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DESIGN AND DEVELOPMENT OF DRIED CHILI SEEDS SEPARATOR 

MACHINE USING DFMA METHODOLOGY 

Abstrak 

Merancang suatu produk yang memiliki sedikit komponen, mudah dirakit, dan 

biaya produksi rendah sangat penting untuk tim perancang agar berhasil dalam 

pasar daya saing global. Oleh karena itu, metodologi DFMA dianggap dan banyak 

digunakan untuk mengatasi masalah tersebut. DFMA adalah metode yang 

didasarkan pada DFA dan DFM untuk memastikan produk dirancang untuk 

mudah diproduksi dan dirakit dengan minimum waktu dan biaya perakitan, dan 

biaya produksi. Tujuan dari tugas akhir ini adalah untuk menentukan jumlah total 

komponen, 𝑇𝑁𝑖, total waktu perakitan, 𝑇𝑇𝑚𝑎, dan biaya, 𝑇𝐶𝑚𝑎, kualitas 

perakitan,𝐷𝑎, efisiensi desain, biaya total bahan, 𝑇𝑀𝑐, total biaya pemrosesan 

dasar, 𝑇𝑃𝑐, total koefisien biaya relatif, 𝑇𝑅𝑐, total biaya manufaktur, 𝑇𝑀𝑖. Produk 

desain yang telah ada dan yang diusulkan akan dianalisis dengan menggunakan 

metodologi DFMA. Perangkat lunak Solidworks digunakan untuk merancang 

setiap komponen dari produk yang ada dan untuk mengembangkan produk baru. 

Motor listrik dan analisis simulasi produk digunakan untuk memverifikasi apakah 

produk aman dan dapat dioperasikan dengan baik.Berdasarkan hasil penelitian ini 

dapat disimpulkan bahwa desain produk mesin pemisah biji cabai kering yang ada 

sudah diperbaiki sehingga terjadi pengurangan sebesar 93,62% pada jumlah total 

komponen, 𝑇𝑁𝑖. Total waktu perakitan, 𝑇𝑇𝑚𝑎, berkurang 95,93%. Total biaya 

perakitan, 𝑇𝐶𝑚𝑎, berkurang 95,88%. Efisiensi desain ditingkatkan dari 80,85% 

menjadi 22,22%, pengurangan 93,62%. Kualitas perakitan,𝐷𝑎, ditingkatkan, dari 

14,62% menjadi 0,45%. Total biaya material, 𝑇𝑀𝑐, berkurang, dari 8881.33 

menjadi 630.53 pence, pengurangan 92.90%. Total biaya pemrosesan dasar, 𝑇𝑃𝑐, 

berkurang, dari 406,40 menjadi 121,40 pence, pengurangan 70,13%. Koefisien 

total biaya relatif, 𝑇𝑅𝑐, berkurang dari 291,89 menjadi 134,56 pence, penurunan 

53,90%. Total biaya produksi, 𝑇𝑀𝑖, berkurang 85,06%, dari 12189,63 menjadi 

2478,07 pence. Torsi, 𝑇, motor terpasang adalah 0,64 Nm yang lebih tinggi dari 

torsi, T, motor yang dibutuhkan adalah 0,58 Nm. , tekanan minimum adalah 

1,367e + 003 N/m2dan tegangan maksimum adalah 2,562e + 006 N/m2.

Ketegangan minimum adalah 5.609e-007 dan regangan maksimum adalah 1.051e-

003. Faktor keamanan minimum adalah 1,859e + 001 dan faktor keamanan 

maksimum adalah 3,483e + 004. Oleh karena itu, secara teoritis desain baru mesin 

pemisah biji cabai kering ini aman dan dapat dioperasikan dengan baik. 

Kata kunci: Produk Desain, Mesin Pemisah Biji Cabai Kering, DFMA, DFA, 

DFM. 

Abstract 

Designing the product that has few parts, easy to assemble, and low 

manufacturing cost is essential to design team in order to be successfully in global 

competitiveness market. Therefore, DFMA methodology is considered and widely 

used to overcome those problems. DFMA is a method based on DFA and DFM to 
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ensure the product is designed to easily and efficiently manufactured and 

assembled with a minimum assembly time and cost, and manufacturing cost. The 

purposes of this final project are to determine the total number of parts,𝑇𝑁𝑖,total 

assembly time, 𝑇𝑇𝑚𝑎, and cost,  𝑇𝐶𝑚𝑎, assembly quality,𝐷𝑎, design efficiency, 

total material cost, 𝑇𝑀𝑐, total basic processing cost, 𝑇𝑃𝑐, total relative cost 

coefficient, 𝑇𝑅𝑐, total manufacturing cost, 𝑇𝑀𝑖.  The existing and the proposed 

design product are analyzed by using DFMA methodology. Solidworks software 

is used to design of each component of the existing product and to develop the 

new products. Electric motor and product simulation analysis is used to verify 

whether the product is save and can be well operated. Based on this research 

results can be concluded that the existing product design of dried chili seeds 

separator machine was improved resulting a reduction of 93.62% in total number 

of parts, 𝑇𝑁𝑖. The total assembly time, 𝑇𝑇𝑚𝑎, was reduced by 95.93%. The total 

assembly cost, 𝑇𝐶𝑚𝑎, was reduced by 95.88%. The design efficiency was 

improved from 80.85% to 22.22%, a reduction of 93.62%. The assembly 

quality,𝐷𝑎, was improved, from 14.62% to 0.45%. The total material cost, 𝑇𝑀𝑐, 

was reduced, from 8881.33 to 630.53 pence, a reduction of 92.90%. The total 

basic processing cost, 𝑇𝑃𝑐, was reduced, from 406.40 to 121.40 pence, a reduction 

of 70.13%. The total relative cost coefficient, 𝑇𝑅𝑐, was reduced from 291.89 to 

134.56 pence, a reduction of 53.90%. The total manufacturing cost, 𝑇𝑀𝑖, was 

reduced by 85.06%, from 12189.63 to 2478.07 pence. The torque, 𝑇, of installed 

motor is 0.64 Nm which is higher than the torque, 𝑇, of required motor is 0.58 

Nm. ,the minimum stress is 1.367e+003 N/m2 and the maximum stress is

2.562e+006 N/m2. The minimum strain is 5.609e-007 and the maximum strain is

1.051e-003. The minimum factor of safety is 1.859e+001 and the maximum factor 

of safety is 3.483e+004. Therefore, theoretically the new design of dried chili 

seeds separator machine is save and can be well operated.  

Keywords: Design Product, Dried Chili Seeds Separator Machine, DFMA, DFA, 

DFM. 

1. INTRODUCTION

DFMA as a fundamental concept is to be one of mostelement for company 

success in global market competition. The ability in efficiently developingand 

producinga high quality and reasonably price product that meets customer 

expectations is essential to make continuation profitability. By applying DFMA 

concept isa great opportunity in order to get more company’s profitability which 

the preferable product is produced by eliminating unnecessary parts as well as the 

manufacturing cost can be reduced. 

In this final project, dried chili seeds separator machine is taken as a case 

study to design, optimize and validate the product by DFMA methodology. 
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Through DFMA methodology, the total assembly time, 𝑇𝑇𝑚𝑎, and total assembly 

cost, 𝑇𝐶𝑚𝑎,can be reduced as well as improving the design efficiency of the 

existing design product without neglecting the existing parts function. Eventually, 

a new dried chili seeds separator machine that has an optimum design, high 

quality, low total assemblytime, 𝑇𝑇𝑚𝑎, and total assembly cost, 𝑇𝐶𝑚𝑎, low total 

manufacturing cost, 𝑇𝑀𝑖, easy to operate and maintenance is the output of the 

final project.  

1.2 THEORITICAL BACKGROUNDS 

1.2.1Design for Manufacturing and Assembly (DFMA) 

Design for Manufacturing and Assembly (DFMA) is the exercise of designing 

products with manufacturing in mind so they can be designed in the least time and 

least development cost, make the quickest and smoothest transition into 

production, be assembled and tested with the minimum cost in the minimum 

amount of time, have the desired level of quality and reliability, and satisfy 

customer’s needs and compete well in the marketplace (Bayoumi,2000). 

Systematically, DFMA methodology includes considerations of design 

manufacturability and assemblability, design principles and guidelines. The scope 

of DFMA is not only for manufacturability and assembleability issues, but 

including marketability, testability, serviceability, maintainability (Groover,2007). 

DFMA has two important tools that have been applied such as Design for 

Assembly (DFA) and Design for Manufacture (DFM).DFA method provides a 

method in which the time and cost for ease of assembly while DFM method 

provides a methodin which a suitable process to manufacture and to modify the 

parts based upon limitations of the process so the manufacturing cost can be 

reduced (Boothroyd et al, 2011). 

1.2.2Design for Assembly (DFA) 

Design For Assembly (DFA) is the best practice used to measure the individual’s 

components of the product (Ullman,2010). DFA method identifies the need to 

analyze both the part design and the whole product design for any assembly 
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problems. A lower number of parts and an easy of assembly contributes to 

reducing the overall cost of the product (Haik et al, 2018). 

1.2.2.1 Part Symmetry on Handling Time 

According to (Boothroyd et al,2011), One of the principal geometrical design 

features that affects the time required to grasp and orient a part is its symmetry. 

The parameter which would be termed the total angle of symmetry, is: 

Total angle of symmetry = 𝛼 +  𝛽                             (1) 

Where 𝛼 is the angle through which a part must be rotated about an axis 

perpendicular to the axis of insertion to repeat its orientation while 𝛽 is the angle 

through which a part must be rotated about the axis of insertion to repeat its 

orientation. 

1.2.2.2 Part Thickness and Size on Handling Time 

According to (Boothroyd et al, 2011), Two other major factors that affect the time 

required for handling during manual assembly are the thickness and size of the 

part. The thickness of a cylindrical part is defned as its radius, whereas for 

noncylindrical parts the thickness is defned as the maximum height of the part 

with its smallestdimension extending from a flat surface. 

1.2.2.3 Operation Time (𝑇𝑚𝑎) 

According to (Boothroyd et al,2011),The operation time is the sum of the 

handling, 𝐻𝑡, and insertion, 𝑙𝑡, times multiplied by the number of items, 𝑁𝑖. 

Therefore, the operation time per component, 𝑇𝑚𝑎, is: 

𝑇𝑚𝑎 = 𝑁𝑖 ( 𝐻𝑡 + 𝐼𝑡 )       (2) 

1.2.2.4 Total Assembly Time (𝑇𝑇𝑚𝑎) 

The total assembly time, 𝑇𝑇𝑚𝑎, is the sum of the total operation time per 

component, 𝑇𝑚𝑎. Therefore, the total assembly time, 𝑇𝑇𝑚𝑎, is: 

𝑇𝑇𝑚𝑎 = ∑ 𝑇𝑚𝑎
𝑛
𝑖=1 =  𝑇𝑚𝑎1 +  𝑇𝑚𝑎2 + ………. + 𝑇𝑚𝑎𝑛            (3) 
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1.2.2.5 Operation Cost (𝐶𝑚𝑎) 

According to (Swift et al,2013),The operation cost, 𝐶𝑚𝑎, of manual assembly 

comprises the sum of manual handling,𝐻𝑡, and manual insertion,𝑙𝑡, times 

multiplied by the labor rate,𝐶𝑙. Therefore, the operation cost of manual assembly, 

𝐶𝑚𝑎, is: 

𝐶𝑚𝑎 = 𝐶𝑙 ( 𝐻𝑡 + 𝐼𝑡 )                     (4) 

Where 𝐶𝑙 is the labour rate in pence per second. 𝐻𝑡 is the component handling 

times in second. 𝐼𝑡 is the component insertion times in second. The labor rate, 𝐶𝑙, 

is 0.46 pence per second. 

1.2.2.6 Total Assembly Cost (𝑇𝐶𝑚𝑎) 

The total assembly cost, 𝑇𝐶𝑚𝑎, is the sum of the total operation cost per 

component. Therefore, the total assembly cost, 𝑇𝐶𝑚𝑎, is: 

𝑇𝐶𝑚𝑎 = ∑ 𝐶𝑚𝑎
𝑛
𝑖=1 =  𝐶𝑚𝑎1 + 𝐶𝑚𝑎2 + ………. + 𝐶𝑚𝑎𝑛            (5) 

1.2.2.7 Design Efficiency 

According to (Ullman,2010), The Design efficiency is obtained by dividing the 

subtraction result of the actual and  the theoretical minimum number of 

components by the actual number of components. The equation for calculating 

Design efficiency is represented below: 

Design Efficiency = [𝑁𝑎𝑐𝑡− 𝑁𝑚𝑖𝑛

𝑁𝑎𝑐𝑡
] x 100% (6)

Where 𝑁𝑎𝑐𝑡 is the actual number of components and 𝑁𝑚𝑖𝑛is the theoretical 

minimum number of components. As a product is redesigned, keep track of the 

actual improvement: 

Actual Improvement = [𝑁𝑖𝑛𝑡− 𝑁𝑟𝑒𝑑

𝑁𝑖𝑛𝑡
] x 100% (7) 

Where 𝑁𝑖𝑛𝑡 is the number of components in initial design and 𝑁𝑟𝑒𝑑 is the 

number of components in redesign. 
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1.2.2.8 Assembly Quality (𝐷𝑎) 

According to (Boothroyd et al,2011), Since DFA assembly time values are related 

to the difficulty of assembly operations, the probability of an assembly error may 

also be a function of the predicted assembly operation times. For a product 

requiring 𝑛 assembly operations, the probability of a defective assembly, 𝐷𝑎, 

containing one or more assembly errors, is therefore approximately: 

𝐷𝑎 = 1 – [ 1 –  0.0001(𝑡𝑖 –  3.0) ]𝑛                             (8)

Where 𝑡𝑖 is the average assembly time per operation. This relationship can 

be applied in the early stages of design to compare the assembly error rates of 

alternative design concepts for small products assembled in largequantities. 

1.2.3 Design for Manufacture (DFM) 

According to (Haik et al,2018), Design for manufacturing is based on minimizing 

the costs of production, including minimizing the time to market while 

maintaining a high standard of quality for the product. The key concern of DFM is 

in specifying the best manufacturing process for the component and ensuring that 

the component form supports the manufacturing process selected (Ullman,2010).   

1.2.3.1 Selection Materials and Processes 

According to (Boothroyd et al,2011), The selection of appropiate processes for the 

manufacture of a particular part is based on a matching of the required attributes 

of the part and the various process capabilities. The manufacturing processes and 

materials PRIMA selection matrix is the method of deciding appropiate process to 

produce part based on compatibility between production quantities and material 

types. Alternatively, it can be used as a first level filter since the matrix is aimed 

at focusing attention on those PRIMAs that are most appropriate based on the 

important considerations of materials and production quantities (Swift et al,2013). 

1.2.3.2 Manufacturing Cost (𝑀𝑖) 

According to (Swift et al,2013), cost estimates are needed to determine the 

viability of projects and to minimise project and product costs. It is crucial to 

reject uneconomic designs in the early stages in order to minimise project and 
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product costs.The model is logically based on material volume and processing 

considerations. The process cost is determined using a basic processing cost and 

design dependent relative cost coefficients. Material cost are calculated taking into 

account the transformation of material to yield the final form. Thus, a single 

process model for manufacturing cost, 𝑀𝑖, can be formulated as: 

𝑀𝑖 = 𝑉 . 𝐶𝑚𝑡 +  𝑅𝑐 . 𝑃𝑐                             (9) 

Where 𝑉 is the volume of material required in order to produce the 

component.𝐶𝑚𝑡 is the cost of the material per unit volume in the required form. 𝑃𝑐 

is the basic processing cost for an ideal design of the component by a specific 

process. 𝑅𝑐 is the relative cost coefficient assigned to a component design. 

1.2.3.3 Total Manufacturing Cost (𝑇𝑀𝑖) 

The total manufacturing cost, 𝑇𝑀𝑖, is the total sum of the manufacturing cost per 

component, 𝑀𝑖. Therefore, the total manufacturing cost, 𝑇𝑀𝑖, can be formulated 

as follows: 

𝑇𝑀𝑖 = ∑ 𝑀𝑖
𝑛
𝑖=1 =  𝑀𝑖1 +  𝑀𝑖2 + ………. + 𝑀𝑖𝑛            (10) 

1.2.3.4 Material Cost (𝑀𝑐) 

According to (Swift et al,2013), The material cost, 𝑀𝑐, was defined in equation 

2.11 as the volume raw material required to process the component, multiplied by 

the cost of material per unit volume in the required form, 𝐶𝑚𝑡: 

𝑀𝑐 = 𝑉 . 𝐶𝑚𝑡                             (11) 

The volume may be calculated in one of two ways. The first is by using 

the total volume. If the total volume of material required to produce the 

component is known (i.e. the volume including any processing waste), then this 

value is used for ‘𝑉’ and the waste coeffcient, 𝑊𝑐, is ignored. The second is by 

using the finalvolume. If the amount of waste material is not known, then the final 

component volume may be used. In this case, use the waste coefficient, Wc, which 

takes into account the waste material consumed by a particular process. The 

formulation for ‘𝑉’ for this method is: 
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𝑉 = 𝑉𝑓 .  𝑊𝑐 (12) 

Where 𝑉𝑓 is the finished volume of the component. 

1.2.3.5 Total Material Cost (𝑇𝑀𝑐) 

The total material cost, 𝑇𝑀𝑐, is the total sum of the material cost per component, 

𝑀𝑐. Therefore, the total material cost, 𝑇𝑀𝑐, can be formulated as follows: 

𝑇𝑀𝑐 = ∑ 𝑀𝑐
𝑛
𝑖=1 =  𝑀𝑐1 +  𝑀𝑐2 + ………. + 𝑀𝑐𝑛            (13) 

1.2.3.6 Basic Processing Cost (𝑃𝑐) 

According to (Swift et al,2013), In order to represent the basic processing cost, 𝑃𝑐, 

of an ideal design for a particuler process, it is necessary to identify the factors on 

which it is dependent. These factors are: equipment costs including installation, 

operation costs, processing times, tooling costs, component demand. Those 

factors are taken account of in the calculation of 𝑃𝑐 using the simple equation: 

𝑃𝑐= 𝛼 . 𝑇 +  
𝛽

𝑁
(14) 

Where 𝛼 is the cost of setting up and operating a specific process, 

including plant, labour, supervision and overheads, per second. 𝛽 is a specific 

process total tooling for an ideal design. 𝑇 is the process time in seconds for 

processing an ideal design of component by a specific process. 𝑁 is the total 

production quantity per annum. Values for 𝛼 and 𝛽 are based on expertise from 

companies specializing in producing components in specific technological areas. 

1.2.3.7 Total Basic Processing Cost (𝑇𝑃𝑐) 

The total basic processing cost, 𝑇𝑃𝑐, is the total sum of the basic processing cost 

per component, 𝑃𝑐. Therefore, the total basic processing cost, 𝑇𝑃𝑐, can be 

formulated as follows: 

𝑇𝑃𝑐 = ∑ 𝑃𝑐
𝑛
𝑖=1 =  𝑃𝑐1 +  𝑃𝑐2 + ………. + 𝑃𝑐𝑛 (15) 
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1.2.3.8 Relative Cost Coefficient (𝑅𝑐) 

According to (Swift et al,2013), The relative cost coefficient, 𝑅𝑐, is concerned to 

determine how much more expensive to produce a component with more 

demanding features than the ideal design. Therefore, the relative cost coefficient, 

𝑅𝑐, can be represented by formula:  

𝑅𝑐 = 𝐶𝑚𝑝 . 𝐶𝑐 . 𝐶𝑠 . 𝐶𝑓𝑡 (16) 

Where 𝐶𝑚𝑝 is the relative cost associated with material process suitability. 

𝐶𝑐 is the relative cost associated with producing components of different 

geometrical complexity. 𝐶𝑠 is the relative cost associated with size considerations 

and achieving component section reductions/thickness. 𝐶𝑓𝑡 is the higher of 𝐶𝑓 and  

𝐶𝑡, but not both. In which, 𝐶𝑡 is the relative cost associated with obtaining a 

specified tolerance and 𝐶𝑓 is the relative cost associated with obtaining a specified 

surface finish. 

1.2.3.9 Total Relative Cost Coefficient (𝑇𝑅𝑐) 

The total relative cost coefficient, 𝑇𝑅𝑐, is the total sum of the relative cost 

coefficient per component, 𝑅𝑐. Therefore, the total relative cost, 𝑇𝑅𝑐, can be 

formulated as follows: 

𝑇𝑅𝑐 = ∑ 𝑅𝑐
𝑛
𝑖=1 =  𝑅𝑐1 +  𝑅𝑐2 + ………. + 𝑅𝑐𝑛            (17) 

1.2.3.10 Material to Process Suitability (𝐶𝑚𝑝) 

According to (Swift et al,2013), Material to process suitability, 𝐶𝑚𝑝, means the 

suitability of producing a component using various materials with different 

processes. 

1.2.3.11 Shape Complexity (𝐶𝑐) 

According to (Swift et al,2013), the shape complexity index is obtained by using a 

feature based classififcation system which enables the important design or 

manufacturing issues to be taken into account. 



10 

1.2.3.12 Section Coefficient (𝐶𝑠) 

According to (Swift et al,2013), data required for Section Coefficient,𝐶𝑠, are the 

maximum dimension where the section acts, and the specified section size. 

1.2.3.13 Tolerance (𝐶𝑡) and Surface Finish Coefficients (𝐶𝑓) 

According to (Swift et al,2013),The relative cost consequences of achieving 

specific tolerance and surface finish levels for the various manufacturing 

processes. The lower value of tolerance and surface finish, thus the higher cost.  

2. METHOD

2.1 The Procedures of Redesign Process 

According to (Boothroyd et al,2011), in order to achieve a successful design 

product, there are sequences that have to be followed which are: 

1) Does the part move relative to other parts?

2) Does the part have to be manufactured of a different material to other

parts?

3) Does the part have to be separated to other parts already assembled?

If the answer of those questions is no, thus a design change is need to be 

applied to the design product. On the other hand, following the guidelines of DFA 

and DFM method when redesigning the parts is essential to the designer or 

designer team which have to be considered at early design stage before taking into 

account at the manufacturing process. 

2.2 The Procedures Boothroyd Design for Assembly Manual Analysis 

In order to achieve a successful design product by using DFA manual analysis, 

there are sequences that have to be followed which are: 

1) The product disassemblies is need to be done in order to quantify the

number of components, 𝑁𝑖, and to identify the components whether to be

classified as sub assembly or a component. It can be done by building the

assembly structure diagram.
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2) The product components is need to be identified based on three criterias in

order to keep part count minimum.

3) The Boothroyd classification system is need to be applied. The part

symmetry and the equation 1 are also have to be used. The part thickness

is considered to measure the part.

4) The calculation of operation time 𝑇𝑚𝑎, total assembly time 𝑇𝑇𝑚𝑎,

operation cost𝐶𝑚𝑎, total assembly cost𝑇𝐶𝑚𝑎, design efficiency, actual

improvement and assembly quality𝐷𝑎, is can be done by using equation 2

– 8.

2.3 The Procedures Boothroyd Design for Manufacture Manual Analysis 

In order to achieve a successful design product by using DFM manual analysis, 

there are sequences that have to be followed which are: 

1) The selection of materials and processes is roughly need to be done.

2) The calculation of the material cost, 𝑀𝑐, and total material cost,𝑇𝑀𝑐, is can

be done by using equation 11 – 13. The value of material cost per unit

volume, 𝐶𝑚𝑡, and waste coefficient, 𝑊𝑐, is need to be determined.

3) The calculation of the basic processing cost, 𝑃𝑐, is need to be done. The

total basic processing cost,𝑇𝑃𝑐, is can be determined by using equation 15.

4) The calculation of the relative cost coefficient, 𝑅𝑐, and total relative cost

coefficient, 𝑇𝑅𝑐, is can be done by using equation 16 and 17.

5) The value of shape complexity and relative cost material process

suitability, 𝐶𝑚𝑝, is need to be determined. Both the value of section

coefficient, 𝐶𝑠, and tolerance coefficient, 𝐶𝑡, as well as surface finish

coefficient, 𝐶𝑓, is need to be determined.

6) The calculation of manufacturing cost, 𝑀𝑖, is can be done by using

equation 9.

7) Once the value of manufacturing cost, 𝑀𝑖, per component is can be

calculated thus the total of manufacturing cost, 𝑇𝑀𝑖, also can be calculated

by using equation 10.
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3. RESULT AND DISCUSSION

3.1 The Existing Design Product 

The total number of components,𝑇𝑁𝑖, is 282 which consists of 171 components 

and 111 additional operations. Figure 1 shows the existing design product. 

Figure 1.The existing design product. 

3.2 The First Design Product 

The total number of components,𝑇𝑁𝑖, is 70 which consist of 59 components and 

11 additional operation. Figure 2 shows the first design product. 

Figure 2. The first design product. 
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3.2.1 Design Change 

In order to achieve a successful design product, Design change is need to be done. 

Determining which parts are eliminated or combined to other parts is essential in 

the redesign process.Once the analysis is complete, the appropriate columns can 

be summed. Table 1 shows design change associated time savings and cost 

savings of the first design product. 

Table 1.Design change associated time and cost savings of the first design product. 

No Design Change Items 
Time 

Savings (s) 

Cost 

Savings 

(pence) 

1. Combine main frame 1 001, 

main frame 1 002, main 

frame 3 001, main frame 4 

1, 4, 2, 6, 19, 22, 

40, 43 

65.96 30.34 

2. Combine frame sieving 

drawer, cover frame sieving 

drawer, handle sieving 

drawer 

180, 181, 183 19.60 9.02 

3. Eliminate bolt and nut 

sieving drawer 

184, 185 30.76 14.15 

4. Combine frame collecting 

drawer and cover frame 

collecting drawer, handle 

collecting drawer 

187, 188, 190 19.30 9.02 

5. Eliminate bolt and nut 

collecting drawer 

191, 192 30.76 14.15 

6. Eliminate main frame 6, 

main frame 7, motor fan 

frame 1, motor fan frame 2, 

motor fan, one of nut motor 

fan frame 1, bolt and nut 

motor fan frame 2 

47, 50, 53, 103, 

107, 104, 108, 

111, 113, 114, 

115 

109.67 50.45 

7. Combine main frame 5 and 

main frame 3 002 

96, 99, 26, 29 32.90 15.13 

8. Combine upper casing 

frame 1, main frame 1 001, 

main frame 1 002, upper 

cover 1 

135, 138, 136, 

140, 57, 61, 59, 

63, 168 

76.16 35.03 
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Table 1 (Continued) Design change associated time and cost savings of the first 

design product. 

No Design Change Items 
Time 

Savings (s) 

Cost 

Savings 

(pence) 

9. Combine upper casing 

frame 2, upper casing frame 

3 

143, 145, 147 23.56 10.84 

10. Combine motor blender 

frame 1, motor blender 

frame 2 

151, 155, 152, 

156 

31.50 14.49 

11. Combine upper frame cover 

2, upper cover 3 

176, 177 10.82 4.98 

12. Combine main frame 3 001 33, 36 15.26 7.02 

13. Combine main frame cover 

1, main frame cover 2, main 

frame cover 3 

66, 76, 230, 86 32.45 14.93 

14. Eliminate bolt and nut main 

frame cover 2 

231, 232 61.52 28.30 

15. Eliminate caster wheel, bolt 

and nut caster wheel, 

bracket, bushing caster 

wheel, bushing bracket, bolt 

and nut bracket 

194, 203, 212, 

221, 197, 198, 

206, 207, 215, 

216, 224, 225, 

195, 204, 213, 

222, 196, 205, 

214, 223, 199, 

208, 217, 226, 

200, 201, 209, 

210, 218, 219, 

227, 228 

241.88 111.26 

16. Eliminate cage frame 1, 

cage frame 2, cage frame 3 

120, 121, 123, 

125, 127, 129 

45.09 20.74 

17. Eliminate screw fastening 

operation 

118 5.00 2.30 

18. Eliminate reorientation 

operation 

75, 85, 95, 102, 

106, 110, 116, 

119, 134, 150, 

154, 158, 164, 

167, 175, 179, 

186, 193, 202 

198.00 91.08 
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Table 1 (Continued) Design change associated time and cost savings of the first 

design product. 

No Design Change Items 
Time Saving 

(s) 

Cost Saving 

(pence) 

18. Eliminate reorientation 

operation 

211, 220, 229 198.00 91.08 

19. Eliminate welding operation 3, 5, 7, 8, 11, 13, 

15, 17, 20, 21, 23, 

24, 27, 28, 30, 31, 

34, 35, 37, 38, 41, 

42, 44, 45, 48, 49, 

51, 52, 54, 55, 58, 

60, 62, 64, 105, 

109, 122, 124, 

126, 128, 130, 

137, 139, 141, 

142, 144, 146, 

148, 149, 153, 

157, 172, 174, 

178, 182, 189 

672.00 309.12 

20. Eliminate riveting operation 67, 68, 69, 70, 71, 

72, 73, 74, 77, 78, 

79, 80, 81, 82, 83, 

84, 87, 88, 89, 90, 

91, 92, 93, 94 

168.00 77.28 

3.3 The Second Design Product 

The total number of components,𝑇𝑁𝑖, is 18 which consist of 16 components and 2 

additional operation. Figure 3 shows the second design product. 

Figure 3. The second design product. 
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3.3.1 Design Change 

In order to achieve a successful design product, Design change is need to be done. 

Determining which parts are eliminated or combined to other parts is essential in 

the redesign process.Once the analysis is complete, the appropriate columns can 

be summed. Table 2 shows design change associated time and cost savings of the 

second design product. 

Table 2 Design change associated time and cost savings of the second design 

product. 

No Design Change Items 

Time 

Savings 

(s) 

Cost 

Savings 

(pence) 

1. Eliminate main base 1, main 

base 3 

1, 34 6.45 2.97 

2. Eliminate main base 4 001, 

main base 4 002, screw bolt 

main base 4 001, screw bolt 

main base 4 002 

5, 6, 7, 8, 10, 

11, 12, 13, 15, 

16, 17, 18, 20, 

21, 22, 23 

87.60 40.30 

3. Eliminate bolt main base 3, nut 

main base 3 

35, 36 124.84 56.05 

4. Combine motor base 1, motor 

base 2 

25, 26 6.00 2.76 

5. Eliminate screw bolt motor base 

2 

27 31.20 14.35 

6. Eliminate bolt cutting blade, nut 

cutting blade 

42, 43 14.63 6.73 

7. Combine channel, main base 2 45, 2 6.95 3.20 

8. Combine cover 1, cover 2, 

cover 5 

48, 49, 47 10.00 4.60 

9. Eliminate reorientation 

operation 

14, 19, 24, 28, 

31, 33, 37, 39, 

44 

81.00 37.26 
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3.4 DFA Analysis Result of the Existing, First, and Second Design Products 

Boothroyd DFA analysis has been applied to the existing, first, and second 

products design. Boothroyd DFA analysis results of the existing products design 

shows the total number of parts,𝑇𝑁𝑖, is 282, the total assembly time, 𝑇𝑇𝑚𝑎, is 

2426.37 second, the total assembly cost, 𝑇𝐶𝑚𝑎, is 1116.13 pence, the design 

efficiency is 80.85%, and the assembly quality, 𝐷𝑎, is 14.62%. Boothroyd DFA 

analysis results of the first products design shows the total number of parts,𝑇𝑁𝑖, is 

70, the total assembly time, 𝑇𝑇𝑚𝑎, is 439.62 second, the total assembly cost, 

𝑇𝐶𝑚𝑎, is 202.23 pence, the design efficiency is 80.00%, the actual improvement is 

75.18%, and the assembly quality, 𝐷𝑎, is 2.27%. Boothroyd DFA analysis results 

of the second products design shows the total number of parts,𝑇𝑁𝑖, is 18, the total 

assembly time, 𝑇𝑇𝑚𝑎, is 98.70 second, the total assembly cost , 𝑇𝐶𝑚𝑎, is 45.40 

pence, the design efficiency is 22.22%, the actual improvement is 93.62%, and the 

assembly quality, 𝐷𝑎, is 0.45%. Based on Boothroyd DFA analysis result clearly 

shows that the reduced parts resulting low total assembly time,𝑇𝑇𝑚𝑎, and 

cost,𝑇𝐶𝑚𝑎. On the other hand, the reduced parts offer high design efficiency and

assembly quality,𝐷𝑎, which indicate that the parts are easy to assemble without 

neglecting the quality. Table 3 shows DFA analysis result of the existing, first, 

and second design products. 

Table 3 DFA analysis result of the existing, first, and second design products. 

ProductDesi

gn 

Total 

Number 

of 

Parts(

𝑻𝑵𝒊)

Total 

Assembly 

Time(

𝑻𝑻𝒎𝒂) (s)

Total 

Assembly 

Cost(

𝑻𝑪𝒎𝒂)

(pence) 

Design 

Efficien

cy 

Actual 

Improvem

ent 

Assemb

ly 

Quality 

(𝑫𝒂)

Existing 
282 2426.37 1116.13 80.85 % 

- 
14.62 % 

First 70 439.62 202.23 80.00 % 75.18 % 2.27 % 

Second 18 98.70 45.40 22.22 % 93.62 % 0.45 % 
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3.5 DFM Analysis Result of the Existing, First, and Second Design Products 

DFM analysis has been applied to the existing, first, and second design products. 

The product quantity of the existing, first, and second design products are 10,000. 

DFM analysis result of the existing design product shows the total material cost, 

𝑇𝑀𝑐, is 8881.33 pence, the total basic processing cost, 𝑇𝑃𝑐, is 406.40 pence, and 

the total relative cost coefficient , 𝑇𝑅𝑐, is 291.89. The total manufacturing cost, 

𝑇𝑀𝑖, of the existing design product is 12189.96 pence. DFM analysis result of the 

first design product shows the total material cost, 𝑇𝑀𝑐, is 3777.60 pence, the total 

basic processing cost, 𝑇𝑃𝑐, is 205.40 pence, and the total relative cost coefficient, 

𝑇𝑅𝑐, is 299.72. The total manufacturing cost, 𝑇𝑀𝑖, of the first design product is 

6664.62 pence. DFM analysis result of the second design product shows the total 

material cost, 𝑇𝑀𝑐, is 630.53 pence, the total basic processing cost, 𝑇𝑃𝑐, is 121.40 

pence, and the total relative coefficient, 𝑇𝑅𝑐, is 134.56. The total manufacturing 

cost, 𝑇𝑀𝑖, of the second design product is 2478.07 pence. Based on Boothroyd 

DFM analysis result clearly shows that there is a correlation between DFA and 

DFM. Once the unnecessary part is reduced by using DFA method, thus the total 

material cost, 𝑇𝑀𝑐, the total basic processing cost, 𝑇𝑃𝑐, the total relative cost 

coefficient, 𝑇𝑅𝑐, and finally the total manufacturing cost, 𝑇𝑀𝑖, also can be 

reduced.Table 4 shows DFM analysis result of the existing, first, and second 

design products. 

Table 4 DFM analysis result of the existing, first, and second design products. 

Design 

Product 

Product 

Quantity 

Total 

Material 

Cost 

(𝑻𝑴𝒄)

(pence) 

Total Basic 

Processing 

Cost (𝑻𝑷𝒄)

(pence) 

Total 

Relative 

Cost 

Coefficient 

(𝑻𝑹𝒄)

(pence) 

Total 

Manufacturing 

Cost (𝑻𝑴𝒊)

(pence) 

Existing 10,000 8881.33 406.40 291.89 12189.96 

First 10,000 3777.60 205.40 299.72 6664.62 

Second 10,000 630.53 121.40 134.56 2478.07 
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3.6Electric Motor Analysis 

Since a motor fan of the existing design product is eliminated, thus providing 

analysis for the electric motor is required in order to verify whether the installed 

electric motor can be well operated and meet the requirements. Considering the 

carried load by the electric motor on full condition at starting torque of the electric 

motor as follows: mass of chili, 𝑀𝑚𝑐, mass of cutting blade, 𝑀𝑐𝑏, mass of shaft 

rotator, 𝑀𝑟𝑜, and mass of fan blade, 𝑀𝑓𝑏. Consider a safety factor is 1, g is 9.81 

m/s2.

 𝐹𝑎𝑝𝑙 = ( 𝑀𝑚𝑐 +  𝑀𝑐𝑏 +  𝑀𝑟𝑜 +  𝑀𝑓𝑏 ) . g

 𝐹𝑎𝑝𝑙 = ( 1 +  0.080 +  0.032 +  0.023 ) . 9.81

 𝐹𝑎𝑝𝑙 = 11.134 N

 𝐹𝑢𝑙𝑡 =  1 . 𝐹𝑎𝑝𝑙

 𝐹𝑢𝑙𝑡 =  1 . 11.134
 𝐹𝑢𝑙𝑡 =  11.134 N

 𝑇 =  𝐹𝑢𝑙𝑡 . 𝑅𝑐𝑏

 𝑇 =  11.134 . 0.052
 𝑇 =  0.58Nm

If the installed electric motor is 3 phase Quattro pole AC motor with 1.43 𝐻𝑃, 

therefore the torque, 𝑇, is need to re-calculate:  

 𝑇 =
𝑃 (𝐻𝑃) .  5252

𝑁

 𝑇 =
1.43 .  5252

11720

 𝑇 =  0.64 𝑁𝑚

Since the torque, 𝑇, of installed electric motor is 0.64Nm which is higher than 

0.58 Nm. Therefore, theoretically it is save and well operated. 

3.7 Product Analysis and Simulation 

Based on product analysis and simulation test by using Solidworks software, the 

minimum stress of the second design of dried chili seeds separator machine is 

1.367e+003 N/m2 and the maximum stress is 2.562e+006N/m2. Table 5shows
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stress analysis and simulation result of the second design of dried chili seeds 

separator machine. 

Table 5 Stress analysis and simulation result of the second design product. 

Name Type Min Max 

Stress 
VON: von 

Mises Stress 

1.367e+003N/m^2 

Node: 31290 

2.562e+006N/m^2 

Node: 26436 

The second design of dried chili seeds separator simulation static - stress 

The minimum strain of the second design of dried chili seeds separator 

machine is 5.609e-007 and the maximum strain is 1.051e-003. Table 6shows 

strain analysis and simulation result of the second design of dried chili seeds 

separator machine. 

The minimum factor of safety of the second design of dried chili seeds 

separator machine is 1.859e+001 and the maximum factor of safety is 

3.483e+004. Table 4.7 shows Factor of safety analysis and simulation result of the 

second design of dried chili seeds separator machine.Based on this table 7, if the 

value of FOS is less than one, it will be represented by red colour which indicates 

the material on that area is fail. If the value of FOS is one, it will be represented 
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by other colours which indicates the material on that area is start to fail. If the 

value of FOS is up to one, it will be represented by blue colour which indicates 

the material on that area is save. 

Table 6 Strain analysis and simulation result of the second design product. 

Name Type Min Max 

Strain ESTRN: Equivalent Strain 
5.609e-007 

Node: 31290 

1.051e-003 

Node: 26436 

The second design of dried chili seeds separator simulation static - strain 

Since the value of FOS of the second design of dried chili seeds separator 

machine is up to one and showing blue colour, therefore it can be concluded that 

the second design of dried chili seed separator machine is save and well operated.   

Table 7 Factor of safety analysis and simulation result of the second design 

product. 

Name Type Min Max 

Factor of Safety Automatic 
1.859e+001 

Node: 26436 

3.483e+004 

Node: 31290 
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Table 7 (Continued) Factor of safety analysis and simulation result of the 

second design product. 

The second design of dried chili seeds separator machine simulation static factor of 

safety 

4. CLOSING

4.1 Conclusion 

DFMA methodology was applied successfully on existing dried chili seeds 

separator machine.DFMA methodology provides the potential to reduce the total 

number of parts,𝑇𝑁𝑖, total assembly time,𝑇𝑇𝑚𝑎, and total assembly cost,𝑇𝐶𝑚𝑎, 

assembly quality,𝐷𝑎, design efficiency, and total material cost,𝑇𝑀𝑐, total basic 

processing cost,𝑇𝑃𝑐, total relative cost coefficient,𝑇𝑅𝑐, total manufacturing 

cost,𝑇𝑀𝑖,of the existing dried chili seeds separator machine. Based on DFA and 

DFM analysis results, the second design product is the best concept of new design 

product in terms of the total number of parts,𝑇𝑁𝑖, total assembly time,𝑇𝑇𝑚𝑎, and 

total assembly cost,𝑇𝐶𝑚𝑎, assembly quality,𝐷𝑎, design efficiency, and total 

material cost,𝑇𝑀𝑐, total basic processing cost,𝑇𝑃𝑐, total relative cost 

coefficient,𝑇𝑅𝑐, total manufacturing cost,𝑇𝑀𝑖. The objectiveswere ensured with 

the most promising quality, time, cost, and customer satisfaction. In this final 

project results, it can be concluded that: 
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1) Based on DFA analysis result, the existing product design of dried chili

seeds separator machine was improved resulting a reduction of 93.62% in

total number of parts, 𝑇𝑁𝑖. The total assembly time,𝑇𝑇𝑚𝑎, was reduced by

95.93%. The total assembly cost,𝑇𝐶𝑚𝑎, was reduced by 95.88%. The

design efficiency was improved from 80.85% to 22.22%, a reduction of

93.62%. The assembly quality,𝐷𝑎, was improved, from 14.62% to 0.45%.

2) Based on DFM analysis result, the total material cost,𝑇𝑀𝑐, was reduced,

from 8881.33 to 630.53 pence, a reduction of 92.90%. The basic processing

cost,𝑇𝑃𝑐, was reduced from 406.40 to 121.40 pence, a reduction of 70.13%. The

relative cost coefficient,𝑇𝑅𝑐, was reduced from 291.89 to 134.56 pence, a

reduction of 53.90%. The total manufacturing cost,𝑇𝑀𝑖, was reduced by

85.06%, from 12189.63 to 2478.07pence

3) Based on electric motor analysis result, the torque, 𝑇, of installed motor is

0.64 Nm which is higher than the torque, 𝑇, of required motor is 0.58 Nm.

Therefore, theoretically it is save and can be well operated.

4) Based on product analysis and simulation result,the minimum stress is

1.367e+003 N/m2 and the maximum stress is 2.562e+006 N/m2. The

minimum strain is 5.609e-007 and the maximum strain is 1.051e-003. The

minimum factor of safety is 1.859e+001 and the maximum factor of safety

is 3.483e+004. Since the value of FOS is up to one and showing blue

color, therefore it can be concluded that the second design product is save

and can be well operated.

4.2 Recommendation 

In this final project, the study is focused more on implementation of 

DFMAmethodology, and finally resulting with a new design of dried chili seeds 

separator machine.Actually, Even though DFMA methodology has been applied 

to the existing dried chili seeds separator machine and resulting with a new design 

product, there is a lot of improvement that need to be done for the future works. 

Therefore, there are some recommendations that can be applied for future works 

as follows: 
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1) Morphological chart can be used to identify the alternative mechanism and

operation of dried chili seeds separator machine.

2) For students who use DFMA methodology, they should have cooperation

with industry in order to learn more knowledge, information, and the

technical requirements regarding DFMA implementation.

3) Qualitative method can be used to select the best material of dried chili

seeds separator machine.

4) Production time, Production rate per time, and efficiency of separating

seeds is need to be analyzed in order to ensure the customer that the

product is can be used to separate seeds.
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