select metric then look for standard (mm).ipt (like Figure 2), then click create then select one of the 
axis of the plane. 
 
 

1. Frame 
2. Electric Motor 
3. Pulley 
4. V-belt 
5. Waste Chimney 
6. Bearing 
7. Axis 
8. Branch entry chimney 
9. Upper Cylinder 
10. Leaf Chopper Chimney 
11. Wood Cutter Set 
12. Circular saw 
13. Leaf chopper knife 
14. Branch cutter knife 
15. Motionless knife 
16. Cut distance adjustment 
17. Lower Cylinder 
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Figure 2 Main Menu 
 
then create a sketch, then open the origin, select the xy plane then drag along 660 mm, and make the sketch 
according to the image size, open the origin again, select the pull up xz plane along 750 mm then create new, 
make the sketch according to the image then click finish  (like Figure 3). 
 
 
 
 
 
 
 
 
 
 

Figure 3 Plane Axis 
 
 

After finishing sketch, open origin, select the pull up xz plane along 280 mm then click Create new sketch 
then create a design pattern, open the origin again, select the xy plane then drag along 1000 mm and click Create 
new sketch in the work plane created then create sketch according to the image then click finish sketch, then click 
new sketch in work plane 3 in the browser bar, then make sketch according to the design, then click after finish 
sketch. 

Then click new sketch in work plane 3 in the browser bar, then make sketch according to the image with a 
length of 410 mm so that you can design the desired one, then click save then the file name is saved with the name 
"order" then click save. Then click new select metric then select standard (mm), then click create, then click place 
select the file "order". Then click open, then click the menu bar then click insert frame and click yes on the 
generator frame menu, continue click save .iam file with file name "frame assembly" t hen click save. After the 
save menu appears insert in the frame member selection menu select the size variant according to the design that 
will be made. Then click the sketch line that will be made the frame continue click ok on the create new frame 
menu, after the save m enu appears insert in the frame member selection menu select the size variant according 
to the design that will be made. Then click the sketch line to be created, click ok on the frame member name. 
After the save menu appears insert in the frame member selection menu select the size variant according to the 
design that will be made. Then click the line of the image that will be made the frame, click ok on the frame 
member name which is the finished frame image then right click on the frame located on the left browser bar 
then click visibility and the following view is already visibility, then click the design menu then select change to 
change the position of the frame so that the change menu appears then select the frame we will change its position. 
Here is the frame view that we have changed. Then select the design menu then click the miter corner which 
functions as making angles on two frames, then displaying two frames who have cornered and also displayed the 
frame that has been mitered, then select the design menu then click trim and extend to face which functions as 
cutting or lengthening the frame to one of the frame fields, then clicking the trim or extend menu on the select frame 
member menu we select the blue and face or surface we click the yellow part then click apply, then l I'll trim 
-extend the other frames, then double-click left on one of the frames that will be sketched, then click the new 
sketch in the previous frame then make the sketch match the image, then extrude the sketch previously made to 
make the bolt holes in the frame then click ok, and click the sav e icon, save the file with the Assembly Frame 
name and click save (like Figure 4). 
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Figure 4 Framework 
 
Upper Casing Design 
For the top tube design, first click new then select metric then look for metal sheet (mm). Then click create, then 
select on e axis of the plane and make N sketch according to the image then finish sketch, then click contour 
flange then change distance to 600 mm , continue to click unfold to make the image become a stretched image, 
then sketch on the stretched image to make an inlet of organic waste, then click the cut menu bar then click the 
sketch that was created then ok, then click refold to restore the stretched image to its original state. To see the 
results of the image in the form of a stretch image click "go to plate pettren". To reverse part click "go to folded 
part" on the top right menu then save the ipt file in a folder with the top case name then click save. 
 
Leaf Chopper Casing Design 
Click new then select metric then look for standard (mm). Click click create then select one of the axis of the 
plane and then make the sketch according to the image then click finish sketch, then open origin click the xy plane 
then drag up along 25 mm, then right click on the work plane. Then make the sketch according to the image then 
click finish sketch and then click Loft on the menu bar t hen on the menu section click icon 1 and icon 2 then 
click ok. Then click the shell on the menu bar to make solid objects become hollow, set the thickness of the sides 
as thick as 2 mm then click ok, then click the new sketch in the upper field then make the sketch according to the 
image then click finish sketch, then click extrude on the menu bar then click sketch the new one is made to make 
2 dimensions into 3 dimensions then set the distortion along 2 mm, click ok, then click origin then right click on 
the xy plane then click new sketch then make sketch according to the image then click finish sketch, then click 
extrude then select extens all cut icon with 2-way cut and click save with file name casing leaf counter. 
 
Branch Cutter Casing Design 
The steps for making the image are almost the same as making the drawing of the leaf chopper casing. 
 
Assembly Upper Casing Component 
Click new then select standard click metric (mm). Then create, continue click place on the menu bar, then click 
the component file we want to assemble then click open then the file is opened, Part appears in the assembly menu 
then right click ok, then click constrain, in selection 1 click radius from the tube cap in selection 2 click on the 
side of the tube and the two components will merge into one, then click ok then click the save icon to save the file 
name, (like Figure 5). 
 

 
 

Figure 5 Assembly Upper Casing Component 
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Lower Casing Design 
At the lower casing steps to make the drawing is almost the same as making the upper casing design drawings 
with different 2 holes. 
 
Waste Casing Design 
Click new then select metric then look for sheet metal (mm) .ipt then click create then select one of the axis of the 
plane and make sketch according to the image then click face on the menu bar then click profile and click the 
newly created sketch then click ok, then click icon flange on the edge column select one side that will add the length 
of the plate with a length of 120 mm, and click the next side then click flange along 175 mm, then click unfold to 
see the stretch of part, then click the new sketch on the surface of the part and make the sketch according to the 
image , then click the cut icon then click the new sketch then click ok. Then click refold to restore the str etch image 
to its original state and click "go to plate pattern" and click the save icon to save the file name. 
 
Assembly Lower Casing Component 

For the assembly of the lower casing components the steps for making the drawing are almost the same as 
making an image of the upper casing component assembly, (like Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Assembly Lower Casing Component 
 
Axis Design 
Click new then select metric then look for standard (mm) .ipt, then click create and select one of the axis of the 
plane, then create a circular sketch with a diameter of 25.4 mm according to the image, then click extrude with a 
distance of 1000 mm, then click one right side of the new sketch, continue to sketch with a diameter of 25 then 
click finish sketch, then click the extrude icon, then cut along 130 mm, after finishing extrude click the thread 
menu then click the surface with a diameter of 25 mm to make a thread. On the reverse side click on the surface 
then right-click new sketch, continue to make the sketch according to the image and then click extrude on the sketch 
that was created earlier, and click the save icon for the file name 
 
Branch Chopper Knife Design 
Click new select metric then look for standard (mm) .ipt, then click create and select one of the axis of the plane, 
then create a sketch with a diameter of 300 mm according to the image, then click the extrude icon, then select 
the 10 mm thick extrude, continue click the new sketch on the surface of the part then make the sketch according 
to the image then click the extrude icon select the cut on the field that was previously sketched, then click the 
circular pattern icon then click the features that were extrude then click the circle side and change placement to 
3 with 360 degrees then right-click on the surface of the part then click new sketch, make sketch with a diameter 
of 50 mm Then extrude as thick as 20 mm, then click the filled icon on the menu bar then click on the part that 
will make a radius according to the image, then right click on the surface then click new sketch, continue to make 
a circular sketch with a diameter of 25.4 mm, extrude cut on that field, and click chamfer on the bottom of the 
component that was previously made uat. Then click the edge on the edge of the part and give a distance of 5 mm, 
then click the circular pattern icon, then click on the features that were extrude and click the side of the circle and 
change the placement to 3 with an angle of 360 degrees, then click origin select xz plane then visibility, then Click 
the plane on the menu bar then drag the plane xz up along 25 mm, then click new sketch on the work plane that 
was created then create a circle sketch according to the image, then extrude cut on the sketch circle until it 
translates according to th e image, and click the thread icon to make the thread thread on the hole that was made, 
click the save icon with the name of the branch chopper knife. 
 



LOGIC 
Jurnal Rancang Bangun dan Teknologi                   Vol. x No. x Month 20xx 

 Journal of Engineering Design and Technology  104 

Leaf Chopper Knife Design 
Click new select metric then look for standard (mm) .ipt, then click create and select one of the axis of the plane, 
then create a sketch with a length of 130 mm and a width of 30 mm according to the image then finish sketch, then 
click the extrude icon then select the field will be extruded 5 mm thick then click ok. Then click chamfer, then 
chamfer the edges of the knife with a distance of 2.5 mm then click apply and right click on the surface of the 
part then click new sketch, then create a sketch with a circle with a diameter of 8 mm according to the image, 
then click the extrude icon then cut on the sketch field that was created, and click on the icon with the file name 
leaf chopper knife 
 
Circular Saw Design 
For the circular saw design the steps - the steps for making the drawing are almost the same as the making of the 
knife chopper design drawings with different shapes and the number of 40 gear. 
 
Assembly Knife Component with Axis 
Steps for making drawings Assembly of knife components with axis is almost the same as making assembly 
drawings on the upper casing components (like figure 7). 
 

 
 

Figure 7 Assembly of knife with axis 
 
Assembly All Components 
start clicking new select metric Then find the standard (mm) iam, then click create, then click place on the menu 
bar then click the component file that we want to assemble then click open and click assembly display then ok, 
then click the constraint icon select join menu, and selection 1 shows on the width of the bearing, then click 
selection 2 on the iron side U, then click apply, and open the constraints again, select the join menu, in selection 
1 click on the iron U field, the xyz axis will be locked, then click apply , then set the distance by measuring distance 
assembly according to the image, and so on for the assembly steps of the other components and finally click the 
save icon with the file name assembly component, (like figure 8). 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Assembly All Component 
 
 
3.2 Working Drawing (Projection). 
Working drawings are images that are used as a reference in the process of working on a product. 
 
(a) The Making of Axis 
In the process of making this transmission axis, using steel material ST 42 Ø 25.4 mm, (such as work Figure 9). 
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Figure 9 Axis 
 
 
The Making of Framwork 
Making frames using Iron Unp 50 mm x 32 mm x 23 mm, (like working Figure 10). 
 

 
 

Figure 10 Frame 
 
The Making of Leaf Chopper Knife 
In the process of making knives, cut the strip plate 40 mm x 32 mm with a length of 150 mm as many as 27 
pieces, on the cut -off machine, (like image 11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 11 Leaf Chopper Knife 
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The Making of Branch Cutter Knife 
In the process of making this knife, using an 8 mm thick plate of eser cut with a length of 100 mm as many as 3 
pieces, on th e cut off machine with an angle of 450, (as shown in Figure 12). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Branch cutter knife 
 
 
The Making of Casing 
In the process of making this tube, cut the eser plate 2400 mm x 1200 mm x 2 mm with a length of 600 mm x 
600 mm as many as 2 pieces, on hydraulic cutters, 1800 semicircular shapes, (as shown in Figure 13). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13 Casing 
 
 
3.3 Plan Design Results 
Design Result Product 
Based on the planned design construction as shown in Figure 1, the results of designs and plans can be seen as 
shown in Figure 14 and 15 and its specifications. 
 

 
 

Figure 14 Multifunctional Organic Waste Chopper Products 
 
Specifications of  Organic Waste Chopper 
Type Multi Function Waste Counter Machine 01, Capacity 50 kg / hour, Blade Type 10 fixed seeds, 27 seeds move 
3 seeds, Circule Church 1 seed, 1 inch shaft, FrameUnp 5, Type V - A43 Belt, and V-Block Bearing UCP 6205. 
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1. Frame 10. Leaf Chopper Chimney 
2. Electric Motor 11. Wood Cutter Set 
3. Pulley 12. Circular saw 
4. V-belt 13. Leaf chopper knife 
5. Waste Chimney 14. Branch cutter knife 
6. Bearing 15. Motionless knife 
7. Axis 16. Cut distance adjusment 
8. Branch entry chimney 17. Lower Cylinder 
9. Upper Cylinder  

 
Figure 15 Organic Waste Chopper Tool Design 

 
 
4.  CONCLUSION AND RECOMMENDATIONS 
4.1 Conclusion 

In making the design of the organic waste chopper design, the first is the design idea, then the drawing 
process using the 20 15 autodesk inventor program includes the making of sketches, component images from 
machine parts, followed by assembly, then rendering and animation. The final stage of the design is entered into 
"IDW" complete with size, scale, material, working dra wings so as to make it easier for designers to make tools. 
With the design drawings complete with working drawings (projections, scales and dimensions) can simplify the 
process of making components of the tool and can reduce the risk of errors in the process of making tools 
 
4.2 Recommendation 

In making the design, it is better to make the right size of equipment, especially between the hole and the 
shaft so that when the assembly process can blend easily. Each component size must take into consideration the 
ingredients on the market so that lat er in making the tools used the ingredients are easily available, and each 
component of the image must be as complete and clear as possible so that the reader is easy to understand 
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Abstract. Many small industries produce handicrafts related to art in Bali, 
one of which is pottery. Pottery is an object made of clay which is formed and 
then burned to be a unique shape such as: jugs, glassware, cauldron, brazier, 
piggy bank, and other objects. The process of producing pottery required the 
complex steps, from preparing clay, printing by turning, drying and burning. 
The main difficulty of pottery producers is in the process of forming shapes 
which involved the rotating spinner. Most of small industries still use the 
manual spin control to rotate clay bucket holder. This research aims to re-
design of a rotating spin machine from the existing pottery industries to 
increase the productivity. The sample was overtaken from 12 craftsmen in 
Singakerta Village, District of Ubud Gianyar, Bali. Sample P0 was given to 
craftsmen is still used the old design and P1 was given to sample modified 
and re-designed the old machine with added automatic control of rotating 
spinner. Workload is calculated based on the worker's pulse rate which is 
measured using a pulse meter. Research data were analyzed using descriptive 
and inferential statistics. T-test method was performed to analyzing the 
differences range between groups P0 and P1 at significance level of 5%. The 
results showed a workload was decreased from heavy to moderate by 
12.09%. Production rate was increased by 282.1%, and productivity 
increased by 334.6% 
 

Keywords: Re-design Pottery Machine, Workload, Work Productivity. 

 
 
1. INTRODUCTION 

Bali area currently stands many small industries that produce crafts related to art, one of which is pottery. 
Pottery in general is an object made of clay which is formed and then burned and then used as tools to help human 
activities, such as jugs, pots, pots, jars, bobs, piggy banks, and other objects. However, because Bali is famous for 
its culture and art, pottery artisans innovate to pour art into pottery. 

The process of producing pottery required the complex steps, from preparing clay, printing by turning, 
drying and burning. The main difficulty of pottery producers is in the process of forming shapes which involved 
the rotating spinner. Most of small industries still use the manual spin control to rotate clay bucket holder and is 
still complained because it does not suitable to the needs, limitations, and anthropometry of the user. The 
production process will take place optimally if the demands of the task, organization and work environment in 
accordance with the abilities, permissibility and limitations of workers [1]-[3]. 
 A preliminary survey was carried out on pottery craftsmen in Singakerta Village, Ubud District, Gianyar 
Regency. Most of them was complained about the high cost of spinning machines, ineffective production if using 
manual method and discomfort in certain body parts after the finished work. In addition, the risk of health problems 
will increase and eventually the productive age will decrease. Through ergonomic intervention in small-scale 
industries using ergonomic work equipment is proposed to reduce workload and subjective disorders [4] 

To resolve the problem of this craftsman not only about suitable tools, but needed an ergonomic 
comprehensive approach. Improvements in working conditions and environments should take into account all 
aspects of ergonomics, such as the utilization of appropriate technology, the improvement of the whole production 
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process with a systematic, comprehensive approach, involving various discipline and active participation both 
physically and psychologically in all components involved in the production process. The application of the 
concept of appropriate technology and the overall improvement of the production process of the SHIP (Systemic 
Holistic Interdisciplinary Participatory) approach should be done in a consistent and sustainable manner [2]. And 
the various factors that need to be considered in relation to the production process such as work tools and work 
stations include the size, dimension, way of work, work attitude to match the abilities, permissibility and 
limitations of workers [2],[3]. 

Based on the above description it is deemed necessary to research the improvement of working conditions 
by redesign and modification of the existing rotating spinner machine on the appropriateness of the function, the 
anthropometric dimensions of workers and easy user maintenance by an ergonomic approach. 
 
2. METHODS  

The experimental method was conducted by redesign of the existing rotating spinner machine. The sample 
was overtaken from 12 craftsmen in Singakerta Village, District of Ubud Gianyar, Bali. Sample P0 was given to 
craftsmen is still used the old design and P1 was given to sample modified and re-designed the old machine with 
added automatic control of rotating spinner. Workload is calculated based on the worker's pulse rate which is 
measured using a pulse meter. Fatigue was predicted from 30 items of general fatigue questionnaire. Skeletal 
muscle complaints were predicted from the Nordic Body Map questionnaire. The work productivity of the subjects 
is recorded based on the ratio of amount of production (output) to the workload (input) at a certain time unit. 
Research data were analyzed using descriptive and inferential statistics. T-test method was performed to analyzing 
the differences range between groups P0 and P1 at significance level of 5%. The rotating spinner with semi-
automatic control driven by electrical motor was designed as the Figure 1 below 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

1. External cover 
2. Variable speed control 
3. Metal frame 
4. V-belt 
5. Driven pulley 
6. Electrical motor 

7. Upper safety cover 
8. Rotating plate 
9. Main shaft 
10. Bucket clay 
11. Bearing 
12. Bolt 

 
Figure1. The schematic design of rotating spinner using semi-automatic control 

 
The working principle of this machine is the rotation of the motor electricity as the primary power source 

is forwarded to the pulley, v-belt, and finally the main shaft which is connected directly to the rotating plate. The 
speed of motor was controlled by stepping on a pedal connected to variable speed control. The dimension of each 
component was designed to the size of the worker anthropometry. The height of the tool is adjusted to the height 
of the sitting elbow of the worker. The length or width of the tool is adjusted to the length of the worker's hand. 
The position of the driving pedal is adjusted to the position of the worker's feet. 
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3. RESULTS AND DISCUSSION 
3.1 Subject Characteristic 
 The number of subject samples in this study was taken from 12 craftsmen. Subject characteristics include 
age, height, weight, and work experience. The mean characteristics of the subjects are presented in Table 1. 

Table1.  Research Subjects Characteristic Summary 
Variable Mean SD Range 

Age (year) 32.25 1.50 26-47 
Body Weight (kg) 62.85 3.58 57-74 
Body Height (cm) 167.48 4.37 159.5-175.5 
Working Experience (year) 6.15 1.25 4-10 

 
Mean age of subject is 32.25 ± 1.50 year and age range still included the working age group at 26 - 47 

years old. The age range still includes a productive workforce with the age limit of the labor force applicable in 
Indonesia that is aged 15 to 64 years. The optimum muscle strength for recommended work is between 20 to 30 
years [5] and the mean age of this study subjects has decreased since the optimum muscle strength. Age conditions 
affect the ability of physical work or muscle strength of a person. Maximum physical ability of a person is achieved 
at the age between 25 - 35 years and will continue to decline with age [3]. Organ systems such as the 
cardiovascular, respiratory, and muscular systems may decrease by 2% per year after the age of 30 years [6]. Based 
on the characteristics of the research subjects, the work experiences of the craftsmen that is normally considered 
to be experienced with an average working in their field of 6.15 years. This work experience supports the expertise 
of a worker in the production process. Work experience is one of the factors that influence the level of skills of 
workers, complaints that occur in the musculoskeletal system, as well as on productivity [3]. 

 
3.2 Anthropometry of Craftsmen 
 The suitability between the work station and the workers will affect to the ergonomic work attitude of the 
craftsmen. Unnatural work attitude occurs if the work equipment is not in suitable with the anthropometry of the 
worker's body. This will increase the physical workload of workers. Anthropometry is a one method to fitting of 
body dimensions and other physical characteristics of the body that are used to design a product or device [3]. 
Anthropometry model used in this study considered of dimensions and design of the machine to working attitude 
of the craftsmen. The height of the rotating spinner machine adjusted to the height of the crafter's elbow in a sitting 
position. The rotate plate which is above of the instrument should be within the reach of the hand of the craftsman. 
The length and width of the machine also need to be adjusted when forming the shape in order to ideal position 
with the body of the craftsman. The position of the variable speeds control pedal is adjusted to the position of the 
worker's feet when sitting. 
 Anthropometric data in design model considerations is best presented in the percentiles form [3]. 
Therefore, the calculation of the size and dimensions of the machine is used 5% percentile that occurs workers can 
use the rotating spinner machine more comfortably. 
 
3.3 Workloads 

Pulse frequency was used an objective measure, quantitative and accurate assessment of workload [7]. 
The work pulse frequency of working hours can be used as a basis for evaluating of physical workload. The pulse 
at rest is called the resting pulse and the pulse at work is called the working pulse. The results of workload 
measurements from pottery craftsmen are shown in Table 2 below: 

 
Table2. Workloads Results Analysis of Pottery Craftsmen 

Variable P1 P2 t p 
Mean SD Mean SD   

Resting pulse 
(beat/minute) 72.12 2.31 71.76 2.19 1.328 0.419 

Working pulse 
(beat/minute) 125.27 4.26 110.12 3.37 3.721 0.000 

 
From the results of the t-test on the resting pulse showed p value > 0.05, indicates the initial conditions 

of the craftsmen pulse are in the same condition or not significantly different. While on the pulse of work 
(workload) tested proved there was significant difference between P1 and P2 (p <0.05). The average working pulse 
value deceased from 125.27 beats per minute (P1) to 110.12 beats per second (P2).  The classification of workloads 
in P1 is included in the category of “heavy” workload due to the range 125-150 / min while in P2 includes 
“medium” work load that is in the range of 100 - 125 beats per minute [3]. The results of the comparison between 
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P1 and P2 showed the workload decreased from heavy to moderate with a value decreasing at 12.09%. 
The decreased of workload due to used rotating spinner machine in the manufacturing process can 

reduced the physical work. The results of this study are show good agreement with other studies which indicates 
the ergonomic interventions can reduce the workload of workers [8]. 

 
3.4 Work Productivity 

The work productivity of the subjects was calculated based on the ratio of output to the input at a certain 
time unit. Output generated by the amount of produced the pottery shape during the working hour (average 7 hours 
per day), while the input is the craftsmen workload (work pulse). 

 
Table3. Work Productivity Results Analysis of Pottery Craftsmen 

Variable P1 P2 t p 
Mean SD Mean SD   

Work Productivity 0.362 0.013 1.571 0.017 1.216 0.000 
 
The result of the analysis showed that there was a significant difference (p > 0.005) between P1 and P2 

indicated work productivity was increased from 0.362 (P1) to 1.571 (P2) or an increase of 334.6%. Increased work 
productivity can be done by improving machine tools and work systems based on ergonomic principles [9,10,11]. 
The principles of ergonomic also increase the influence of the work more effective and efficient [12]. 
 
4.  CONCLUSION  
Based on the results of the discussion above, the conclusions can be conveyed as follows: a) redesigned and 
improved the rotating spinner machine based on an ergonomic approach reduces the workload of pottery craftsmen 
by 12.09%. The rotating spinner machine design increases the work productivity of pottery craftsmen by 334.6%. 
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Abstract.	 Even though it is old / old, the existence and existence of Isuzu 
Panther cars in the 90s are still widely used, this is because in addition to the 
well-known / tested engine stubborn but also fuel efficient. To maintain the 
condition of the engine to stay fit, vehicle owners must pay attention to the 
maintenance of their cars regularly. One engine component that is vital and 
must receive special care is the Nozzle. The treatment of the nozzle is physical 
condition checking, cleaning and proper testing. This test is done by giving 
pressurized fuel to the nozzle, then we observe and analyze how the character 
of the spray. Testing pressure variations of 90 bar, 100 bar, 110 bar, 120 bar, 
and 130 bar (range of nozzle working pressure from the factory) using diesel, 
The characteristics of the fuel spray tested are the length of the spray penetration 
tip (L), speed spray (v or Uin), spray angle (Ɵ), and large distribution of 
granules formed at each pressure variation. From the test it is known, at 110 bar 
testing pressure has the best characteristics, both in terms of spray and the 
number of grains.  

 

Keywords : Pressure nozzle, the length of the spray, spray time, spray angle, the distribution of grain. 

 
 
1. INTRODUCTION 

The treatment of the nozzle is physical condition checking, cleaning and proper testing. This test is done 
by giving pressurized fuel to the nozzle, then we observe and analyze how the character of the spray. Test pressure 
variations of 90 bar, 100 bar, 110 bar, 120 bar, and 130 bar (range of the nozzle working pressure from the factory 
[1]) using diesel, The characteristics of the fuel spray tested are the length of the spray penetration tip (L), speed 
spray (v or Uin), spray angle (Ɵ), and large distribution of granules formed at each pressure variation. 

The test aims to determine the pressure that has the best characteristics, both from the angle of the spray 
and the number of grains. 

In testing data from video camera observations in the form of: Spray penetration tip length (L), Penetration 
tip speed (Uin), Spray angle (Ɵ), Spray area area (A), and diameter size distribution of the grain / droplet (D) that 
occur on fuel spray. To be able to find the values of the spray characters mentioned above, the raw data is then 
changed in the format (jpg). 
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2. METHODS  

In conducting the test, the test equipment is made similar to the original diesel engine spray system. The 
series of simulation tools can be seen in Figure 1 below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Photograph of the spray tool used in the test 
 
To get the right spray, an injection tester / nozzle is used as a source of pressure, the injector or nozzle as a 

fogger and a beam-shaped test chamber that has conditions similar to the actual combustion chamber, then the fuel 
that enters the combustion chamber simulation is recorded with high divination (HD) the camera to get the image 
of the spray angle, grain size, and length of the spray [2]. 

 
3. RESULTS AND DISCUSSION 
3.1. Research data 

Research data obtained from video camera observations are as follows, Spray penetration tip length (L), 
penetration tip speed (Uin), spray angle (Ɵ), and diameter size distribution of the droplet / D (grain) that occurs in 
the oil spray material burn it. To be able to find the value of the spray character mentioned above, the raw data is 
then changed in the format (jpg). Figure 2 shows a spray of test results that has been converted to an image format 
(jpg). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Initial spray data processing with Image J program 
 

3.2. Data processing 
 
 
 
 
 
 
 
 
 

Figure 3. Measurement of angle and length of each test variation 

Flexible hose Thermometer 

Combustion chamber simulation 

Combustion chamber pressure manometer 

Nozzle pressure manometer 
 

HD Camera 
 

Nozzle tester 

Air compressor 

Flexible hose 
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The length of the spray penetration tip (L) formed in each of the tests mentioned above shows a length of 
160 mm (the spray reaches the test chamber wall) and has a varying speed for its formation, different penetration 
for each test [3]. The following is a complete table of the spray results that occur in each test. 

 
Table 1. Angle data, spray velocity and length for each variation of the nozzle pressure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Graph of influence of nozzle pressure variation on the nozzle spray speed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Graphic Effect of nozzle pressure variations on the nozzle spray angle 
 
 

No 
Pressure 

P 
(Bar) 

Angle 
Ɵ 

(Deg) 

Distance 
L 

(10-3m) 

Time 
T 

(10-3s) 

Speed 
V 

(m/s) 
1 90 28,67 160 54,95 2,91 
2 100 30,49 160 47,95 3,34 
3 110 31,57 160 44,95 3,56 
4 120 19,3 160 41,95 3,81 
5 130 18,7 160 37,95 4,22 
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Figure 6. Results of data processing using the Image J program 
 
 

Table 2. Total data distribution of granules for each test oil. 

 
It can be seen from the table that the greater the pressure on the nozzle will have an impact on increasing the tip 
tip speed, the lowest tip tip speed is found at the 90 bar nozzle pressure where the tip tip penetration value is only 
about 2.91 m / s far smaller than the speed value at 130 bar nozzle pressure. 
 
Theoretically the length of this penetration tip can also be estimated using equation 1 [4], and the results obtained 
as the table below: 

!
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L = 307 mm 
 
 

Table 3. Difference in the length of tip penetration test results with the results of theoretical calculations 
 
 
 
 
 
 
 
 
 

The penetration tip length obtained through calculations has a difference with the length of the penetration tip 
obtained by testing, this can be due to limitations in this study both in terms of testing tools, software, and the level 
of accuracy of the scale in the testing data processing which is done manually. 
 
 
 

No Nozzle Pressure Number of grains D Min D Max Total Area 
(Bar) (n) (µm) % (µm) % (µm2) 

1 90 3968 2,31 46,40 20,24 0,03 15.463,58 
2 100 4285 2,31 44,43 23,29 0,02 17.089,23 
3 110 4651 2,31 48,72 26,50 0,02 19.041,12 
4 120 3830 2,31 48,77 36,10 0,03 16.365,67 
5 130 3657 2,31 53,57 25,27 0,03 13.525,47 

No Pressure Actual distance Time Theoretical distance 
(Bar) (mm) (ms) (s) (mm) 

1 90 160 54,95 0,05495 306,76 
2 100 160 47,95 0,04795 297,43 
3 110 160 44,95 0,04495 306,70 
4 120 160 41,95 0,04195 312,25 
5 130 160 37,95 0,03795 306,02 
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For the theoretical spray angle, you can use equation 2 [4], as follows: 
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While the velocity (v or Uin) of the spray can be estimated theoretically using equation 3 [3] : 
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 Uin= 3,70 m/s 
 

 
While the average diameter value of this spray can be calculated using the Sauter Mean Diameter (SMD) equation 
4 [5] : 
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SMD = 67.48 µm 
 
 
4.  CONCLUSION  

From the tests that have been done, it can be concluded that at a pressure of 110 bar has the best 
characteristics, both from the angle of the spray and the number of grains. 
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Abstract. The process of moving an item in the industrial world has an 
influence on productivity produced by the company. The company's 
productivity can be supported by using a conveyor when the transfer process 
takes place. This study aims to determine the extreme position of the 
conveyor lift segment mechanism using the kinematic system. The method 
used is an analytical analysis method with a kinematic system using SAM 6.0 
software. The stages of the research process are measuring conveyor 
segments, drawing kinematic diagrams, depicting movement mechanisms, 
calculating degrees of freedom (DoF), calculating geometry, and ending the 
stroke link follower measurements. The results of the study resulted in a 
degree of freedom that is 1 which shows the movement of the conveyor 
freedom only 1 direction, and the calculation result of follower link stroke is 
22.6o which shows the maximum range that can be done from the movement 
of the conveyor lifting segment. 
 

Keywords :Productivity, Mechanism, Conveyor, SAM. 

 
 
1. INTRODUCTION 

Technology and science that are increasingly advanced have an impact on the number of companies that 
develop equipment to support productivity. The process of moving an item in the industrial world has an influence 
on productivity produced by the company. The company's productivity can be supported by using a conveyor 
when the transfer process takes place. 

Conveyor is a common part of mechanical material handling equipment that moves from one location to 
another location [1]. The productivity of conveyor use can be known through faster distribution times and minimal 
expenditure costs [2]. The productivity of conveyor use can be determined by analyzing the distribution process 
when the conveyor is working. 

Valid analysis results are obtained using analytical methods with kinematic systems. An analytical analysis 
is used to describe the process of knowing each stage to obtain results. The kinematic system description is carried 
out to describe the process of moving a moving conveyor segment. Analysis of the movement of conveyor 
segments is known by using SAM 6.0 software. The use of SAM 6.0 software to facilitate the process of 
elaborating the results of kinematic charts and movement graphs.  
 
2. METHODS  

This research was conducted using analytical methods to obtain valid results in order to obtain the right 
solution. Analytic method is a method that satisfies the original equation exact [3]. The analytical method is carried 
out through several stages [4]. The stages of the analytical method are described in the following flowchart 
methodology: 

p-ISSN : 1412-114X  
e-ISSN : 2580-5649 
http://ojs.pnb.ac.id/index.php/LOGIC 



LOGIC 
Journal of Engineering Design and Technology                      Vol.20 No.2 July 2020 

 Journal of Engineering Design and Technology  119 

 
 

Figure 1. Flow Chart 
 
The first stage measures the conveyor segment that is the object of research, the second depicts kinematic 

diagrams, the third stage illustrates the mechanism of conveyor lifter segment movement using SAM software, the 
fourth performs DOF (Degree of Freedom) calculations to determine the direction of conveyor segment movement, 
the fifth performs the geometry calculation of the position minimum and maximum limit, and end with a stroke 
link follower measurement. 

 
3. RESULTS AND DISCUSSION 

This section outlines the results and discussion of the stages of the research conducted. 
3.1 Measurement of Conveyor Lifting Segments 

This section is carried out by measuring the segment of the conveyor device using a length measuring 
instrument (a ruler). The results of the measurements made are shown in the following figure: 

  
Figure 2. Conveyor Segment Size Details 

 
In the description of Figure 1, it is known that the length of the flexible segment on the conveyor is 18 inch 
with 8 inch between the driving lever and the fixed lever and 10 inch in front of the driving lever. The length 
of the drive lever is 16 inches. The length of the connecting lever is 4 inches, and the length of the lever is 
fixed at 18 inches. 
 

3.2 Kinematic Portrayal of Diagrams 
This sub-chapter is carried out to describe the kinematic diagram of the conveyor device segment. The 
kinematic diagram illustrates the connectivity of the link and joints mechanism of the dimensions of the 
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component shapes [5]. Kinematic Diagramming Results are shown in the following figure: 

 
  

Figure 3. (a) Starting Position from Mechanism of the Conveyor Segment Movement. (b) Up Position from 
Mechanism of the Conveyor Segment Movement. (c) Down Position from Mechanism of the 
Conveyor Segment Movement 

 
The translation of Figure 2 shows that the process of conveyor segment movement is preceded by a left image 
where the condition of the conveyor segment is normal and does not lead to a specific destination. Image of 
the movement of the conveyor segment directing the flow of an object that is distributed upward is shown by 
the middle image where the position of the driving lever and the connecting lever forms a straight line along 
20 inches.  
 

3.3 Portrayal of Conveyor Movement Mechanism Using SAM Software 
This section explains the mechanism of movement of conveyor using SAM software. SAM (Simulation and 
Analysis of Mechanisms) is an interactive PC-software package for the motion and force analysis of arbitrary 
planar mechanisms, which can be assembled from basic components including beams, sliders, gears, belts, 
springs, dampers and friction elements [6]. The high school software is used to find out in detail every 
movement that occurs in changing the position of the conveyor lifting segment. The results of depicting the 
mechanism of conveyor movement are divided into 3 phases where there is a starting position, a half movement 
position, and a final position. The phases contained in the movement of conveyor segments are explained by 
the following figure: 

 
Figure 4. Initial Position of the Conveyor Segment Movement Mechanism in SAM Software 

 
The explanation of Figure 3 shows that the initial position of the conveyor segment consists of two fixed pins, 
the first pin to move the conveyor and the second pin to make the drive lever move up and down. There are 3 
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links shown by link 2 as the connecting lever is in a position parallel to link 3. Then there is link 3 as the 
driving lever that is moving the link in the direction of the conveyor going down. Finally, there is link 4 as a 
form of the final output of the movement produced by the conveyor segment. 
 

 
 

Figure 5. Initial Position Graph of Conveyor Segment Movement in SAM Software 
 

The translation of the initial position graph image of the conveyor segment using SAM software is known that 
the indicators listed include x and y positions, x and y displacement, displacement speed and displacement 
acceleration. The initial position indicates that the x and y positions are at point 0. The x and y displacements 
are still 0 (not moved). Transfer speed 0 mm / s. The acceleration is 4.0 mm/s^2. 
 

 
Figure 6. Position of Half Movement Mechanism of Conveyor Segment Movement in SAM Software 
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The elucidation of Figure 5 shows that the position of the half conveyor segment consists of two fixed pins 
and 3 links. The first link is shown by link 2 as the connecting lever which is connected with pin 2 and link 3. 
Then there is link 3 as the driving lever that is moving the conveyor direction link to the top. Finally there is 
link 4 connected to pin 1 and link 3. Link 4 is the form of the final output of the movement produced by the 
conveyor segment to the top. 
 

 
 

Figure 7. Graph Position of Half Moving Segment Conveyor in SAM Software 
 

The elaboration of the half-position graph movement of conveyor segments using SAM software is known 
that the indicators listed include x and y positions, x and y displacement, displacement speed and displacement 
acceleration. The initial position indicates that the positions x and y are at the points of 10.704 and (-141.159). 
The displacement of x and y is 26.718 at x and 75.196 at y. The displacement speed is 102,490 mm/s and the 
acceleration is 265,636 mm/s^2. 

 
Figure 8. Final Position of the Conveyor Segment Movement Mechanism in SAM Software 
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The elucidation of Figure 7 shows that the final position of the conveyor segment consists of two fixed pins 
and 3 links. The first link is shown by link 2 as the connecting lever that returns to the initial position or the 
right will be parallel to link 3. Then there is link 3 as a driving lever that is moving the conveyor direction link 
back to the starting position. Finally there is link 4 connected to pin 1 and link 3. Link 4 is a form of the final 
output of the movement generated by the conveyor segment back to the initial position. 
 

 
 

Figure 8. Graph Position of Half Moving Segment Conveyor in SAM Software 
 

The elaboration of the final position graph image of the conveyor segment using SAM software is known that 
the indicators listed include the x and y positions, x and y displacement, displacement speed and displacement 
acceleration. The initial position shows that the positions x and y are at points (-18,291) and (-215,573). The 
x and y transfers of (-2,277) on the minus x form on the displacement indicate that the position returns to its 
previous position and 1.081 to y. The displacement speed is 49,195 mm / s and the acceleration is 483,798 mm 
/ s2. 
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Table 1. Acquisition of Movement Mechanism Results Using SAM Software 

 
Nr: Time Ux(3) Uy(3) x(3) y(3) V_abs(3) A_abs(3) 
[-] [s] [mm] [mm] [mm] [mm] [mm/s] [mm/s2] 
0 0.000 0.000 0.000 -16.014 -216.655 0.000 40.000 
1 0.102 0.193 -0.084 -15.821 -216.738 4.100 40.002 
2 0.205 0.774 -0.328 -15.240 -216.983 8.199 40.035 
3 0.307 1.750 -0.716 -14.264 -217.370 12.299 40.178 
4 0.410 3.133 -1.215 -12.881 -217.869 16.398 40.561 
5 0.512 4.937 -1.781 -11.077 -218.436 20.498 41.356 
6 0.615 7.175 -2.357 -8.839 -219.011 24.598 42.764 
7 0.717 9.857 -2.869 -6.157 -219.523 28.697 44.988 
8 0.820 12.986 -3.231 -3.028 -219.885 32.797 48.199 
9 0.922 16.555 -3.342 0.541 -219.996 36.897 52.520 
10 1.025 20.537 -3.089 4.523 -219.743 40.996 58.012 
11 1.127 24.884 -2.350 8.870 -219.004 45.096 64.690 
12 1.230 29.520 -0.996 13.506 -217.651 49.195 72.531 
13 1.332 34.333 1.096 18.319 -215.559 53.295 81.500 
14 1.435 39.175 4.042 23.161 -212.613 57.395 91.554 
15 1.537 43.855 7.934 27.841 -208.721 61.494 102.653 
16 1.640 48.142 12.826 32.128 -203.828 65.594 114.761 
17 1.742 51.770 18.724 35.756 -197.931 69.694 127.848 
18 1.845 54.445 25.562 38.431 -191.093 73.793 141.890 
19 1.947 55.864 33.192 39.850 -183.462 77.893 156.867 
20 2.050 55.735 41.370 39.721 -175.284 81.992 172.763 
21 2.152 53.810 49.749 37.796 -166.906 86.092 189.564 
22 2.255 49.918 57.880 33.904 -158.775 90.192 207.260 
23 2.357 44.006 65.228 27.992 -151.426 94.291 225.841 
24 2.460 36.175 71.202 20.161 -145.452 98.391 245.302 
25 2.562 26.718 75.196 10.704 -141.459 102.490 265.636 
26 2.665 16.135 76.654 0.121 -140.000 106.590 286.839 
27 2.767 5.140 75.148 -10.874 -141.507 110.690 308.906 
28 2.870 -5.375 70.455 -21.389 -146.199 114.789 331.834 
29 2.972 -14.393 62.644 -30.407 -154.011 118.889 355.621 
30 3.075 -20.870 52.134 -36.884 -164.521 122.989 380.264 
31 3.177 -23.868 39.730 -39.882 -176.924 127.088 405.761 
32 3.280 -22.703 26.607 -38.717 -190.048 131.188 432.111 
33 3.382 -17.105 14.224 -33.119 -202.430 135.287 459.312 
34 3.485 -8.637 5.153 -24.651 -211.501 98.391 537.563 
35 3.587 -2.277 1.081 -18.291 -215.573 49.195 483.798 
36 3.690 0.000 -0.000 -16.014 -216.655 0.000 480.000 

 
 
Explanation of table 1. Explain that the indicators listed include 36 movement segments, time of movement, 
position displacement x and y, position x and y in each displacement segment, speed of movement each time, 
and acceleration of movement each time of movement. The highest speed value occurs in the 33rd 
displacement segment of 135.287 mm / s. The highest acceleration occurred in the 34th displacement segment 
at 459,312 mm/s^2. 
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3.4 DOF (Degree of Freedom) Measurement 
The degree of freedom is the number of independent inputs required to precisely position all links of the 
mechanism with respect to the ground [7]. This section explains the calculation of DOF (Degrees of Freedom) 
using the Gruebler's equation. DOF (Degrees of Freedom) calculation has a function to determine how the 
direction can be achieved by the mechanism of conveyor segment movement. The following is the Gruebler’s 
equation used to determine the DOF (Degrees of Freedom) mechanism of the conveyor lifting segment: 

M = DoF = 3 (n-1) - 2Jp – Jn 
n = Number of links on the mechanism 
Jp = Primary total connection (pin connection or slide connection) 
Jn = Total higher-order connections (cam or gear connections) 
Diketahui : n = 4 

Jp = 4 pin connections  = 4 

Jn = 0 
DOF = 3 (n-1) - 2Jp – Jn        (1) 

 = 3 (4-1) – 2(4) – (0) 
 = 1 
Thus, Degrees of  Freedom of mechanism Conveyor is 1. 
 

3.5 Geometry Calculation of Minimum and Maximum Positions 
This section explains geometry calculations for the minimum and maximum positions when the conveyor 
segment is distributing goods. The minimum position is obtained when the conveyor segment reaches the 
lowest point on the y axis or is pointing down. The maximum position is obtained when the conveyor segment 
reaches the highest point on the y axis or when the conveyor segment is pointing up.1 
 
3.5.1  Geometry Calculation of Minimum Position Conveyor Segments 

  This section explains the calculation of the geometry of the conveyor segment at a minimum position. 
Calculations are obtained by using the equations cos, sin and trigonometry so as to obtain an angle in the 
geometry of the minimum limiting position. The calculation of the geometry of the minimum position 
conveyor segment is elaborated as follows: 

 
Figure 9. Movement Mechanism for Conveyor Segment Minimum Position 

 
Internal joint on point A : 

𝐶!!𝐷" = 𝐴𝐷" + 𝐴𝐶!!" − 2(𝐴𝐶!! × 𝐴𝐷*𝑐𝑜𝑠∠C′′AD   (2) 

8" = 18" + 12" − 2(12 × 18)𝑐𝑜𝑠∠C′′AD 

(432)𝑐𝑜𝑠∠C!AD = 468 − 64𝑜𝑠∠C!!AD =
404
432 

𝑐𝑜𝑠∠C!!AD =
101
108 𝑟𝑐	𝑐𝑜𝑠

101
108 = 𝑐𝑜𝑠#$

101
108 = 20,74° 
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∠C!!AD = 20,74°  

Internal joint on point D : 

!"#$∠&%%'()
*

= !"#$∠'&%%()
+*

                   (3) 

sin(∠AC!!D) =
sin(∠C!!AD)

8 × 18 

sin(∠AC!!D) =
sin(20,74)

8 × 18 

sin(∠AC!!D) =
0,35
8 × 18 

sin(∠AC!!D) =
6,3
8  

sin(∠AC!!D) = 0,7875 

arc sin(∠AC!!D) = sin#$(0,7875) = 51,95° 

Internal joint pada titik C!! : 

∠ADC′′	 = 180° − (∠C!!AD + ∠A𝐶′′𝐷) 

∠ADC′′	 = 180° − (∠20,74° + 51,95°) 

∠ADC!! = 107,3° 

The geometry at the boundary position drawn from the conveyor has an inner angle of: 

1. ∠C!!AD = 20,74° 

2. ∠AC!!D = 51,95° 

3. ∠ADC!! = 107,3° 

3.5.2  Perhitungan Geometri Segmen Conveyor Posisi Maksimal 
This section explains the calculation of the geometry of the conveyor segment at its maximum position. 
Calculations are obtained using the equations cos, sin and trigonometry so that the angle in the geometry 
of the maximum limiting position is obtained. Calculation of the geometry of the maximum position 
conveyor segment is described as follows: 

 
Figure 10. (a) Starting Position Conveyor Segment Movement Mechanism. (b) Maximum Position 

Conveyor Segment Movement Mechanism 
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Internal joint on point A : 

𝐶!𝐷" = 𝐴𝐷" + 𝐴𝐶!" − 2(𝐴𝐶! × 𝐴𝐷)𝑐𝑜𝑠∠C′AD 

8" = 18" + 20" − 2(20 × 18)𝑐𝑜𝑠∠C′AD 

2(20 × 18)𝑐𝑜𝑠∠C!AD = 18" + 20" − 8"𝑜𝑠∠C′AD =
660
720 

𝑐𝑜𝑠∠C!AD =
11
12 𝑟𝑐	𝑐𝑜𝑠

11
12 = 𝑐𝑜𝑠#$

11
12 = 14,8351 

∠C!AD = 14,8351° 

sin(∠C!AD)
8 =

sin(∠AC!D)
18  

sin(∠AC!D) =
sin(∠C!AD)

8 × 18 

sin(∠AC!D) =
sin(14,8351)

8 × 18 

sin(∠AC!D) =
0,256038

8 × 18 

sin(∠AC!D) =
2,304342

4  

sin(∠AC!D) = 0,5760855 

arc sin(∠AC!D) = sin#$(0,5760855) = 35,17568592° 

∠AC!D = 35,17568592° 

∠ADC′	 = 180° −

(∠C!AD + ∠A𝐶′𝐷) 

∠ADC′	 = 180° − (∠14,8351° + 35,17568592°) 

∠ADC! = 129,9° 

The geometry at the boundary position extended from the conveyor has an inner angle of : 

1. ∠C!AD = 14,84° 

2. ∠AC!D = 35,18° 

3. ∠ADC! = 129,9° 

3.6 Measurement of Link Follower Stroke 
Stroke link follower measurement is used to determine the maximum range that can be done from the 
movement of the conveyor lifting segment. The measurement of the stroke link follower of the internal angle 
conveyor segment in the connection cycle between 129.9 ° and 107.3 °, which is measured upwards from the 
vertical axis, is described by the following equation: 

107,3° < 𝜃 < 129,9° 

│Δθ│ = 129,9° − 107,3° = 22,6° 

4.  CONCLUSION  
Analysis using analytical methods with kinematic systems produces findings of various factors needed in 
optimizing the conveyor lifting segment. Factors that can optimize the conveyor device segment include the 
required size of the conveyor device segment in accordance with the use in distributing goods, depicting 
kinematic diagrams to determine the moving parts of the conveyor, depicting conveyor motion mechanism 
using SAM software to determine the movement of conveyor segments when carrying out the distribution of 
goods , calculation of degree of freedom (DOF) to determine the direction of motion of the conveyor when 
working, calculation of the geometry of the position of the minimum and maximum to know the maximum 
range of movement of the conveyor lifting segment mechanism. The conveyor segment moves with different 



LOGIC 
Journal of Engineering Design and Technology                      Vol.20 No.2 July 2020 

 Journal of Engineering Design and Technology  128 

speed and acceleration in each segment of the trailer due to the adjustment of motion requirements in 
distributing different types of goods. Separation of conveyor direction based on weight of distributed object. 
The maximum speed is obtained when the conveyor is heading downwards due to the influence of the force of 
gravity. The minimum speed is obtained when the conveyor is going upwards due to opposing gravity. The 
weight of the object so that the conveyor segment can be stable work adjusted, with heavy objects poured down 
and light objects directed upwards. The direction of the conveyor that moves up and down shows that the 
mechanism of the conveyor segment only moves in one axis (y axis), this shows that the conveyor segment 
lifter mechanism has only 1 degree of freedom. 
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Abstract. Adsorption refrigeration systems become promising alternative 
cooling technology for refrigeration and air conditioning applications. 
Thermal energy is a primary source of such systems for producing cooling 
capacity with less electricity usage compared to vapour compression systems. 
Solar energy with free-access and abundant availability in the tropics have 
great potential as a renewable heat source to drive the adsorption refrigeration 
systems through direct conversion from solar irradiation to the thermal 
energy. This paper describes experimental work on the performance of a solar 
adsorption refrigerator working with activated carbon/methanol pair in Bali 
area. The solar refrigerator has an adsorber with an effective surface area of 
0.259 m2 enclosed in a double-glazed collector box. The cooling load of the 
evaporator is 1 kg of water sited inside a cooler box of 0.37 x 0.25 x 0.345 m 
size. The experimental tests were performed outdoor to determine system 
cooling capacity and solar COP. Test results indicated that the refrigerator 
capable of bringing down water temperature at 18 ⁰C, while the system 
cooling capacity and COP reach 47.5 kJ and 0.046. Moreover, it is supposed 
that the solar adsorption refrigerator can be applied to pre-cooling post-
harvest agricultural products, mainly tomatoes, before distribution to the 
grocery stores or end consumers. 

Keywords : Activated carbon/methanol, Adsorption refrigerator, Intermittent, Solar energy 

 
 
1. INTRODUCTION 

Refrigeration machines, which mostly work based on vapour compression cycles, have been known as 
intensive electricity equipment. The electricity supply mainly comes from fossil-energy based power generators, 
which contribute indirectly to global warming by CO2 gas emissions. Moreover, the refrigerant types used, namely 
chlorofluorocarbons (CFCs), hydrofluorocarbons (HCFCs), and hydrofluorocarbons (HFCs), have a significant 
ozone-layer depletion potential that very harmful to the environment [1-2]. 

Solar adsorption refrigeration (SAR) systems offer an attractive solution to provide more environmentally 
friendly cooling by using natural refrigerants (e.g., water, methanol, ethanol, and ammonia) and easily accessible 
renewable energy resources. Solar thermal energy, which delivered with or without heat transfer fluids, becomes 
a primary driving power to run such systems instead of electricity. Importantly, the solar irradiation availability 
period is coincident with the cooling demands and potential to reduce the peak load of electricity [3-5].  

The SAR systems employ refrigerant and adsorbent as a working pair and operate under pressurised or 
partial vacuum conditions [5]. Some important working pairs are silica gel/water, zeolite/water, activated 
carbon/ammonia, activated carbon/ethanol, and activated carbon/methanol [6-7]. The activated carbon/methanol 
can be driven with a heat source of low-grade temperatures, such as solar energy [8]. Its maximum desorption 
temperature is 120 ⁰C, and working at a high vacuum pressure [9]. Activated carbon is a sorbent material that has 
a large adsorption capacity of 0.45 kg/kg with a specific surface of 400-2500 m2/gram and low desorption heat of 
1800-2000 kJ/kg [10-11]. Methanol is a refrigerant with the high latent heat of evaporation and freezing point 
lower than water, which is suitable for ice-making and refrigeration applications [12]. 
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Many researchers reported experimental works on the activated carbon/methanol SAR system. Buchter et 
al. [13] built and tested an adsorptive solar refrigerator equipped with a 2 m2 of single-glazed solar 
collector/adsorber in Burkina-Faso. The gross solar COP obtained was 0.09-0.13, with the water of 40 L immersed 
in the evaporator. The solar irradiance during the test was 19-25 MJ/m2. Santori et al. [14] carried out a field test 
of a stand-alone solar adsorption refrigerator for vaccine storage in Messina, Italy. They used a solar collector 
exposed area of 1.2 m2. A solar COP of 0.08 was achieved by producing 5 kg of ice.  

Anyanwu and Ezekwe [15] conducted an experimental test on a solid adsorption solar refrigerator in 
Nsukka, Nigeria. The refrigerator used a flat type collector with an effective exposed area of 1.2 m2. The best 
cooling capacity yielded of 266.8 kJ/m2 per day, and the useful cycle COP achieved of 0.056-0.093. Li et al. [16] 
developed a no valve flat plate solar ice maker in the West of China. The solar collector area was 1 m2, which 
produce 4-5 kg ice under solar irradiation of 18-22 MJ/m2. The solar COP obtained was 0.12-0.14. Leite et al. [17] 
tested a solar adsorptive ice maker in Brazil. The collector-adsorber used multi-tubular with transparent insulation 
material and a projected area of 0.61 x 1.65 m. The solar COP gained was 0.085 at solar irradiation of 23.7 MJ/m2. 
The ice produced was 6.05 kg. 

Lemmini and Errougani [18] experimentally tested a flat plate solar adsorption refrigerator in Marocco 
under Mediterranean climate. They found that solar COP achieved was 0.05-0.08 at 12-28 MJ/m2 solar insolation 
and daily mean ambient temperature of 20 ⁰C. The lowest evaporator temperature was at -11 ⁰C. Ambarita et al. 
[19] reported the experimental test of a flat plate type solar-power adsorption refrigeration cycle with adsorbent of 
activated alumina and activated carbon in Medan city. The solar collector area used was 0.25 m2. They concluded 
that the pair of activated carbon/methanol was better than activated alumina/methanol. The solar COP yield was 
0.074 with solar irradiation of 13.63 MJ/m2. The lowest evaporator temperature achieved was 7.3 ⁰C, while the 
maximum generator temperature was 110.1 ⁰C.  

To the author's knowledge, only a few research reported performances of an intermittent solar adsorption 
refrigeration system under Indonesia's climate conditions, particularly in Bali island. Accordingly, this paper 
presents an experimental investigation of a solar adsorption refrigerator by utilising activated carbon/methanol 
pair with an intermittent working cycle in the Bali area. The system performance in terms of cooling capacity, 
solar COP, and the evolution of the pressure and temperature during the adsorption cycle are discussed.  
Furthermore, the developed refrigerator prototype is expected to be used as a pre-cooling device for post-harvest 
agricultural products, mainly tomatoes, before distribution to the grocery stores or end consumers. 

 
2. METHODS  
2.1 Experimental Setup and Materials 

Figure 1 shows a photograph of the prototype of an experimental setup. It composes of three major parts, 
namely a solar collector/adsorber, a condenser, and an evaporator/cooler box. The solar collector is a flat plate 
type made of steel plate with a 0.259 m2 effective exposed area and tilt angle of 9 ⁰. The solar collector is insulated 
with polyurethane of 40 mm and 60 mm thickness for the side and bottom walls, respectively, to prevent heat 
losses and painted using black-doff colour to absorb more heat. The top side of the solar collector is covered by 
double glass layer of 3 mm thickness each with a 40 mm gap. 

The adsorber is placed inside the solar collector and connected to the condenser through a pipe header. The 
adsorber consists of 10 rows copper pipe with the outer pipe size of 41.3 mm OD, 39.1 mm ID, and 420 mm long, 
whereas the coaxial inner one is a perforated copper pipe of 2 mm in diameter with a dimension of 9.5 mm OD, 8 
mm ID, and 480 mm long. The activated carbon is loaded about 5.4 kg in between of the two pipes. The condenser 
is made of copper pipe of 19.05 OD, 175 mm long arranged in five rows vertically, and connected to the two 
headers. The evaporator uses a copper plate of 1.8 mm thickness with a trapezoidal surface and a heat transfer area 
of 0.119 m2. The cooler box has 16 L capacity and 0.37 x 0.25 x 0.345 m size.  

Figure 2 shows a working pair of activated carbon/methanol employed for the experimental prototype. The 
activated carbon is a granular type of coconut-based carbon, and the methanol is a product of Merck with a purity 
of 99.9%. 

 
 
 
 
 
 
 
 
 
 

(a)                                      (b) 
Figure 2. Working pair: (a) methanol, (b) activated carbon 
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Figure 1. Experimental prototype 
 

2.2 Procedures 
The adsorption refrigerator prototype is firstly heated up to the adsorber temperature of 110 ⁰C using 2 x 

500 W halogen lamps. At the same time, deeply vacuum to the pressure of -76 cmHg using a vacuum pump to 
ensure no gases trapped inside the system. This step is called degassing process to achieve proper system vacuum 
by releasing non-condensable gases, which bonded to the activated carbon in the adsorber. The system vacuum 
condition is maintained and monitored for 48 hours to ensure that no leakage occurs.  Subsequently, 425 ml of 
methanol is charged into the system via a charging port closed to the evaporator/cooler box. The system is then 
ready for the outdoor performance test.  

The performance test has been carried out on 21 July 2019 at Politeknik Negeri Bali for one day at the local 
time started from 08.30 to 05.30 the next day by using 1 kg of water as a cooling load. The evaporator is immersed 
in the water. The control valve between the condenser and the evaporator is kept fully opened during the test period 
to perform a no valve adsorption cycle operation.  

The experimental data is collected from the reading of measurement instruments in 30 minutes interval. 
The K-type thermocouples measure the temperature in the adsorber, condenser, evaporator, water, and ambient 
air, and the readings are displayed on a Krisbow (KW-06-283 model) digital thermometer. Two analog vacuum 
pressure gauges are placed adjacent to the adsorber and evaporator. For solar irradiation measurement, a solar 
power meter (SM206 model) is employed. 

The system cooling capacity is calculated by using Eq. 1, while solar energy received by the 
collector/adsorber and the solar COP calculation refer to Eq. 2 and Eq. 3 [10], [15]. The cooling capacity is 
determined from the product of water quantity (mw), specific heat of water (cp,w) and temperature change from 
initial temperature (Ti) to final temperature (Tf). 

 
𝑄! = 𝑚"	𝑥	𝑐$,"	𝑥	(𝑇& − 𝑇')                                                                                                         (1) 
 

The total solar irradiation energy incident (Es) to the collector is determined by the product of solar 
irradiation intensity over the whole day from sunrise (tsr) to sunset (tss) and the collector exposed surface area 
(Ac).  
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𝐸( = ∫ 𝐼((*)	𝑥	𝐴!	𝑑𝑡
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3. RESULTS AND DISCUSSION 
The temperature evolution of the adsorber and evaporator with the solar irradiation profile in a day are 

depicted in Figure 3. The solar irradiation reaches the peak of 866 W/m2 at 12.00. The partly cloud is observed at 
10.30, and the solar irradiation drops to 101 W/m2. From 15.30 to 18.00, the solar irradiation decreases gradually 
from 479 W/m2 to 87 W/m2. The total solar irradiation energy received by the solar collector in a day is 14.35 
MJ/m2. The ambient temperature fluctuates 28.3-35 ⁰C during day time from 08:30 to 18.00. Accumulated heat in 
the solar collector increases the temperature of the adsorber along with the solar radiation evolution, reaching the 
maximum adsorber temperature of 77.8 0C from the start point of 37 ⁰C at 08.30.  However, the condenser 
temperature fluctuates slightly, achieving a peak of 38.2 ⁰C at 12.00. The maximum temperature difference 
between condenser and ambient air is 5 ⁰C at 12.30. The response of the adsorber temperature increment is slower 
than that of the solar radiation received by the solar collector, due to the low thermal conductivity of the activated 
carbon and heat losses in the solar collector. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. Variation of adsorber and evaporator temperatures, and solar irradiation with time 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

Figure 4. Variation of adsorber and evaporator pressures, and solar irradiation with time 
 

Figure 4 shows the variation of the adsorber and evaporator pressure with the solar irradiation in a day. At 
th e starting point at 08.30, the adsorber pressure is -62.5 cmHg and increases upon the peak of -43 cmHg at 14.00. 
The adsorber pressure increases dramatically between 08.30 and 12.00 and stable at -43 cmHg for about 2 hours 
and then decreases significantly to -64.5 cmHg at 18.00.  The stable period of the adsorber pressure indicates the 
condensation of the vapor methanol occurs. The evaporator pressure increases proportionally with the adsorber 
pressure. A slight pressure difference of 0.5 cmHg between the adsorber and the evaporator observed during the 

0
100
200
300
400
500
600
700
800
900
1000

-76
-72
-68
-64
-60
-56
-52
-48
-44
-40
-36

08
.0

0
09

.0
0

10
.0

0
11

.0
0

12
.0

0
13

.0
0

14
.0

0
15

.0
0

16
.0

0
17

.0
0

18
.0

0
19

.0
0

20
.0

0
21

.0
0

22
.0

0
23

.0
0

00
.0

0
01

.0
0

02
.0

0
03

.0
0

04
.0

0
05

.0
0

06
.0

0
07

.0
0

So
la

r 
ir

ra
di

at
io

n 
(W

/m
2)

Pr
es

su
re

 (c
m

H
g)

Time of day (h)

Adsorber
Evaporator

0
100
200
300
400
500
600
700
800
900
1000

0

10

20

30

40

50

60

70

80

90

08
.0

0
09

.0
0

10
.0

0
11

.0
0

12
.0

0
13

.0
0

14
.0

0
15

.0
0

16
.0

0
17

.0
0

18
.0

0
19

.0
0

20
.0

0
21

.0
0

22
.0

0
23

.0
0

00
.0

0
01

.0
0

02
.0

0
03

.0
0

04
.0

0
05

.0
0

06
.0

0
07

.0
0

So
la

r i
rra

di
at

io
n 

(W
/m

2 )

Te
m

pe
ra

tu
re

  (
⁰C

)

Time of day (h)

Adsorber
Condensor
Ambient
Solar irradiation



LOGIC 
Jurnal Rancang Bangun dan Teknologi                       Vol.20 No.2 July 2020 

 Journal of Engineering Design and Technology  133 

exposure of the solar irradiation. It is the effect of no valve operation, and pressure drop occurs in the adsorption 
system line. During the night-time (18:30-05:30), the adsorber and evaporator pressure decrease following the 
decrease of ambient temperature from 27.8 ⁰C down to 20.6 ⁰C. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 5. Variation of evaporator and water temperatures with time 
 

The fluctuation of the evaporator and water temperature during the test period are shown in Figure 5. At 
the beginning of the test at 08.30, both of the temperatures is at 19.5 ⁰C. The evaporator and water temperature 
increase to a maximum of 28.1 ⁰C and 29.3 ⁰C, respectively, at 17.00. Accordingly, both of the temperatures 
decrease significantly down to 19.2 ⁰C and 20.6 ⁰C, at 23.00, and being stable for about 5 hours at 18 ⁰C and 19.8 
⁰C.  It indicates that the evaporation process is being completed. The minimum temperature by the evaporator and 
water is 16.7 ⁰C and 18 ⁰C and keep stable for about 1 hour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Actual characteristics of a solar adsorption refrigeration cycle 
 

Figure 6 shows actual characteristics of the no valve solar adsorption refrigerator represented by the 
evolution of temperature and pressure in the adsorber. Referring to stages of the process of the theoretical 
adsorption cycle (Fig.2), the heating, desorption, and part of the cooling processes occur during day-time (08.30-
18.00). It is apparent that the condensation process starts at the adsorber temperature of 61.5 ⁰C (-45 cmHg) until 
the respected temperature reaches a maximum of 77.8 ⁰C (-43 cmHg). During the night-time (18.00-05.30), the 
adsorber temperature drops about 18.9 ⁰C from starting at 40.1 ⁰C then ends close to the ambient temperature. It 
can be seen from the figure that the solar adsorption prototype works appropriately, similar to the theoretical 
adsorption cycle. 

The cooling capacity is calculated based on the temperature changes of the water from a maximum of 29.3 
⁰C to a minimum of 18 ⁰C. Taking specific heat of the water is 4.2 kJ/kgK, the cooling capacity obtained is 47.5 
kJ. The solar coefficient of performance (COP) is the ratio of the cooling capacity to the solar irradiation received 
by the solar collector.  The solar COP obtained is 0.046 based on the effective exposed area of the solar collector 
of 0.259 m2 and total solar irradiation energy of 14.35 MJ/m2. 
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4.  CONCLUSION  
The experimental prototype of an activated carbon/methanol solar refrigerator has been built and tested 

with the exposure of solar irradiation in Bali Province, Indonesia. The solar adsorption refrigerator works up to a 
maximum adsorber temperature of 77.8 ⁰C by receiving total solar energy of 14.35 MJ/m2. The cooling capacity 
produced is 47.5 kJ, and the solar COP yields 0.046. The minimum temperature by the water as a cooling load 
medium is 18 ⁰C. Further investigation is needed to improve the solar collector design to capture more heat, thus 
increasing the adsorber temperature to obtain more methanol flowing to the evaporator and optimising the system 
cooling capacity and solar COP. 
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