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filter. The current water filter is not suited for users’ needs

because they cannot afford it. Therefore, this research intends
to redesign the water filter. This research aims to reduce
Keywords production costs and increase the efficiency of design and
Water Filter; assembly time. The method employed is Design for
Reaion Efency: Manufacturing and Assembly (DFMA). The results show that
MA. the production cost decreased by 50.83%; design efficiency
increased by 37.5%; production, handling, and assembly time
improved by 51.7%, 33.3%, and 52.7% for each; the number of
ppm decreased from 142 to 95. For the contribution, few
previous research uses the DFMA method to analyze and
redesign the water filter. These findings contribute in helping
the user recognize new options to design efficient water filters

for future needs.

This is an open access article under theCC-BY-SA license.

INTRODUCTION

The essential daily need of living beings in this inseparable world is water. Not only
important for humans, but water is also a necessary part of living creatures. Without water,
there is probably no life because all living things desperately need water to survive[l]. Water
is a renewable natural resource located in hydrographic areas [2]. Clean water required for
human consumption must come from clean and safe sources [3]. However, the lack of clean
water to meet daily needs is still prevalent in society [4]. Water quality remains a very topical
issue. The impact on our health is enormous because good quality water is very prominent
for our bodies [5]. Alternative water sources have become a key component of sustainable
water resource management [6]. The necessary tool to produce clean water is a water filter.

Water filters have chemical characteristics and mechanical properties. These properties
make them suitable candidates for varieties development of purification materials, especially
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for improving the quality of contaminated water through point-of-use applications where user
compliance is high [7]. However, water filters do not appropriate for the customers’ needs
because the current water filters contain up to 35% of materials unsuitable for outdoor use
tools, and the design is still ineffective and overpriced. The main reason behind product
redesign is changing consumer needs and desires. The purpose of redesigning a product is
to solve problems such as product performance and improve product redesign elements [8].
Product redesign has become a powerful evolutionary method in product development. Re-
designing products aims to develop new products with improved reliability by upgrading
specified target components. Product improvement is the main factor affecting production
costs. Therefore, product designers use methods and techniques to improve their ability to
assess costs. The most significant approach to environmentally friendly product design is the
theory of Design for Manufacturing and Assembly (DFMA) [9].

DFMA is a design approach that considers manufacturability and assembly during the
design phase of product development[10]. Design for Manufacturing and Assembly (DFMA)
means composite of DFA and DFM [11]. DFA is a systematic approach to reducing assembly
time [12]. DFM is a method for simply designing a series of parts that, when assembled, form
a product [13]. The DFMA method provides a systematic process for determining exclusion
candidates based on predetermined criteria. It also makes it easier for designers to follow
design guidelines derived from good design practices for redesigning existing parts[14].
DFMA method applies to reduce the number of materials and assembly time or simplify sub-
assemblies. [15]. DFMA can improve product design by considering downstream
manufacturing and assembly processes[16]. Effective implementation of DFMA can reduce
manufacturing costs without sacrificing product quality [17]. The application of DFMA has
dramatically improved productivity, Reduced program timing, assembly time, assembly
errors, and single parts. DFMA analysis allows for estimating assembly and manufacturing
costs for both existing products and concepts. This analysis at the door finished step by step
[18].

According to Bakhshi [19], DFMA applies to optimize a collaborative design process. The
construction process facilitates information transfer, knowledge development, technical
coordination, and resource allocation, enabling all project stakeholders to function optimally
with less unnecessary conflict. In particular, we meet PB with work aimed at developing new
design frameworks to accommodate customer preferences based on production. Based on
research by Butt [20] DFMA method is applied to the conveyor system to build concepts
based on market competition, customer requirements, and new manufacturing techniques.
This work focuses on improving efficiency cost and design efficiency through a systematic
analysis of different parts of the TTC conveyor system. Research conducted by Setiyawan et
al. [21] A product prototype evolved in this study to create a helpful tool for filtering chemicals
from household liquid waste using the DFMA method by developing an SOP (Standard
Operational Procedure). After the selected design enters the manufacturing and assembly
phase, a prototype establish. A prototype is simple modeling to get a basic idea of the frame
design chosen by the user.

In addition, the DFMA method employed in this study are implemented based on
customer needs. It also considers the minimum cost by employing alternative materials,
reducing components, and redesigning process. There are few previous research using the
DFMA method for analyzing and redesigning tools by replacing parts of the water filter to suit
the outside tool. The purpose of this study is to reduce the cost of production and assembly
time and increase the design efficiency of water filter plans using the design for
manufacturing and assembly (DFMA) method.
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METHOD
1. Current Design

This research focuses on redesigning water filters to match the consumer needs. Figure
1 represents the current water filter design.

Figure 1. Current design of water filter

The current water purifier uses a cartridge case filter for the filter media container. Each
cartridge housing uses different filter media. The current filter designs also add a filter window
that acts as a buffer for the filter to stand on, as the filter device cannot stand on its own. This
filter window is made of connected iron holograms to match the shape of the filter. The
design evaluates using the DFMA method. The data is analyzed, then some proposed parts
will be modified and redesigned. The redesign section will be analyzed using the same
method. The results between the original design and the improved design are compared.

2 Design for Manufacturing and Assembly (DFMA)

DFMA means composite two techniques: Design for Manufacturing (DFM), which
considers the manufacturing process of a part down to the convenient steps, and Design for
Assembly (DFA), which examines the time and cost of assembling a product. [22]. DFMA is
the right way to solve this problem and achieve its goals. Therefore, according to Yuan [23],
the DFMA method allows redesigned tools to reduce production costs. Also, the DFMA
stages are concise and easy to understand. Design deliverables should be efficient, and
conceptual design deliverables should avoid wasting time and detailed design. Another
similar method to solve this problem is the quality function Deployment DFMA method is less
complicated and inefficient than his DFMA. According to Khan (2019) [24], the stages of
applying the DFMA method are presented in Figure 2.

e Design Concept
In the first stage, you must convert your ideas into concepts. The concept design adjusts
to the filter tool's efficiency and the materials' suitability.

e Design for Assembly
DFA is a systematic approach to reducing assembly time [12]. DFMA uses the process to
assemble the product and calculate the material and manufacturing costs. The design
must be adopted, and the detailed manufacturing design guidelines must be applied to
optimize the parts within the assembly. The formula to calculate the design efficiency is
as follows.

ta
Ema = Nmin X (—) x 100% (1)
tma

where Ena is Design efficiency, Nmin iS the minimum number of parts, tma is the estimated
time to complete product assembly, and t, is the basic assembly time for one part.
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Figure 2. The stages of DFMA method
e Selection of Materials

Material selection adjusts to the suitability of the material with the outdoor design
concept. So, the material is selected according to the strength of weather resistance.

e Best Design Concept

After collecting the design concept and selecting the material, then the most suitable
material and design to be applied in the field are selected and rearranged by forming a
bill of materials and the like to produce the best design concept.

e Design for Manufacture

DFM is a method for designing a series of parts that, when assembled, form a product
[13]. At this stage, the price of the water filter material is calculated. After tabulating the
material prices, calculate the total manufacturing costs and the number of expenses
saved in manufacturing the water filter. The formula to calculate percentage cost savings
is as follows.

Proposed Design

Cost Percentage (%) = ( ) X 100% @)

Current Design
e Prototype

The function of this prototype is to create a filter tool that matches the desired concept by
illustrating the tool before creating it. This study uses AutoCAD software to create a
prototype.

. Production

After finishing and assembling all these materials, a prototype model must be built to test
its functionality.

3. AutoCAD Software

In the past, architects and engineers used manual drafting methods. It was a time-
consuming process as it used pen and paper. Current industry uses computer-aided
design/drafting systems to design, draft, model, and analyze. These computer-aided drafting
and drafting tools have replaced manual drafting methods. There is a wide variety of design
software on the market, but one of the straightforward commercial CAD software to use is
AutoCAD. The steps for using AutoCAD software are as follows :

1. After selecting the concept and material for the filter tool, the next step is making a
prototype using AutoCAD. The trick is to discover a reference image of the filter tool
before the prototyping process.
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2. After that, the filter concept has to determine and match the size made managed in
centimeters (cm) conversion.

RESULTS AND DISCUSSION

1. Concept

The choice of the design concept is based on the field conditions and the price of the
water filter. The DFMA (For Design Manufacturing and Assembly) method uses to design a
multilevel system water filter because DFMA is easy to apply in the field. It was the design of
choice considering the needs and reducing the cost of production. This multilevel filter can
perform better and more efficient filtering.

2. Design of Assembly

DFA is a systematic approach to reduce assembly time [14]. The redesign process
involves material identification in the current water purifier. The part removal and replacement
process are performed at this step, as shown in Table 1.

Table 1. Part function and analyze

No Part Name Function Suggestion

1 PVC 1linch As water canal The size can be changed 2inch. so that the

flow of water becomes smoother and faster

2 Housing As water container. Can be changed to PVC pipe 4inch.
Cartridge Filter

3 Bracket Connection housing catridge  Can be eliminated
Housing Filter between etalase

4 Wrench A key to fastening the Can be eliminated
Housing housing catridge

5 Screw Connection between bracket Suggested to eliminated

6 Cover filter

housing and housing filter
Cover of Housing Cartridge
Filter

It was needed because it is the main part of
the filter. The filter cover can be adapted to
PVC Pipe.

7 CTO Filter Filter Media It was needed because it is the main part of
the filter.
8 UDF GAC Filter Filter Media It was needed because it is the main part of
20inch the filter.
9 Filter Cartridge  Filter Media Needed because it is the main part of the filter.
10 Etalase Housing filter Container Suggested to eliminated
Housing Filter
Air

The design concept implicates evaluating the design concepts considering the customer
needs and other criteria and comparing the relative strengths and weaknesses of the current
design for further investigation or development. The comparison between the current and
proposed design represents in table 2 below.

Table 2. The comparison of process between the current and proposed design

Step Time (min) Step Time (min)

Measuring holo iron 5 Measuring Body Filter 5
Cutting holo iron 40 Cutting 30
Case assembly 90 Scrapping 5
Scrapping case 30 Assembly part 1 30
Painting case 20 Filling media filter 29
Assembly filter 35 Assembly part 2 5

Filling media filter 15 Inspection 45
Installation filter to case 10 - -
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Inspection 45 - -
Total 290 Total 140

The different number of steps in making the water filter will affect the manufacturing
process time. This statement can be proved by the fewer steps and time needed to make the
water filter by seven steps and 140 minutes. In the proposed design, there is no assembly
case process because the proposed design can support the water filter firmly. By using Eq. 1,
the design efficiency of the current and proposed design is as follows. The calculation above
shows the design efficiency is increased by 7.5% from the current to the proposed designs.
Current design

290

Ema = [3 X <l
290

>] X 100% = 30%

Proposed design
w
Ema = [3 X <L)
140

3. Design for Manufacturing

X 100% = 37.5%

DFM is a method for designing a series of parts that, when assembled, form a product
[15]. Table 3 shows the cost of DFA and DFM for the current design and improved design
manufacturing and assembly cost for current design.

Table 3. The cost comparison between current and purposed design

No. Proposed Design Current Design
Part Name Price Part Name Price
1 PVC Pipe 4 inch Rp 380,000 PVC Pipe 1 inch Rp 81,000
2 PVC Pipe 2 inch Rp 112,000 Housing Cartridge Filter/ filter Rp 400,000
media container
3 Clem Out Rp 102,000 Bracket Housing Filter Rp 90,000
4 Connection pipe tee Rp 240,000 Wrench Housing Rp 150,000
5 Pipe Cover Rp 24,000 Screw Rp 10,000
6 Elbow Rp 39,000 Filter Cover Rp 135,000
7 Filter media Rp 280,000 CTO Filter Rp 240,000
8 Pipe glue Rp 60,000 UDF GAC Filter 20inch Rp 290,000
9 - - Filter Cartridge Rp 245,000
10 - - Water Filter Housing Case Rp 875,000
Total Rp 1,237,000 Total Rp 2,516,000

In table 3, the proposed design reduces 8 parts from the current one. Replaces 1-inch
PVC to 2 Inch Size 8 to increase the flow of water and replace the housing cartridge filter with
a 4-inch PVC pipe to increase the durability of the cartridge housing outdoors, eliminating 4
parts. According to previous research, a filter device with simple technology like this is easier
to obtain in the surrounding environment and does not use a relatively expensive cost. From
the price on Table 3, the cost percentage by using Equation 2 is 49.17%. It means the cost
reduction is about 50.83% from the current design.

According to the calculation above, the difference between the current and proposed
designs is 50.83%. Thus, the proposed design of the water filter complies with the DFMA
method. Because one of the requirements of this method is more economical, with the
selection of material parts that are easier to obtain and cheaper, this design can be an
alternative.

4. Prototype

Figure 3 shows a water filter prototype that has been redesigned using the DFMA method.
After making the prototype, the next step is to do a trial on the water filter plant by draining
the watershed from the water storage reservoir managed by PAM into the water filter. A
Water sample testing showed differences in the level of water clarity before and after going
through the filter process. After that, the TDS test showed that The TDS test results the water
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resource before and after entering the filter system show that the TDS level of the water
before entering the water filter was 142 ppm, and after that, the score of TDS level was 95

ppm.

Side View Front View

—
-
—

11
4
12

171

Z44

Top View

Figure 3. The prototype of a water filter
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5. Comparison Between Current and Proposed Design of Water Filter

This comparison is necessary to find differences between the design of the current
system and the proposed water filter and to validate that this proposed water filter is
better than the current system.

Clem out

Conn jop, Pipe Tee Caover of PVC Pipe

Connection hetween. 3 pipe

Elbow
Connection Between 2 pipe and tool

PVC Pipe 4 Inch for deflect the water.

As water canal.

PVC Pipe 2 inch
As water canal

Pipe Cover
Cover of The Water Filter

Figure 4. The design of the current water filter and the proposed water filter

There is a difference in the overall size between the old and new designs. First, on the
diameter of the filter housing, the size of the current design is 12.5cm at the top and 10cm at
the bottom, while the proposed design has a diameter of 11.4cm. Second, the filter height in
the old design is 31cm, and the new design is 100cm. Some parts of the current water filter
use threads, where the function of a screw is less affordable to apply in an outdoor area, and
the proposed water filter applies pipe glue. The filter housing is also replaced with PVC pipe
because the filter housing is still quite expensive compared to good quality PVC pipe at an
affordable price. So the overall size of the old design is 38x17x43cm, while the new design is
76x16.8x100 cm. Table 4 shows the comparison result of DFMA between current and
proposed design.

Table 4. The comparison results of DFMA

Part Name Current Design Proposed Design
Number of parts 10 8
Handling score 15.3 10.2

Total time production (min) 290 140
Design efficiency (%) 33% 37.5%
Total price (IDR) Rp 2,516,000 Rp 1,237,000

Design efficiency for assembly has increased from 33% to 37.5%. It shows that the
proposed design is much better than the current design. Then, the proposed design could
reduce the production costs from Rp 2,516,000 to Rp 1,237,000 and reduce the number of
used parts from 10 parts to 8 parts. The improvement results in production, assembly, and
handling time is shown in Table 5.

Table 5. Improvement result

Part Name Current Design Proposed Design Improvement
Total production time (min) 290 140 51.7%
Handling score (min) 15.3 10.2 33.3%
Assembly time (min) 274.7 129.8 52.7%

The result of the redesign of the filter tool is proven to have a lower price than the old
design. The old design's price is Rp 2,516,000, and the new design's price is Rp. 1,237,000
with a price difference of Rp. 1,279,000 or 50.83%. The total production time of the filter-
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making process was from 290 minutes to 140 minutes. Generally, total production time is
about 51.7% with handling score and assembly time are 33.3% and 52.7%, respectively.

CONCLUSION

In this study, DFMA reduces production costs and increases design efficiency according
to the stages listed in the method. The results of this study are the design efficiency
increased by 37.5%, the manufacturing cost decreased by 50.83% is Rp 1,237,000, and the
improvement of production, handling, and assembly time in this research is 51.7%, 33.3%,
and 52.7%. After testing on water that has passed the filtration process, namely TDS, it
shows the TDS level was 95 ppm, previously at 142 ppm. This research helps the user to
make a specific decision for design options and identify the design efficiency that indicates
some future events in the redesigning process of the water filter. Moreover, the DFMA
method for analyzing and redesigning an outside tool has never been used in previous
research. In terms of future research, it is recommended to use another method to redesign
outdoor tools, and it is suggested to combine the part and then change it to another.

REFERENCES

[1] Jasman, Jasman, Nelvi Erizon, Syahrul Syahrul, Junil Adri, and Bulkia Rahim. "Simple
Water Purifier Using Multilevel System." 2017, pp. 267-272.

[2] Iswandi, U., and Dewata, Endang. “Pengelolaan Sumber Daya Alam”. Yogyakarta: CV
Budi Utama, 2020, pp 62-82.

[3] P. Kadam, “Determination of Efficiency of Roughing Filter for Grey Water Treatment,”
International Journal Of Engineering Research & Technology (IJERT) NTASU, vol. 9,
no. 3, pp. 203-205.

[4] K. Jezierska, W. Podraza, and A. Sekowska, “The usefulness of ascorbic acid
degradation to analyze the effectiveness of water filtration in household water filter
jugs,” Pomeranian Journal of Life Sciences, vol. 66, no. 3, pp. 71-75, 2020.

[5] R. Thusyanthini, S. S. M. Peramunagama, and A. G. S. D. De Silva, “Needs of the
human right to safe drinking water in terms of rainwater harvesting system in dry zone
of Sri Lanka,” International Journal of Scientific and Research Publications (IUSRP),
vol. 11, no. 3, pp. 125-131, 2021.

[6] M. Vignola, D. Werner, F. Hammes, L. C. King, and R. J. Davenport, “Flow-cytometric
quantification of microbial cells on sand from water biofilters,” Water Research, vol.
143, pp. 6676, Oct. 2018.

[7] J.O. Okechukwu, S. A. Osemeahon, and B. J. Dimas, “Development and Evaluation of
the Performance of Ceramic Water Filter Prepared from Dried Duckweed Plant,”
African Journal of Environment and Natural Science Research, vol. 4, no. 1, pp. 53-61,
Mar. 2021.

[8] X. Li, J. Su, Z. Zhang, and R. Bai, “Product innovation concept generation based on
Deep Learning and Kansei Engineering,” Journal of Engineering Design, vol. 32, no.
10, pp. 559-589, 2021.

[91 B. V. Chowdary, M. A. Richards, and T. Gokool, “An integrated approach for
sustainable product design: Concurrent application of DFMA, DFE and CAD/CAE
principles and Tools,” Latin American J. of Management for Sustainable Development,
vol. 4, no. 4, p. 259, Jul. 2019.

[10] J. Volotinen and M. Lohtander, “The redesign of the ventilation unit with DFMA
aspects: Case study in Finnish industry,” Procedia Manufacturing, vol. 25, pp. 557—
564, 2018.

[11] C. V. Ferreira, F. L. Biesek, and R. K. Scalice, “Product Innovation Management Model
based on Manufacturing Readiness Level (MRL), design for manufacturing and

Redesign of water ... (Balqis, et al.) 139



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

140

1310 Vol. 3. No 2, September 2022 p. 131-140

Assembly (DFMA) and Technology Readiness Level (TRL),” Journal of the Brazilian
Society of Mechanical Sciences and Engineering, vol. 43, no. 7, 2021.

G. Formentini, N. Boix Rodriguez, and C. Favi, “Design for manufacturing and
assembly methods in the product development process of mechanical products: A
systematic literature review,” The International Journal of Advanced Manufacturing
Technology, vol. 120, no. 7-8, pp. 4307-4334, 2022.

N. Nasyitah Mohammad, M. F. Rosli, M. K. Fadzly, N. Syaiyidah Mohamad Salikan,
and M. S. Effendi, “Design for manufacturing and Assembly (DFMA): Redesign of
Joystick,” IOP Conference Series: Materials Science and Engineering, vol. 864, no. 1,
p. 012212, 2020.

M. Li, B. C. L. Wong, Y. Liu, C. M. Chan, V. J. L. Gan, and J. C. P. Cheng, “DFMA-
oriented design optimization for steel reinforcement using BIM and hybrid metaheuristic
algorithms,” Journal of Building Engineering, vol. 44, p. 103310, 2021.

N. Maidin, A. Rahman, and M. Hidayat , “Reducing Product Cost by Implementing
DFMA Methodology-Lucas Hull: A Case Study,” ESTEEM Academic Journal. , vol. 4,
pp. 12-23, 2019.

W. Lu, T. Tan, J. Xu, J. Wang, K. Chen, S. Gao, and F. Xue, “Design for manufacture
and assembly (DFMA) in construction: The old and the new,” Architectural Engineering
and Design Management, vol. 17, no. 1-2, pp. 77-91, 2020.

I. Santosa, G. R. Wilis, and U. Mulyadi, “Soy milk filter design using DFMA method,”
IOP Conference Series: Earth and Environmental Science, vol. 755, no. 1, p. 012047,
2021.

C. D. Naiju, “DFMA for product designers: A Review,” Materials Today: Proceedings,
vol. 46, pp. 7473-7478, 2021.

S. Bakhshi, M. R. Chenaghlou, F. Pour Rahimian, D. J. Edwards, and N. Dawood,
“Integrated Bim and DFMA parametric and algorithmic design based collaboration for
supporting client engagement within Offsite Construction,” Automation in Construction,
vol. 133, p. 104015, 2022.

J. Butt and S. Jedi, “Redesign of an in-market conveyor system for manufacturing cost
reduction and design efficiency using DFMA methodology,” Designs, vol. 4, no. 1, p. 6,
2020.

M. A. F. Setiawan, H. B. Romdo, S. Amaly, and G. S. Saputra, “Manufaktur Prototipe
Filter Sederhana Pada Limbah Cair Rumah Tangga”, vol. 13, no. 11, 2019.

K. M. Antony and S. Arunkumar, “Dfma and sustainability analysis in product design,”
Journal of Physics: Conference Series, vol. 1455, no. 1, p. 012028, 2020.

Z. Yuan, C. Sun, and Y. Wang, “Design for manufacture and assembly-oriented
parametric design of prefabricated buildings,” Automation in Construction, vol. 88, pp.
13-22, 2018.

M. Khan, Angadi, Gangadhar, Raina, and Ankush, “Metal Air Battery Shell Unit
Redesign with DFMA Aspect and Rapid prototyping,” International Journal of Recent
Technology and Engineering (IJRTE), vol. 8, no. 1, pp. 1738-1742, May 2019.

Z. Safiee, Z. Hanapi, and Y. S. Sheh, “Factors affecting the readiness of using autocad
software in teaching,” International Journal of Academic Research in Business and
Social Sciences, vol. 9, no. 5, 2019.

d) 10.12928/iji0.v3i2.6647


https://doi.org/10.26555/ijish.v3i2.2222

