Critical Evaluation for Non-Traditional Machining Equipment for the Manufacturing Industry
[image: ] 
Assignment 1: Critical Evaluation for Non-Traditional Machining      Equipment for the Manufacturing Industry

BY:	Mr Aaron Hillam – P141233

BEng Mechanical Manufacturing Engineering
M6X00414 – Advanced Processes and Materials






[image: ]
Contents
1. Figures 										3
2. Introduction										4
3. Background Information								5
4. Non-traditional Manufacturing Processes					7
a. Ultrasonic Machining							7
b. Abrasive Water Jet								8
5. Manufacturing Process Comparison						9
6. Conclusion										10
7. Evaluation										11
8. References										12
9. Appendix										13
a. Abrasive Water Jet Cutter						14
b. Ultrasonic Machining							15
c. Calculated Costs								16











Figures / Tables
1. Figure 1: 	Hinge diagram		 					5
2. Figure 2:   Formed hinge							6
3. Figure 3:	Chamfering method						6
4. Figure 4: 	Ultrasonic machining						7
5. Figure 5:	Abrasive water jet cutter						8

1. Table 1: Costs									9
2. Table 2: Production rate							9
















Introduction										
The purpose of this report is to develop an understanding of advanced non-traditional manufacturing methods and how they could be used to improve various product sectors.

This report focuses on the manufacturing of a standard door butt-hinge, typically manufactured using steel for the interior and stainless steel or brass for the exterior to help prevent corrosion.

Non-tradition manufacturing methods in contrast harness energy levels typically considered unconventional such as chemical, electrochemical, electro-thermal and chemical. When removing material, a non-traditional method would typically use a form of erosion such as that caused by water jet cutting rather than shearing.

Manufacturing methods are split into two shaping methods, primary and secondary processing. The primary method consists of the basic model which includes, the required dimensions, material quality and functions. The secondary method consists of the final shape and the material finish.

Non-traditional machining is used when a material exhibits difficult machining qualities such as:
· The material is too hard and tough to cut through with conventional methods
· The material is to flimsy or has a low yield point that it cannot be clamped for cutting
· The geometry of the desired component is to complex consisting of internal / external features and various cavities.
· The component is sensitive to heat sources, high pressures and vibration.


Assumptions:

· The production is based on a mass rate.
· The organisation already has the machines required.


Neglections: 

· One off specialty hinges have not been considered.
· Other hinge types have not been considered.












Background information							
Traditionally, the door butt hinges are manufactured using either steel for interior purposes and brass or stainless steel for exterior purposes. The butt hinge as shown in figure 1, consists of three components, 
· leaf 1 is the same dimensions as leaf 2 but has 2 knuckles and 3 openings which are positioned in line with leaf 2.
· leaf 2 is the same dimension as leaf 1 but it has 3 knuckles and 2 openings which are positioned in line with leaf 1.
· The pin is the length of the hinge with the addition of the end caps which prevents the pin from dislodging.
The overall dimension can vary depending on application and typically consist of 3 or 4 chamfered holes for inserting screws.
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Figure 1: Hinge diagram
Chamfered Holes








The current manufacturing methods consist of either semi or fully automated punching presses. The process starts with sheet metal being cut into the sizes for each leaf, a hydraulic press is then used to stamp out the hinge design shown in figure 2.
[image: ]Figure 2: Formed hinge

Each tab is then formed into a knuckle using three steps.
1. The first process uses a press to form the leading edge.
2. The second process uses a press to bend the tab to a desired angle, typically 75 – 88 degrees.
3. The third process pushes down onto the leading edge forcing the tab to curve round and form a knuckle.
The spindle is then inserted using a hydraulic press, another press is then used to rivet both sides of the spindle. The chamfered holes are then bored using various drill sizes as shown in figure 3.
[image: ]Figure 3: Chamfering method

The hinge then goes through a cycle of buffering methods to bring the hinge to the desired finish.

Non-Traditional Manufacturing Processes			
Ultrasonic Machining
Ultrasonic machining is a non-traditional machining process, it causes a vibration effect by using a sonotrode, which uses alternating currents to force the transducers to contract and expand at an ultrasonic frequency ranging at 20kHz – 70kHz. The tool reciprocates through an abrasive slurry which is used to bore away the material, leaving the desired design. Figure 4 depicts the ultrasonic machine. (Abramov, 1998) (El-Hofy, 2005)
[image: ]Figure 4: Ultrasonic machining


For the ultrasonic machining to create a butt hinge, it could be used in two options;
· Option one, the machine is used to cut the metal into strips and the hinge shape is formed before the knuckles have been created. This would still require another machine to form the knuckles.
· Option two, the machine is used to cut away material from a block until the hinge is formed with the knuckles already created. This method would prove very wasteful of material and very time consuming.







Abrasive Water Jet
Abrasive water jet cutting is a non-traditional machining process, it uses a coherent stream of high water-pressure which causes a vacuum as it passes a mixing chamber, this drags abrasive substances such as alumina, silica or garnet and mixes it, to create the high velocity abrasive water jet. The water velocity raises to approximately 850 m/s, which allows it to cut through most materials including ceramics and hardened metals. Figure 5 depicts an abrasive water jet. (Ahmad K. Elshennawy, 2015)
[image: ]Figure 5: Abrasive water jet cutter


For the abrasive water jet to create a butt hinge, it could be used in two options;
· Option one, the water jet is used to cut the initial pattern of the hinge before the knuckles are formed. Another machine would be required to form the knuckles.
· Option two, the water jet could be used to remove material from a block until the butt hinge is revealed. This would prove very wasteful of material and time consuming.








Manufacturing Process Comparison
Table 1, compares how the costs when producing the butt hinges.
[image: ](Lembersky, 2016) (Ward Jet INC, 2018)

Table 1: Costs

The pressing / punching has a high labour cost as each machine requires somebody to ensure the machine is working both the ultrasonic and abrasive water jets can have the same person running multiple machines. 
The maintenance cost across all the methods is roughly equalised at an hourly rate of £5.02.
The overheads for the non-traditional methods is significantly more as they require power sources for the water being used, the high pressure required for the abrasive waterjet and the power to run the ultrasonic machining. The pressing / punching methods typically uses the mass of the machine supported by hydraulics to cut / shear the material, this requires little power.
[image: ](Lembersky, 2016) (Ward Jet INC, 2018)

Table 2: Production rate 

The sheet metal provided already has a primary surface applied, all the processes have the ability of maintaining the desired surface. At the end of the production, the product will go through methods of buffering / polishing to an excellent quality.
The press / punching process provides almost no waste. The waste that does exist consists of the burr when cutting the shape out and the swarf as the chamfered holes are cut.
The ultrasonic machining and abrasive water jet would be required to remove a significant amount of material from a block to form the end product.










Conclusion
After considering the information gathered on the non-traditional methods when compared to the methods already used, it is clear that the current method is by far the most idealistic method for the production of a standard door butt hinge. The method of punch pressing has minimal material waste, the production rate is very high, the over-heads are very low, but the labour cost is significantly higher than the non-traditional methods but the other expensive out way the labour cost.
If a choice had to be made between ultrasonic machining and an abrasive water jet system. The ultrasonic method would be more ideal, although it is slightly slower than the abrasive water jet, the ultrasonic tooling could be used to produce multiple hinges in one run which reduces labour cost, running costs and increases the production rate.
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The analysis of this report has proved valuable when determining the additional cost and low manufacturing rate of the butt hinge, this would ensure an organisation Is well informed.
To further improve the data collected in this report, it would be ideal to consider a wider range of non-traditional processes and potentially see how the processes compare when a different design or material is used. The report could also take into consideration, single / very low volume productions to determine the best option.
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Appendix

Abrasive water jet cutting
General
Tradenames
AWJM; AWJC
The process
In ABRASIVE WATER-JET CUTTING, water is pumped 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 a velocity of up to 850 m/s -- roughly 3 times the speed of 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.
Process schematic
[image: ]_
Shape
Flat sheet	True
Physical attributes
Range of section thickness		0.5	-	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
Process characteristics
Primary shaping processes	False
Secondary shaping processes	True
Machining processes	True
Cutting processes	True
Prototyping	True
Discrete	True
Continuous	True
Economic attributes
Economic batch size (units)		1	-	1e5	
Relative equipment cost	medium
Relative tooling cost	low
Labor intensity	low
Cost modeling
Relative cost index (per unit)		Out Of Range	GBP
Parameters: Material Cost = 5.02GBP/kg, Component Mass = 1kg, Batch Size = 1e3, Component Length = 1m, Overhead Rate = 94.1GBP/hr, Capital Write-off Time = 5yrs, Load Factor = 0.5
[image: ]_
Supporting information
Design guidelines
Abrasive water jet cutting (AWJC) is used to cut difficult materials such as  glass, silicon, mica and other ceramics.  Abrasive water jet machining (AWJM) is used as a finishing process for deburring, trimming, deflashing, cleaning and polishing.
Technical notes
The important process parameters are abrasive type (alumina, silica or garnet), the grit size (60 to 120 microns) and grit loading.  The cutting fluid is filtered water with additions of glycerin to control flow.  It is pumped by a conventional pump with a power of up to 30 kW.   The flow rates are relatively low (up to 7 liters/minute) despite the high jet velocities (300 - 900 m/s).  Cutting speed depends on material thickness and hardness.
Typical uses
Abrasive water-jet cutting  is particularly suited for cutting  non-homogeneous materials such as composites, and for cutting metals when properties are sensitive to high temperature or to the work hardening and surface damage caused by other cutting techniques.
The environment
In most ways AWJC is eco-benign.  It produces no dust, there is no fire hazard, and it does not involve unpleasant chemicals.  It does, however, create noise at levels that exceed the guidelines of the Occupational Safety and Health Administration, requiring that ear protection be worn.
Links
MaterialUniverse
No warranty is given for the accuracy of this data







Ultrasonic machining (USM)
General
Tradenames
Ultrasonic impact grinding; impact grinding.
The process
In ULTRASONIC MACHINING (USM) an abrasive slurry is forced against a workpiece by a vibrating tool.  The tool, which is a negative of the workpiece, is vibrated at around 20KHz with and amplitude of between 0.013mm and 0.1mm .  Material removal is by three mechanisms: hammering of grit against the surface by the tool, impact of free abrasive grit particles (erosion), and micro-cavitation.  The tool is gradually moved down and a constant gap is maintained between the workpiece surface and the tool.
Parts are burr-free with no residual stresses, distortion or thermal effects. There are no changes to the metallurgical, chemical or physical properties of the workpiece.  USM is particularly good for machining very brittle materials.
Process schematic
[image: ]_
Figure caption
Ultrasonic machining.
Shape
Circular prismatic	True
Non-circular prismatic	True
Solid 3-D	True
Hollow 3-D	True
Physical attributes
Range of section thickness		1	-	20	mm
Tolerance		0.005	-	0.05	mm
Roughness		0.2	-	1.6	µm
Process characteristics
Primary shaping processes	False
Secondary shaping processes	True
Machining processes	True
Cutting processes	True
Prototyping	True
Discrete	True
Economic attributes
Relative equipment cost	medium
Relative tooling cost	medium
Labor intensity	low
Cost modeling
Relative cost index (per unit)		Out Of Range	GBP
Parameters: Material Cost = 5.02GBP/kg, Component Mass = 1kg, Batch Size = 1e3, Overhead Rate = 94.1GBP/hr, Capital Write-off Time = 5yrs, Load Factor = 0.5
[image: ]_
Supporting information
Design guidelines
USM can be used to machine any material, but the process is slow, and is best reserved for  brittle hard materials (e.g.. ceramics, precious stones, tool steels, glass, titanium).  Finer grit grades give a smoother surface, but sharp corners are difficult as they are eroded by abrasive slurry.  The process is good for small diameter holes with 3:1 to 4:1 length to diameter ratios, although some tapering occurs.
Technical notes
A 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. This linear oscillation is typically at a frequency of 20,000 Hz, and, when used with an abrasive slurry flowing around the cutting tool, microscopic grinding occurs.  The process is difficult to control due the large number of variables involved. These include the type, size and concentration of the abrasive powder, the fluid, the flux intensity, the vibration amplitude and frequency and the tool geometry and material. 
RUM (Rotary Ultrasonic Machining). A rotating diamond coated tool allows drilling, threading and end-milling functionality.
Typical uses
Machining of ceramics, carbides, glass, precious stones, hardened steels ceramics, tool steels, Ti, glass.  Burr free holes and slots in hard, brittle materials. Complex cavity shapes are possible.

The economics
USM is best suited for low production rates.  Special tooling required for each job leading to high tooling costs. Tool wear is a problem requiring frequent changes.  Multiple cuts may be required for a high finish.
The environment
Scrap material cannot be recycled.
Links
MaterialUniverse
Reference
No warranty is given for the accuracy of this data

Calculated Costs
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(Lembersky, 2016) (Ward Jet INC, 2018)
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Pressing / punchingUltrasonic machining Abrasive water jet 

Labour cost (£) 5.6 2.8 2.8

Maintenance cost (£/hr) 5.02 5.02 5.02

Over-heads (£/hr) 24.5 94.1 94.1
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Quality finish Excellent  Excellent Excellent

Material waste Very low Very high Very High

Production rate (p/hr) 3600 1800 1440
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