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According to William Tsutsui, a Japanese engineer, the manufacturing processes of productivity in the twentieth- century can vary in what way they are used and often can be develop when a country has been under any national disaster. For example, the DFMA which refers to design for manufacturing and assembly of product. This approach places emphasis on ease of manufacturing and design shape, also focuses on efficiency of the assembly, simplifying the design shape and making it easy to manufacture. For instance, how assembling it will be more successful  in terms of fitting product together; and efficiency of the time taking to produce each product, which focuses in on lower cost and reduce lead time (William M, 1998).
The DFMA method has been active more than 20 years since it was first developed and it is used widely in the industry of USA and UK  (Designing Buildings Ltd, 2020). The availability of this method of application reflects a huge revolution in the product design firms and breaks down all the obstacles between the design and manufacture, which helps the improvement of simultaneous engineering or concurrent challenges (Designing Buildings Ltd, 2020).
This project’s aims and objectives are to provide reduce the number of components and choose good, low cost quality materials to aid with assembling and easy manufacturing process, and final to insure maintainability. It contains a lot of methodologies and analytical tools that lead manufacturing engineers and designers to forecast the manufacturing and assembly time and cost. For example, DFMA provides important data that is used to predict manufacturing cost and by limiting the range of processes and materials the engineer uses it can make time or quotes estimates for realistic components and assemblies (Karl T.ulrich . Steven D, 2012). 
Overall, the project is suitable to show modification of the product design, manufacture and assembly stages. Then will focus on analysing factors relevant for design such as re-use, maintainability, reliability, recycling, sustainability, and recyclability; finally to determine perfection in design features and overall advantages (VIVIEN WALSH, 1992) (Pugh, 1991) (Geoffrey, 1994).
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This project contains a summary of information about designing for different purposes, such as Design for Manufacturing (DFM), Designing for assembly; designing for recyclability and the environment or just design for sustainability. The assumption is the strategy used for the two expressions of manufacture refers to the manufacturing of single parts of the product also assembly which refers to assembling fixtures or adds some parts to each other or when joining of components to specifically form the finished product.
Design for manufacturing is a general Engineering performance and practices of establishing and designing items in a specific way that makes it easy for manufacturing processes and operations, DFM principles and guidelines support manufacturing inspections and checks referred to DFMA, Besides, it will emphasize design conditions for recyclability which include life cycle cost, repair or reuse and cost of the materials that is easy for that purpose.
manufacturing problems must be considered which the publicly recommended or support for many years. The principle idea is to let the engineers take work placement periods in shops to gain experiences that help to avoid unnecessary manufacturing costs during the design process, it is important to achieve a good level at Design for X which refers to design for manufacturing, assembly, maintainability, reliability, serviceability, environment and life cycle cost (O.Molly, 1998), (G.Bralla, 1999).
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Aimed to reduce the concerned minimize of component production costs, Avoid complexity of manufacturing processes.  At tis stage will look precisely at the current design manufacturing process throughout the body structure conditions, then will decide the method of manufacturing such as:
1. Casting.           2. Moulding     3. Forming.     4.Machining.   5. Joining.
                                                     (G.Bralla, 1999)
DFM considerations
1. Designing or manufacturing a product relies on facilitating manufacturing operations. 
2. The engineer should focus on the type or form of the raw material and quality of it.
3. Satisfy all needs to reduce the manufacturing process and costs.
4.  Perfections of all manufacturing processes, assembly, checks, delivery, transportation, repair and all types of services.
5. Finally, approach the good level of best cost, reliability, high quality, short manufacturing and assembling time; then onto market, safety and regulatory compliance (B.Hawkes/R.Abinett, 1992).
Designing Rules
1. First simplify the design, minimize the number of components needed by combining parts.
2. Low labour and cost processes are required as possible; for instance, a punch press pierced hole is quicker than a hole by drill machine, which means reduced manufacturing time.
3. Minimize generalized statements on design drawings such as polish this area or this side to prevent the complexity of the manufacturing personnel.
4. Tolerances and dimensions should be clearly appointed from one point to another which helps to not repeat tooling or measuring mistakes.
5. Use generous radii and fillets and do not left sharp corners without appropriate treatments (G.Bralla, 1999).
  
2.Design for Assembly.
James G.Bralla, declares that the benefits with design for manufacturing come from design for assembly because if designers simplify the product it will be produced faster and easier in assembling time. In addition, design for assembly creates huge differences in recycling that depends on the materials; always simpler assemblies can exist in markets sooner due to fewer components to design, inspection time, procure and less stock (G.Bralla, 1999). 
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1. Reduce the number of components which reflects in the development of an assembly performance.
2. Combining parts by using crimped section or bent tabs better than using fasteners to hold different components together.
3. Use self-tapping screws, which are better than using nuts or threaded holes in mating components, which in turn reduces machining costs and processes.
4. For product identification use moulded-in or cast instead of sticker labels attached is permanent not effected by weather factors.
5. Orderliness the assembling line and create several assembly station, which must own perfection layout to do so.
6. Avoid too many levels of subassembly which finally cause extra inventory in future (news.ewmfg.com, 2020) (G.Bralla, 1999).  
DFA aims 
Design for Assembly is aiming to reduce the production assembly costs by minimizing the number of assembly processes and reduce the number of components that tend to be hard and complex in the total design (news.ewmfg.com, 2020).
3.Design for Recyclability.
At this stage it will analyse the way to reduce the parts through design to increase speed of disassembly processes of electronics and recyclability products. The main aim is to remanufacture reused electronic materials, develop modular design, create fastener standardization, product recovery, environment pressure to guide the manufacturers to improve their machines designed for disassembly and finally recyclable material wholesalers successfully (Doug, 2011).
[image: ]
   Figure (1)                                                                                  (A. Kriwet, 1995)
The figure (1) shows the end of life stage for the product recycling which shows the network of recycling contains such as designers, suppliers, consumers and recyclers all together are working as one part (A. Kriwet, 1995).

                      Recyclability Considerations
1. Ecological orientation must be applied in whole production life cycle, marketing and recycling which means it is friendly to the environment.
2. Manufacturers must consider all different systems during designing the product, which means emphasis at the production process on usage; what it is maintenance, support, utilities, capabilities, functioning properly and ease to recycling.
3. Recycling options which will deal with the product after usage must use advanced equipment without any sort of harm for human or the environment.
4. Recycling system includes lifecycles and needs three important stages for instance product, processes needs to function and logistic support.
5. Monitoring three important life cycle functions such as acquisition, utilization and recycling stages (A. Kriwet, 1995).
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This stage will analyse and evaluate all measurements of the drill components throughout by adding and modifying all parts and for further adaptation, we will use some GD geometric tolerances, which means emphasis at all shafts, and circles movements. Some important rules will be considered to calculate this tolerance by using suitable theories for each case.
Drill press assembly
[image: ]
Figure (2) 
The figure represents the drill press assembly without any modifications, which are required to be applied in different parts of it.

1. Modifications the Drill parts 
A. Drill press Base
Increase thickness and Increase durability 
[image: ]
Figure (3)
The manufacturing process of the drill press base will be in the casting method, the chosen material is zinc Alloys 7, the cycle time of casting is 15 sec, the amount of material waste just 5.0%, the total cost for one part equal to 20,26USD, the reason to increase the thickness of the drill base press unit is to increase its rigidity and quality.[image: ]
Figure (4)
The figure represents the sharp corners which modified by fillet edges method for more flexibility and less injuries.

 B. Drill press main sliding unit
[image: ]
Figure (5)
The figure represents mass reduction occurs on the top of the part to make it easier to move up and down during the drilling machine time, Also, Modification it will processing change it technique to move up and down by transmitted gears, the manufacturing process it will be machining due to its important tolerances and dimensions, material will be plain carbon steel, material cost 1.41 USD per each part, weight 16,31 IB, total cost per part is 8.04USD, the process to assembly use screws and bolts to fit the drill machine in the drill machine location.



C. Drill Press Lever Arm
[image: ]
Figure (6)
The manufacturing process at this part throughout the machining process, the assembly way by using two rivets which are connected with the other part in the same drill press lever arm, the suggestion at this part is replaced with internal gear transmitted with outer handwheel the next figure will explain that.
[image: ]
Figure (7)
Manufacturing process it will be machining, chosen material it will be plain carbon steel,1.41 material cost, total price per part is equal to 24.07 US dollars, the assembly process is by use some lubrication between the shaft threads and the main sliding part, also will use two pins to prevent the handwheel to loss from gear shaft.

D. Drill press guide shaft
[image: ]
Figure (8)
The figure represents modification in the drill press guide shaft due to the friction which occurs with a top brace clamp, but unfortunately, this part will replace with handwheel for the reason to reduce the number of parts, which reduce the assembly time, also, will calculate the tolerances at different areas such as shafts and holes.
[image: ]
Figure (9)
he manufacturing process, in this case, will be casting chosen material is aluminium alloys, 0.90 material cost, cycle time 15.0sec, total price per part is equal to 14.10 USD, the assembly process by using lubrication to let the part slides on the inner gear shaft the locked by two pins.
E. Drill press top brace clamp
[image: ]
Figure (10)
The manufacturing process in this part will be casting, material zinc alloys, takes time 15,0 sec, total price 15.04 USD, but this part will be replaced with the handwheel and inner gear as the previous analysis showed. 
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A. Drill press Base
[image: ]
Figure (11)
The figure represents the distribution of forces on the structure body of a drill press base which also shows the fixed part to balancing the total part performance before finishing the manufacturing processes.
[image: ]
Figure (12)
The figure represent mesh and distribution and the forces on the whole drill press base unit.
Chosen Material ASTM A36 Steel
[image: ]
Figure (13)
As the figure above shows, ASTM A36 steel rolled mild and hot commonly used, it has fantastic welding properties and ease for drilling, punching, grinding, tapping and machining functions and the yield strength of it is less than cold roll of C1018, therefore is able to bend more than C1018 grad (Azom.com, 2020).



FEA results
[image: ]
Figure (14)
As the figure above shows, the success of modification to increase the durability and rigidity which produced yield strength is quiet nice compared to other parts. 
[image: ]
Figure (15)
The figure represents the half of the part to show the impacts of FEA test which was considered during the modification processes.
B. Drill press main sliding unit
Chosen Material
[image: ]
Figure (16)
As the figure above represent the options of which material needs to be used through the FEA test procedures.
[image: ]
Figure (17)
The figure above represents the drill press main sliding unit, distribution of forces and stress on shaft area with the green arrows and on the top above with red arrows; also, the mesh which strengthened the part during the test. 
[image: ]
Figure (18)
The figure above shows the part after applied FEA test and the impact, which occurs on the drill machine area, clearly exists.
[image: ]
Figure (19)
The figure shows the half of the part to show any impact happened in the main structure, the density of the mass always located in the thick sides of the structure.
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Tolerance
Tolerance. is a limit or range which is used to show correct allowance measurements can be used, there are two types of tolerances, dimensions such as all physical measurements, attributes i.e. time, temperature and sound level (Study.com, 2020). 
[image: ]
    Figure (20)                                                               (Study.com, 2020) 
The figure above shows all the important joints, shafts and different diameter and will be going to calculate what the appropriate tolerances required for each area of the drill machine.

Modification processes
[image: ]
Figure (21)
The figure represents the total assembly of drill machine with fitted new parts such as inner gear and outer hand wheel instead about 5 parts which this design more features to the primer design which consists of a lot of part without advantages. 
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Is equipment that is aimed at assessing and helping the research for typical and optimal design and also to make it a conceptual design. Fast interaction is required for a draughting system, which is less essential, but the quality of productivity first demand without any doubt. In addition, solid model and wireframe are two types of geometry system (Fritz, 2007). 
Correct Tolerance
Correct tolerance is essential for detailing the drill machine CAD layouts, in addition, it will lead to increase the needs for high productivity and manufacturing accuracy, which must consider that.
1. The cost of the part is joined relatively with the layout of tolerances and dimensions.
2. Quality, reliability and value engineers must calculate drawings dimension tolerance in path that makes it simple and ease for the industry and manufacturers.
3. Always update, adopt and activate the systematic operation of collect tolerance is a sensitive and most important stage.
4. Keep in mind increasing tolerancing guide to high manufacturing costs throughout, of machine tools and inspection methods  (B.Hawkes/R.Abinett, 1992).   
Tolerancing & Fits
Systematic process of tolerancing and fit, support the designers during working to calculate the dimensions which is unknown correctly which occurs by ensuring that an allowable tolerance exists between the components in right proportion to go through manufacturing processes. It also teaches the engineers the base knowledge of fits, limits and tolerance as important standards of engineering design for manufacturers and industry  (B.Hawkes/R.Abinett, 1992).









 Technical Symbols
[image: ]
Figure (22)                                                                          (fictiv.com, 2020)
The figure above represents the most important symbols used during the tolerancing on the technical drawing, which shows also geometric characteristics (fictiv.com, 2020).
Datums & Features
The most important concept in GD&T is the DRF which refers to Datum Reference Frame which contains three-dimensional Cartesian coordinate programmes; is a structural anatomy of Geometric system and the origin of all geometric specifications and dimensions related to it. The distinction between datum’s and datum features is that datum’s are line points, axes and planes or mix of components as in DRF. Datum features are physical and actual features such as faces, slots, holes and edges on the product (fictiv.com, 2020).
[image: ]
        Figure (23)                                                                        (fictiv.com, 2020)
As the figure (23) shows, the locations of datums in different areas also represent all the data required to be in the technical drawing. For instance, geometric characteristic, size tolerance of feature and feature modifier. 

Tolerances for shafts  
[image: ]
      Table (1)                                                                (Simply Bearings Ltd, 2020)
The figure shows Iso limits &fits data used for determine the tolerance for shafts during the fitting method for ease of manufacturing purposes.
Tolerances for Holes
[image: ]
     Table (2)                                                             (Simply Bearings Ltd, 2020)
The figure above shows the data that will be used to determine the tolerance for holes to be separately treated during and defined the appropriate tolerances.
Types of fits.
[image: ]
     Figure (24)                                                        (Kovacevic, 2018)
As the figure above represent the three different of fits used particularly between shafts and holes to satisfying the parts required allowances to joining each other’s easily and faster. 
[image: ]
    Table (3)                                                                       (Kovacevic, 2018)
The figure above represents the best types and description of different methods of fit such as loose running and free running for hole and shaft.
[image: ]
      Figure (25)                                                       (eMachineShop, 2020)
The figure above represents the actual location of the datum on different side also how to create the hole tolerances with the shaft.
Clearance description 
[image: ]
Table (4)                                             (Simply Bearings Ltd, 2020)
Another table represents the different type of fit values that used for calculation operations to determine the suitable tolerance which it depends on the surface or hole or shaft looks like.
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1.outer gear shaft with inner handwheel hole
[image: ]
Figure (26)
In this case will use sliding fit type to calculate the tolerance which is.
H7 for Hole and g6 for the shaft.     [image: ]
                                                         Figure (27)
D=22 mm so R=11mm                
	[bookmark: _Hlk34397061]+21 upper limit
+0   lower limit



Maximum hole limit=22.00 + 00.21= 22.21mm
Minimum hole limit= 22.00+00.00=22.00mm
	-7 upper limit
-20   lower limit



Maximum shaft limit =22.00- 00.07=21.93mm
Minimum shaft Limit=22.00-00.20=21.80mm

Largest Clearance = biggest hole - smallest shaft = 22.21 – 21.80 = 00.41 mm 
Smallest clearance = smallest hole - biggest shaft = 22.00 - 21.93 =00.07 mm
1. Lock Big pin shaft and hole.
[image: ]
Figure (28)
In this case will applying sliding fit for pin due to not threads in both shaft pin and the hole.
 big pin shaft Diameter 2.5 mm & R= 1.25 mm
Data from Iso                                  [image: ]
                                                          Figure (29)
                        
	+12 upper limit
+ 00 lower limit


Hole H7 and Shaft g6
Maximum hole limit= 2.50 + 0.12= 2.62mm
Minimum hole limit= 2.50 +0.00=2.50mm
	- 4 upper limit
- 12 lower limit



Maximum shaft limit =2.50- 0.04=2.46mm
Minimum shaft Limit=2.50-00.12=2.38mm
Largest Clearance = biggest hole - smallest shaft = 2.62 – 2.38 = 0.24 mm 
Smallest clearance = smallest hole - biggest shaft = 22.00 - 21.93 =00.07 mm
3. Small pin shaft with hole.
[image: ]
Figure (30)
                                                             
Small pin shaft Diameter 2.5 mm & R= 1.25 mm
[image: ] 
Figure (31)

	[bookmark: _Hlk34399167]+12 upper limit
+ 00 lower limit


Hole H7 and Shaft g6 D=2.5 mm &R=1.25mm
Maximum hole limit= 2.50 + 0.12= 2.62mm
Minimum hole limit= 2.50 +0.00=2.50mm
	- 4 upper limit
- 12 lower limit



Maximum shaft limit =2.50- 0.04=2.46mm
Minimum shaft Limit=2.50-00.12=2.38mm
Largest Clearance = biggest hole - smallest shaft = 2.62 – 2.38 = 0.24 mm 
Smallest clearance = smallest hole - biggest shaft = 22.00 - 21.93 =00.07 mm.

4. Drill press shaft and main sliding unite hole.
[image: ]
Figure (32)
[image: ]
Figure (33)

Hole H7 and Shaft g6
	+21 upper limit
+ 00 lower limit


D=25.00 mm &R= 12.50mm
Maximum hole limit= 25.00 + 00.21= 25.21mm
Minimum hole limit= 25.00 +0.00=25.00mm
	- 7 upper limit
- 20 lower limit



Maximum shaft limit =25.00- 00.07=24.93mm
Minimum shaft Limit=25.00-00.20=24.80mm
Largest Clearance = biggest hole - smallest shaft = 25.21 – 24.80 = 0.41 mm 
Smallest clearance = smallest hole - biggest shaft = 25.00 - 24.93 =00.07 mm.

5.drill press base hole & drill press main shaft outer diameter.
[image: ]
Figure (34)
[image: ][image: ]
Figure (35)
Hole H7 and Shaft g6
	+21 upper limit
+ 00 lower limit


D=25.00 mm &R= 12.50mm
Maximum hole limit= 25.00 + 00.21= 25.21mm
Minimum hole limit= 25.00 +0.00=25.00mm
	- 7 upper limit
- 20 lower limit



Maximum shaft limit =25.00- 00.07=24.93mm
Minimum shaft Limit=25.00-00.20=24.80mm
Largest Clearance = biggest hole - smallest shaft = 25.21 – 24.80 = 0.41 mm 
Smallest clearance = smallest hole - biggest shaft = 25.00 - 24.93 =00.07 mm.
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Drill press main shaft.
[image: ]
Figure (36)
The figure shows the drill press main shaft which all the dimensioning process is being applied and all datum in each side of the part.


 Drill Press main sliding unit
[image: ]
Figure (37)
The figure shows the technical drawing of drill press main sliding unit, all the tolerancing process is being done, also different view of datum.


Handwheel Technical drawing
[image: ]
Figure (38)
The figure represents handwheel part which will be outer the body and connected with inner gear, all the tolerances are fitted in different areas of the part. 
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The relationship between the process models and the product is going through different areas such as, problem-solving mechanisms. PSM are great established as objects providing a variety of services and supports to the main element of Designing for manufacturing, Assembly and Recycling analysis which includes, minimizing the number of parts and choose advanced machining equipment and further.
Key work is in the implementation and functioning of manufacturing knowledge and design in the product, including resources models and manufacturing experiences.
The manufacturing knowledge is increased and improved by using correct data resources and processes; the interaction of objects is beginning by DFM/A/R control firing the perfect sign for evaluation.
The product model and its processing are an important part of the DFM/A/R body, which shows the designer and manufacturing knowledge, therefore it represents the fundamentals of DFM/A/R to make the correct decisions (O. Molly, 1998).
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This project takes a lot of research around several important points, such as, the design needs to modifications and developments, the source of data needs to fit correct tolerances which results from good assembling performance, material analysis, the facilities and equipment that helps to meet the manufacturing for x standards.
The view about the current research of DFM/A/R which has been showed throughout different scientists and scholars working in this field, going up to overview of existing methods for analysation to satisfying all types of industry.
The industry therefore requires a knowledge-based system or a type of AI (artificial intelligence approach) which aims to conclude that all the knowledge of competencies  to support the decision maker, is common to most companies who have developed DFM/A/R for their product by providing automatic analysis, evaluation and value of designs. The DFM/A/R constraints must be considered from the beginning and modelled concurrently during the design functioning in its processes to help the engineers decide very early on, what the important aspects are and which must be considered for their product.
The customers’ requirements and desires must be focused on balancing with environmental constraints, which reflects and supports the DFM/A/R working effectively between several challenges. It is a very important factor to support and protect the complete life cycle of the product type.
Design for X methods is always the first requirement of industry due to it including a lot of objectives and aims, which leads to perfection of the final product with high specifications (O.Molly, 1998).  
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