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Syllabus 

Product design for manual assembly, Design guidelines for metallic and non-metallic products to be 

manufactured by different processes such as casting, machining, injection molding etc. 

 

DFMA 

We have seen different terms related to the course on product design and development. Very briefly we have touched 

terms like value engineering, FAST diagramming approach, reverse engineering, concurrent engineering, computer 

aided design, quality function deployment, then we have seen design for manufacturing, design for assembly and now 

we are focusing our attention on design for manufacturing and assembly guidelines. 

Now, all these tools and techniques will come handy when a designer will start to conceptualize a product and then he 

will take the product through the various stages and finally, we lead to the development of a prototype of that product.  

Design for Manufacturing (DFM) and design for assembly (DFA) are the integration of product design and process 

planning into one common activity. 

So, our focus is to help the designer and each at each and every stage that when he is taking the input from the 

customers that what the customers want, what tool he can use. For example, he can use the quality function deployment 

there and take the input from the customers as the voice of customers and then give the relative weightage to the voice 

or to this individual input from the customer and then try to relate this requirements with the technical specifications 

of the product. 

So, right from the conceptualization to the different stages or through the different stages we have seen that what 

tools are helpful for the product designer. For example, computer aided design is also a tool which is helpful for almost 

all product designers. We have also listed the types of software that can be used, then we have seen that when he has 

to design a product he should take into account the manufacturing and the assembly guidelines also. Why? Because 

when the product will go to actual manufacturing the manufacturing you can see facility or the people at the 

manufacturing facility should not feel that the design is not adequate and it cannot be manufactured or the feasibility 

or manufacturing feasibility of the product is questionable. We have seen with the help of examples that DFM and DFA 

guidelines are really important and should be known to each and every designer. Similarly we have seen that we have 

to ensure that the product design is a robust design and the design is insensitive to the variations in the noise factors. 

Also we have seen that how principles of ergonomics can be helpful for the product design process and how a human 

being interacts with a product and how we need to ensure that the product delivers to the customer for what he is 

buying that product or the function for which the customer is buying that product. So, we have learnt in totality the 

tools and techniques which are helpful for the product to be designed successfully and the product to be 

manufactured successfully and the product to be used successfully. So, we have tried to learn different techniques. 

Now, what is DFMA? DFMA is a design review method, yes there can be one design now that design has to be 

reviewed from the DFMA guidelines perspective. Now perspective we can have a standard set of guidelines and we 

can check our designs based on these guidelines that whether this design is satisfying these guidelines or not. If it is 

satisfying we can send the design for prototyping, but if certain modifications can be done in the product design based 

on the DFMA guideline there and then we will redesign it so that at a later stage it is easy, not only easy to 

manufacture, but it is also easy to assemble the various parts together. Now, we will try to understand; what are the 

most fundamental DFMA guidelines which every product designer should keep in mind while he is designing a 

product. Now, DFMA will help us to review over product design it will identify the optimal part design. So, for 

individual part we will see that what are the guidelines and how the part design should be there, what should be the 
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choice for material. It will also identify assembly and fabrication or manufacturing operations to produce an efficient 

and cost effective product.  

So, it will focus on assembly also, it will focus on the manufacturing operations also with an objective to make an 

efficient and cost effective product.  

So, efficient can be in terms of time also, that we are able to produce more number of products in a less time interval.  

So, it can be efficient. It can be efficient use of materials also, it can be efficient use of the manpower also and a 

product if you use your man power, your material, your infrastructure judiciously and efficiently automatically the 

product will become cost effective.  

So, the major focus is on assembly and manufacturing operations.  

So, that we are able to launch a competitive product in the market.  

So, overall DFMA will try to review the design in light of the guidelines so that you can have an optimal part design 

which is not only easy to manufacture, but also easy to assemble.  

 

Looks Good!   Yes….? 
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Now, lets see the same function performed by another design- 

 

What’s the difference? 
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(Following Information is taken from Computer-Aided Manufacturing, Second Edition, Tien-Chien chang, Richard A Wysk, and Hsu-

Pin Wang. Pages 596 to 598. Prentice Hall 1998.) 

Design for Manufacturing and Assembly- Guidelines 

Design for Manufacturing (DFM) and design for assembly (DFA) are the integration of product design and 

process planning into one common activity. The goal is to design a product that is easily and economically 

manufactured. The importance of designing for manufacturing is underlined by the fact that about 70% of 

manufacturing costs of a product (cost of materials, processing, and assembly) are determined by design 

decisions, with production decisions (such as process planning or machine tool selection) responsible for only 

20%. 

The heart of any design for manufacturing system is a group of design principles or guidelines that are 

structured to help the designer reduce the cost and difficulty of manufacturing an item. The following is a 

listing of these rules. 
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1. Reduce the total number of parts. The reduction of the number of parts in a product is probably the best 

opportunity for reducing manufacturing costs. Less parts implies less purchases, inventory, handling, 

processing time, development time, equipment, engineering time, assembly difficulty, service inspection, 

testing, etc. In general, it reduces the level of intensity of all activities related to the product during its 

entire life. A part that does not need to have relative motion with respect to other parts, does not have to 

be made of a different material, or that would make the assembly or service of other parts extremely 

difficult or impossible, is an excellent target for elimination. Some approaches to part-count reduction are 

based on the use of one-piece structures and selection of manufacturing processes such as injection 

molding, extrusion, precision castings, and powder metallurgy, among others. 

2. Develop a modular design. The use of modules in product design simplifies manufacturing activities such 

as inspection, testing, assembly, purchasing, redesign, maintenance, service, and so on. One reason is that 

modules add versatility to product update in the redesign process, help run tests before the final assembly 

is put together, and allow the use of standard components to minimize product variations. However, the 

connection can be a limiting factor when applying this rule.  

3. Use of standard components. Standard components are less expensive than custom-made items. The high 

availability of these components reduces product lead times. Also, their reliability factors are well 

ascertained. Furthermore, the use of standard components refers to the production pressure to the 

supplier, relieving in part the manufacture’s concern of meeting production schedules.  

4. Design parts to be multi-functional. Multi-functional parts reduce the total number of parts in a design, 

thus, obtaining the benefits given in rule 1. Some examples are a part to act as both an electric conductor 

and as a structural member, or as a heat dissipating element and as a structural member. Also, there can 

be elements that besides their principal function have guiding, aligning, or self-fixturing features to 

facilitate assembly, and/or reflective surfaces to facilitate inspection, etc.  

5. Design parts for multi-use. In a manufacturing firm, different products can share parts that have been 

designed for multi-use. These parts can have the same or different functions when used in different 

products. In order to do this, it is necessary to identify the parts that are suitable for multi-use. For 

example, all the parts used in the firm (purchased or made) can be sorted into two groups: the first 

containing all the parts that are used commonly in all products. Then, part families are created by defining 

categories of similar parts in each group. The goal is to minimize the number of categories, the variations 

within the categories, and the number of design features within each variation. The result is a set of 

standard part families from which multi-use parts are created. After organizing all the parts into part 

families, the manufacturing processes are standardized for each part family. The production of a specific 

part belonging to a given part family would follow the manufacturing routing that has been setup for its 

family, skipping the operations that are not required for it. Furthermore, in design changes to existing 

products and especially in new product designs, the standard multi-use components should be used.  

6. Design for ease of fabrication. Select the optimum combination between the material and fabrication 

process to minimize the overall manufacturing cost. In general, final operations such as painting, polishing, 

finish machining, etc. should be avoided. Excessive tolerance, surface-finish requirement, and so on are 

commonly found problems that result in higher than necessary production cost. 

7. Avoid separate fasteners. The use of fasteners increases the cost of manufacturing a part due to the 

handling and feeding operations that have to be performed. Besides the high cost of the equipment 
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required for them, these operations are not 100% successful, so they contribute to reducing the overall 

manufacturing efficiency. In general, fasteners should be avoided and replaced, for example, by using tabs 

or snap fits. If fasteners have to be used, then some guides should be followed for selecting them. Minimize 

the number, size, and variation used; also, utilize standard components whenever possible. Avoid screws 

that are too long, or too short, separate washers, tapped holes, and round heads and flatheads (not good 

for vacuum pickup). Self-tapping and chamfered screws are preferred because they improve placement 

success. Screws with vertical side heads should be selected vacuum pickup. 

8. Minimize assembly directions. All parts should be assembled from one direction. If possible, the best way 

to add parts is from above, in a vertical direction, parallel to the gravitational direction (downward). In this 

way, the effects of gravity help the assembly process, contrary to having to compensate for its effect when 

other directions are chosen. 

9. Maximize compliance. Errors can occur during insertion operations due to variations in part dimensions 

or on the accuracy of the positioning device used. This faulty behavior can cause damage to the part and/or 

to the equipment. For this reason, it is necessary to include compliance in the part design and in the 

assembly process. Examples of part built-in compliance features include tapers or chamfers and moderate 

radius sizes to facilitate insertion, and nonfunctional external elements to help detect hidden features. For 

the assembly process, selection of a rigid-base part, tactile sensing capabilities, and vision systems are 

example of compliance. A simple solution is to use high-quality parts with designed-in-compliance, a rigid-

base part, and selective compliance in the assembly tool.  

10.  Minimize handling. Handling consists of positioning, orienting, and fixing a part or component. To 

facilitate orientation, symmetrical parts should be used whenever possible. If it is not possible, then the 

asymmetry must be exaggerated to avoid failures. Use external guiding features to help the orientation of 

a part. The subsequent operations should be designed so that the orientation of the part is maintained. 

Also, magazines, tube feeders, part strips, and so on, should be used to keep this orientation between 

operations. Avoid using flexible parts - use slave circuit boards instead. If cables have to be used, then 

include a dummy connector to plug the cable (robotic assembly) so that it can be located easily. When 

designing the product, try to minimize the flow of material waste, parts, and so on, in the manufacturing 

operation; also, take packaging into account, select appropriate and safe packaging for the product.  
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In order to attack the basic cost of a product, we need to understand its cost components. The unit 

manufacturing cost of a product consists of costs in three categories: 

 

1. Component costs: The components of a product (also simply called parts of the product) may include 

standard parts purchased from suppliers. Examples of standard components include motors, switches, 

electronic chips, and screws. Other components are custom parts, made according to the manufacturer’s 
design from raw materials, such as sheet steel, plastic pellets, or aluminum bars. Some custom components 

are made in the manufacturer’s own plant, while others may be produced by suppliers according to the 

manufacturer’s design specifications. 

 
Elements of the manufacturing cost of a product. 

2. Assembly costs: Discrete goods are generally assembled from parts. The process of assembling almost 

always incurs labor costs and may also incur costs for equipment and tooling. 

 

3. Overhead costs: Overhead is the category used to encompass all of the other costs. We find it useful to 

distinguish between two types of overhead: support costs and other indirect allocations. Support costs are the 

costs associated with materials handling, quality assurance, purchasing, shipping, receiving, facilities, and 

equipment/tooling maintenance (among others). These are the support systems required to manufacture the 

product, and these costs do greatly depend upon the product design. Nevertheless, because these costs are 

often shared by more than one product line, they are lumped together in the category of overhead. Indirect 

allocations are the costs of manufacturing that cannot be directly linked to a particular product but that must 

be paid for to be in business. For example, the salary of the security guard and the cost of maintenance to the 

building and grounds are indirect costs because these activities are shared among several different products 

and are difficult to allocate directly to a specific product. Because indirect costs are not specifically linked to 

the design of the product, they are not relevant to DFM, even though they do contribute to the cost of the 

product. 
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Design for Manufacturing & Assembly Process 

Step 1: Estimate the Manufacturing Costs 

Step 2: Reduce the Costs of Components 

 Understand the Process Constraints and Cost Drivers 

 Redesign Components to Eliminate Processing Steps 

 Choose the Appropriate Economic Scale for the Part Process 

 Standardize Components and Processes 

 Adhere to “Black Box” Component Procurement 

Step 3: Reduce the Costs of Assembly 

 Keeping Score 

Boothroyd and Dewhurst (1989) advocate maintaining an ongoing estimate of the cost of assembly. In addition to this 

absolute score, they propose the concept of assembly efficiency. This is measured as an index that is the ratio of the 

theoretical minimum assembly time to an estimate of the actual assembly time for the product. This concept is useful in 

developing an intuition for what drives the cost of assembly. The expression for the DFA index is- 

 
DFA index = (Theoretical minimum number of parts) X (3 seconds) 

       Estimated total assembly time 

 Integrate Parts 

 Maximize Ease of Assembly 

 Consider Customer Assembly 

Step 4: Reduce the Costs of Supporting Production 

 Minimize Systemic Complexity 

 Error Proofing 

Step 5: Consider the Impact of DFM Decisions on Other Factors 
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 The Impact of DFM on Development Time 

 The Impact of DFM on Development Cost 

 The Impact of DFM on Product Quality 

 The Impact of DFM on External Factors 

 

Examples- 
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*** 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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