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[bookmark: _Toc509084341]Introduction 
The purpose of this report is to develop a considering of advanced non-traditional manufacturing processes and how they can be used to improve different product areas. Suggesting two non-traditional machining technologies for a company manufacturing components such as compression and torsion springs, fastenings and fixings. The company are presently using manufacturing methods such as formed, laser and pressed cutting methods. The certain objectives are describing the working principles of the two tools, providing advantages and limitations of each machinery, comparing and contrasting the two tools and providing the potential effects of the suggested machinery on the company in relative to their industry area.
Non-traditional production processes are defined as a group of processes that remove excess materials with various techniques involving mechanical, thermal, electrical, or chemical energy, or combinations of these energies, not necessarily using sharp tools as are used in traditional production process.
Extremely hard and brittle materials are difficult to machine using traditional machining processes such as turning, drilling and milling. Non-traditional manufacturing processes, also known as advanced production processes, are used when conventional machining processes are not possible, satisfactory or economical for particular reasons, as set forth below.
• Very hard, fragile materials that are difficult to grip for traditional machining
• when the work piece is too flexible or too thin
• When the shape of the work piece is very complex
Accuracy 
Efficiency


Different types of non-traditional machining processes are designed to meet the additional machining conditions. When used properly, these processes offer many advantages over non-traditional processing. The usual non-traditional treatment is described in this section. (Manufacturing Technology, 2000)

[bookmark: _Toc509084342]Abrasive water jet cutting

[bookmark: _Toc509084343]Background 

Design guideline, Abrasive water jet cutting is an advanced version of waterjet cutting; where in the water jet contains abrasive particles such as silicon carbide or aluminium to increase the rate of material removal beyond that of the water jet treatment. Almost all types of materials, hard and brittle materials such as ceramics, metals and glass with extremely soft materials such as foam and rubber, can be cut with an abrasive water jet. With reduced throughput and computer-controlled movement, parts can be produced accurately and efficiently using this process. This manufacturing process is particularly suitable for cutting materials that cannot be laser cut or cut with thermal systems. With this method, metal, non-metallic and advanced composites of different thicknesses can be cut. This method is particularly suitable for heat-sensitive materials that cannot be processed by processes that generate heat during processing.
The sectional drawing with an abrasive water jet is shown in Figure 1, which is similar to water jet cutting as well as other features under the gemstone; it is the abrasive hose, the protection and the mixture. In this process, the high-speed water coming out of the jewel creates a vacuum. The Venturi effect is the phenomenon that occurs when a fluid flowing through a pipe is forced through a narrow section, causing a pressure drop and an increase in speed. The effect is mathematically described by the Bernoulli equation and can be observed both in nature and in industry. Many industrial applications rely on this effect because they have to predict the response of a fluid as it flows through a narrow pipeline. The Italian scientist Giovanni B Venturi (1746-1822) was the first to observe this phenomenon. (© 2018 INDEPENDENT MEDIA, 2018) That sucks from the abrasive grinding line that is mixed with water in the mixing tube to form a high speed abrasive jet. 
With this process water is forced at high pressure (up to 400 MPa) through a sapphire nozzle with a diameter of 0.1-0.3 mm, where it entrains an abrasive grit such as garnet. The grit-laden jet emerges with velocity of up to 850 m/s approximately three times the speed sound, giving it the ability to cut almost any material including ceramics and hardened metals. The maximum thickness that can be cut depends on the hardness of the material.
[image: ]
[bookmark: _Toc509084411]Figure 1 Abrasive water jet cutting machine
(Limited, 2015)



[bookmark: _Toc509084344]Physical attributes
Range of section thickness 0.5-0.25 mm 
Tolerance 0.1-0.5 mm 
Roughness 0.8-6.3 µm
Cutting speed 0.05-0.5 m/s
Minimum cut width 0.075-0.4 mm 
[bookmark: _Toc509084345]Economic attributes 
Economic batch size (units) 1-1e5
Relative equipment cost    medium 
Relative tooling cost     low 
Labour intensity            low 


(Limited, 2015)









[bookmark: _Toc509084346]Cost modelling 
Relative cost index (per unit)
Material cost £5.02 per k.g
Component Mass 1 k.g 
Batch Size 1e3
Component length 1m 
Overhead Rate £94.1/hr
(Limited, 2015)



[image: ]
(Limited, 2015)
The graph below is show is any material is below the line is not suitable material any material above the line is suitable material. Also is benefit of the selection material is identify which material is can be used or not.
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[bookmark: _Toc509084412]Figure 2 from CES Edu pack software choosing suitable material
(Limited, 2015)


[bookmark: _Toc509084347]Technical notes 
The important process parameters are abrasive type(aluminum, silica or garnet), thev grit size (60 to 120 microns) and grit loading. The cuting fluid is filtered water with additions of glycerin to control flow. It is pumped by a conventional pump with powder of up to 30 kw. The rates are relatively low (up to 7 liters/minute)despite the high jet velocities (300 to 900 m/s) cutting speed depends on materail thickness and hardeness.
[bookmark: _Toc509084348]Environmental 
In most ways abrasive water jet cut is eco-benign, it is not produces dust, there is not fire hazard and it does not involve unpleasant chemicals. However but it does make noise, ear protection worn required.
(Limited, 2015)

  



 

(Bystronic, n.d.)

[bookmark: _Toc509084349]Application 

Due to the unique nature of abrasive water cutting, there are many applications where it is more useful and economical than standard treatment processes. This section presents some of the main applications and uses of abrasive water cutting. Abrasive machining is mainly used to cut stronger materials such as steel, and even some steel tools can be cut. Although applications are somewhat limited, some applications are listed below.

[bookmark: _Toc509084350]Machining tool steel 

Abrasive water jet cutting can be used effectively to cut tool steels. Tool steel is often very difficult to cut with conventional machining methods and may cause heat that could alter the metallurgical structure of the material. However, abrasive cutting with water jet does not generate an appreciable amount of heat and the metallurgical form of the material is not changed, so the tool is preserved.
[bookmark: _Toc509084351]Manufacturing industry  

Abrasive water jet machining is used to cut any desired profile vehicles, ships, electronic industries and aircraft. The glass industry requires artistic work on different glass materials

[bookmark: _Toc509084352]Construction industry 

Ceramic tiles, mosaics and marble or granite tiles for personal and commercial purposes. Coating or even finishing often means cutting abrasives out of the water as a marble disc or granite cutting can be effective used.
(shodhganga, n.d.)
[bookmark: _Toc509084353]Three types shaping operation 
· Primary: gives shape to an unshaped material for example (ingot, powder, pellets and granules)
· Secondary: modifies or adds further features to shape of semi-finished stock or pre-formed shapes
· Tertiary: further refines the shape of the final component 


[bookmark: _Toc509084354]Advantage of abrasive water jet cutting 

• In most cases, no secondary finish is required
• No distortion due to milling
• Low cutting force on work-pieces
• Limited tool requirements
• Few or no cutting lines
• Typical surface 125-250 microns
• Smaller cut reduces material waste
• No area affected by heat
• finds structural changes
• No metal contamination from cutting marks
• Eliminates thermal distortion
• Precise and multi-layer cutting of contours, shapes and chamfers at any angle


[bookmark: _Toc509084355]Limitation of abrasive water jet cutting 

· Cannot drill flat bottom
· Cannot cut materials that degrades quickly with moisture


18
· Surface finish degrades at higher cut speeds which are frequently used for rough cutting.
· The major disadvantages of abrasive water jet cutting are high capital cost and high noise levels during operation.

A component cut by abrasive water jet cutting is shown in Figure  3As it can be seen, large parts can but cut with very narrow kerf which reduces material wastages.

[image: ]
[bookmark: _Toc509084413]Figure 3 Abrasive water jet machine

	 (2018 Westway Machinery Ltd., 2014)



 



[bookmark: _Toc509084356]Ultrasonic machining 

Ultrasonic machining is a mechanical removal or grinding process used to erode holes or cavities on a hard or brittle part with casting tools, a high frequency mechanical motion and an abrasive slurry. Ultrasonic Machining addresses the increasing demand for machinable materials such as single crystals, glasses and polycrystalline ceramics and increases the complexity of complex shapes and sub-profiles. It is therefore often used in the processing of hard and brittle materials that are difficult to process by traditional manufacturing processes. Hard particles in the slurry accelerate onto the work-piece surface with a tool with a frequency of up to 100 KHz. Repeated removal of the tool makes a cavity with identical cross-section. A schematic representation of the ultrasonic treatment is shown in the figure 4[image: Image result for Schematic of ultrasonic machine tool]
[bookmark: _Toc509084414]Figure 4 Ultrasonic machine
(mechanicatech.com, 2014)

Ultrasonic processing is mainly used to process hard and brittle (dielectric or conductive) materials such as boron carbide, ceramics, titanium carbides, rubies, quartz, etc. USM is a versatile machining process. This process is able to efficiently process all materials, whether electrically conductive or insulating.
For an efficient cutting process, the following parameters must be carefully considered:

• The machining tool must be chosen so that it is very wear-resistant, such as: For example, high carbon steels.

• Abrasives (25-60 μm diameter) in grout (water-based, up to 40% fixed volume) contain: boron carbide, silicon carbide and alumina.
Technical clarification 
High frequency electrical signal is converted into a oscillatory mechanical motion. This motion is acoustically transmitted through a metal tool holder and cutting tool assembly  
[bookmark: _Toc509084357]Physical attributes 
Range of section thickness     1 –20 mm
Tolerance                                   0.005 – 0.05 mm
Roughness                                  0.2 – 1.6  µm
(Limited, 2015)


[bookmark: _Toc509084358]Process characteristics  
Primary shaping processes    x
Secondary shaping processes   yes
Machining processes    yes
Cutting processes      yes 
Prototyping      yes 
Discrete           yes
(Limited, 2015)


[bookmark: _Toc509084359]Economic attributes 

Relative equipment cost   medium 
Relative tooling cost       medium 
Labor intensity                low 




[bookmark: _Toc509084360]Application

The beauty of Ultrasonic Machine is that it can make non round shapes in hard and brittle materials. Ultrasonically machined non round-hole part is shown in Figure 5

[bookmark: _Toc509084361][image: ]
[bookmark: _Toc509084415]Figure 5 part cut by ultrasonic machine
(2017-2018 BrainKart, LLC, 2016)

[bookmark: _Toc509084362]Advantage of Ultrasonic machining 

Ultrasonic machining process is non-thermal, non-chemical process, does not create any change in the microstructures, which devotes themselves to the physical or physical chemistry of the piece without constraint.
• Any materials can be machined regardless of their electrical conductivity
· Capable of machining complex 
· Highly detailed shapes and very accurate result not far from the tolerances (+- 0.01mm) 
 
• Private individual adapted for the use of fragile metals
• Machined parts manufactured by Ultrasonic Machining, which is independent of the action plan, not a consequence of the structure.
• Ultrasonic Machining does not produce the abnormal surface heat, electric and chemical
· High professional skills is not necessary
· Process is not take too long to finished
· Low cost interim of stuff, because short time process  
(Walker, 1996)
[bookmark: _Toc509084363]Disadvantages of Ultrasonic machining

· Ultrasonic Machining has higher power consumption and lower material-removal rates than traditional fabrication processes.
· Tool wears fast in Ultrasonic Machining.
· Machining area and depth is restraint in Ultrasonic Machining.
· Scrap material cannot be recycled  
· Relative tooling cost is medium 
· Suited for low production rates.
· For each task specific tools required, which is leading to high tooling costs.
· Frequently tool has to be changes 

(Limited, 2015)
[bookmark: _Toc509084364]Compare process between abrasive jet cutting and ultrasonic machining
	Abrasive water jet cut
	Ultrasonic machining 

	· Relative equipment cost medium 
· Roughness (0.2-1.6 µm)
· high tooling cost
·  High noise levels during operation.
· High professional skills is not necessary
· Poor in terms of drilling long holes.
· Suitability in machining non-metals


	· Relative equipment cost medium 
· Roughness (0.2-1.6 µm)
· High tooling costs.
· High noise levels during operation.
· High professional skills is not necessary
· Poor in terms of drilling long holes.
· Suitability in machining non-metals




[bookmark: _Toc509084365]Cnstract between Abrasive water jet cutting and Ultrasonic machining 

	Abrasive water jet cut
	Ultrasonic marching 

	Tolerance( 0.1-0.5mm)
	Tolerance (0.005-0.5mm)

	Range of section thickness (0.5-25mm)
	Range of section thickness(1-20mm)

	Scrap can be recycle 
	Scrap cannot be recycle 

	Long life-cycle for sapphire

	Frequently tool has to be changed


	Not necessary For each task specific tools required 
	For each task specific tools required

	No area affected by heat
	Small area affected by heat

	Grinding good
	Grinding poor 

	For all types of material suitable 
	Suitable for hard material and brittle 

	Very thick parts can

not be cut
	Wide range parts can be cut

	Have a wider cut at the bottom of part than the top
	More accurate cutting 




[bookmark: _Toc509084366]Analysis 

During the research and studying of the two processes (abrasive water jet cutting and ultrasonic machining) for cutting material in the manufacturing industry and choosing better process for them in base of economic factor, timing and health and safety. The Ultrasonic machining method is a more suitable method than abrasive water jet cutting based on the advantages outlined for this process. The advantages of ultrasonic machining are that, wide range materials can be machined regardless of their electrical conductivity. The process is capable of machining complex, highly detailed shapes and very accurate results are achievable - not far from the tolerances (+- 0.01mm). The methods can be adapted for the processing of fragile metals 
Ultrasonic Machining does not produce abnormal surface heat (heat affected zone) or electric and chemical degradation. High professional skills are not necessary, Process does not take too long to complete 


[bookmark: _Toc509084367]Conclusion 

In general, non-traditional machining methods have numerous advantages over traditional machining techniques, including the ability to create complex parts, the ability to handle delicate and flexible parts, and high surface quality, reduced time and improved efficiency. This is combined with a reduction in safety risks and minimal distortion of component properties.
In this report, two non-traditional methods have been evaluated - Abrasive waterjet cutting and ultrasonic machining. These two methods suitable for the manufacturing industry/company outlined in the brief. The advantages of ultrasonic machining are that any materials can be machined regardless of their electrical conductivity. It is capable of machining complex, highly detailed shapes and achieving a very accurate result – close to the tolerances (+- 0.01mm). The chosen process can be adapted for the use of fragile metals, Machined parts can be manufactured by the process of Ultrasonic Machining, Ultrasonic Machining does not produce the surface heat affected zone or electric and chemical issues. High professional skills are not necessary, The process does not take too long to complete. Low cost in terms of consumables and overheads, because of the short cycle time.
In addition, the abrasive water jet process behaviours are, in most cases: no secondary finish is required, no distortion due (as is seen in milling), low cutting force on work-pieces, limited tool requirements, few or no cutting lines on the finished components, typical surface 125-250 microns, smaller cut reduces material waste, no area affected by heat, therefore no structural changes to the material, no metal contamination from cutting marks, eliminates thermal distortion Precise and multi-layer cutting of contours, shapes and chamfers at any angle.
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