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AIM(S)

To enable the student to gain a critical

understanding of the principles and

potential applications of a range of

advanced engineering processes and

materials.



LEARNING OUTCOMES

Upon the successful completion of this module, the student should be able to :

1. demonstrate an ability to analyse the structure-property relationships and

behaviour of a range of advanced engineering materials and manufacturing
processes (component A)

2. demonstrate a critical awareness and appraise the potential for application of a

range of advanced materials and processes in typical engineering applications,

gaining an understanding of the development of new sustainable materials for
specific applications (components A and B)

3. demonstrate key transferable skills in problem formulation and decision making,
and the interpretation of experimental results (component B)

4. demonstrate the ability to progress to independent learning (component B)



ASSESSMENT

Assessment Component A – 70%

Written / Exam (2 hours)

The exam will assess the understanding of the structure-property

relationships and behaviour of a range of advanced

engineering materials and manufacturing processes.

Assessment Component B – 30%

This will be assessed individually via one coursework assignment. Students

will be encouraged to critically analyse an advanced technology and to

produce an investigative report that addresses the scientific principles of the

technology, analysis of its application and its potential strategic impact on the

market or industry sector. The results will be in the form of a -1800-word
written essay and presentation to the peer-group and lecturing team.



Traditional vs Non-traditional

Traditional machining processes

• Example: turning, drilling, 
milling

• Removes material from 
workpiece by shear deformation

• Uses a sharp cutting tool

Non-traditional machining tools

• Water jet, laser beam, 
electrochemical

• Removes material by 
mechanical, thermal, electrical 
or chemical energy

• Do not use sharp cutting tools



Graphene aerogel











Why use non-traditional methods?

• New materials developed, both metal and non-metal, 
difficult/impossible to cut.

• New products requiring complex geometries

• New requirements for higher quality surfaces mean traditional 
processes that damage the surface cannot be used



Types of non-traditional methods

• Mechanical – erosion by abrasives/fluid

• Electrical – electroplating in reverse

• Thermal- fusion or vaporization

• Chemical – acids/chemical attack



Mechanical processes

• Examples :–

• Ultrasonic machining

• Abrasive jet machining

• Abrasive Flow Machining

• Water jet cutting

• Abrasive waterjet cutting



Ultrasonic machining (USM) 

• is a non-traditional machining process in which abrasives contained in 
a slurry are driven at high velocity against the work by a tool vibrating 
at low amplitude and high frequency. 

• The amplitudes are around 0.075 mm (0.003 in), and the frequencies 
are approximately 20,000 Hz. 

• The tool oscillates in a direction perpendicular to the work surface, 
and is fed slowly into the work, so that the shape of the tool is formed 
in the part. 

• However, it is the action of the abrasives, impinging against the work 
surface, that performs the cutting.



Ultrasonic Machining

Groover: Non traditional 
machining



USM

https://www.engineeringclicks.com/ultrasonic-machining-usm/



USM

• Common tool materials :soft steel, stainless steel. 

• Abrasive materials in USM include boron nitride, boron carbide, 
aluminum oxide, silicon carbide, diamond

• Vibration amplitude should equal grit size

• Surface finish depends on grit size 

• Material removal rate is an important performance variable

• The abrasive particles wear the tool

• Grinding ratio – Material removed/tool wear

• Abrasive concentration 20-60%



Process Description:
The tool, which is a negative of the workpiece, is vibrated at 
around 20KHz with and amplitude of between 0.013mm and 
0.1mm in abrasive slurry at the workpiece surface.

Material removal is by 3 mechanisms:

1.Hammering of grit against the surface by the tool.
2.Impact of free abrasive grit particles (erosion).
3.Micro-cavitation.

•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.
•The tool is gradually moved down and a constant gap is maintained between the 
workpiece surface and the tool.
•Good for machining very brittle materials.
•Slicing, coining, dicing, lapping, engraving, deburring, broaching, boring and trepanning 
operations are also practical.
•Parts are burr-free with no residual stresses or thermal effects.



Typical Uses:
•Burr free holes and slots in hard, brittle 
materials.
•Complex cavities.
•Coining operations.

Design guidelines:
•Can be used for any material, however, brittle hard materials (eg. 
ceramics, precious stones, tool steels, glass, titanium) are 
preferable to ductile materials.
•Finer surface roughness available with finer grit grades.
•Limited to shape of tool and control in 2-dimensions.
•Sharp corners difficult as they are eroded by abrasive slurry.
•Good for small diameter holes with 3:1 to 4:1 length to diameter 
ratios, although tapering occurs.



Process variations:
•RUM (Rotary Ultrasonic Machining). A rotating diamond coated tool allows 
drilling, threading and end-milling functionality.
•It is common to use an ultrasonic assist in other material removal processes 
(e.g. drilling).
•Rotary Ultrasonic Machining.
•Ultrasonic cleaning.

The environment:
•Scrap material cannot be recycled.
The economics:
•Suitable for low production rates only.
•Special tooling required for each job. High tooling costs.
•Multiple cuts required for progressively better finish. Tool wear is a problem requiring 
frequent changes.



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 rate of 20,000 times 
per second, and, when used with an abrasive slurry flowing around the cutting 
tool, microscopic grinding occurs.
•The process is very 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. The optimisation of the process regarding to these 
parameters is not well established in literature.

http://bullentech.com/contract-machining-services/ultrasonic-
machining/animation/

https://www.youtube.com/watch?v=-fLz4B8vg20

https://www.youtube.com/watch?v=lqKKjB8YMuA



Video Waterjet

• https://www.youtube.com/watch?v=2jm4_HikMqk

https://www.youtube.com/watch?v=2jm4_HikMqk


Manufacturing Technology

• Fastest growing machining process

• One of the most versatile machining processes

• Complements other technologies such as milling, laser, 
EDM, plasma and routers

• True cold cutting process – no HAZ, mechanical stresses 
or operator and environmental hazards

• Not limited to machining – food industry applications

Water Jet Cutting



Manufacturing Technology

• Dr. Franz in 1950’s first studied UHP water cutting for 
forestry and wood cutting (pure WJ)

• 1979 Dr. Mohamed Hashish added abrasive particles to 
increase cutting force and ability to cut hard materials 
including steel, glass and concrete to develop Abrasive 
Water Jet Cutting.

• First commercial use was in automotive industry to cut 
glass in 1983

• Soon after, adopted by aerospace industry for cutting 
high-strength materials like stainless steel and titanium 
as well as composites like carbon fibre.

Water Jet Cutting



Manufacturing Technology

• 2 Types, pure Water Jet and Abrasive Water Jet

• Pure cuts soft materials – corrugated cardboard, 
disposable diapers, tissue papers, automotive interiors

• Very thin cutting stream (0.18mm to 0.5mm diameter)

• Extremely detailed geometry

• Very little material loss due to cutting

• Can cut thick, soft, light materials like fiberglass 
insulation up to 24” thick or thin, fragile materials

• Very low cutting forces 

• Water jet erodes work at kerf line into small particles

Water Jet Cutting



Manufacturing Technology

• Water inlet pressure between 20k-60k psi (1400 bar to 4100 
bar)

• Forced through hole in jewel 0.18mm to 0.5mm diameter.
• Three common types of orifice materials.

• Sapphire, Ruby, Diamond 

• Sapphire is the most common orifice material used today. It 
is a man- made, single crystal jewel. It has a fairly good 
quality stream, and has a life, with good water quality, of 
approximately 50 to 100 cutting hours.

• In Abrasive Waterjet applications the Sapphire’s life is half 
that of Pure Waterjet applications. 

• Rubies with 50 to 100 hour life
• Diamond with 800-2,000 hour life, but 10x to 20x more cost.

Water Jet Cutting



Manufacturing Technology
Intensifier



https://www.youtube.com/watch?v=7_UA8kSC5MU

Water jet video



Question:
The following graph shows the cutting speeds for ½” (12 mm) stainless steel 
for a Quality 2 edge finish. What happens to the linear cutting speed when 
doubling the pressure from 30,000 psi (2068 bar) to 60,000 psi (4137 bar)



In groups of 2/3 write an abstract for the paper you have been given.

You should include:
1. The main objectives of the paper
2. advantages
3. disadvantages
4. applications of the technology
5. The main results of the paper





https://wardjet.com/waterjet/university/nozzle-orifice



The question frequently comes up as to which is better, a direct drive or an intensifier pump. 
Of course depending upon which manufacturer with which you are talking, you will get 
different answers. The best way to answer this is to ask the following questions and do your 
own research: 
•What percentage of pumps in use today are intensifier as opposed to direct drive?
•What percentage of new machines being sold today have intensifier pumps versus direct 
drive?
•How many businesses have been created to swap out a direct drive pump with a retrofit kit 
to change over to an intensifier – basically dispose of the direct drive?
•How many businesses have been created to swap out an intensifier pump for a direct drive –
in other words dispose of an intensifier pump?
•What are the maintenance costs associated with each style pump for the first 1500 hours, 
including replacement of consumable and spare parts?
•How much downtime is involved to replace consumable and spare parts on each style 
pump?

https://wardjet.com/waterjet/university/nozzle-orifice



Manufacturing Technology

• Used to cut much harder materials

• Water is not used directly to cut material as in pure 
water jet cutting, instead water is used to accelerate 
abrasive particles which do the cutting.

• 80-mesh garnet (sandpaper) is typically used though 50 
and 120-mesh is also used.

• Standoff distance between mixing tube and workpart is 
typically 0.25mm to 5mm – important to keep to a 
minimum to keep a good surface finish.

Abrasive Water Jet Cutting



Manufacturing Technology

• Evolution of mixing tube 
technology

• Standard Tungsten Carbide 
lasts 4-6 hours (not used 
much anymore)

• Premium Composite Carbide 
lasts 100-150 hours

• Consumables include water, 
abrasive, orifice and mixing 
tube

Abrasive Water Jet Cutting



Manufacturing Technology

• Typically +/- 0.127mm

• Machines usually have repeatability of 0.0254mm

• Comparatively traditional machining centers can hold 
tolerances of 0.0254mm with similar repeatability

• Water Jet tolerance range is good for many applications 
where critical tolerances are not crucial to workpart
design

Tolerances



Manufacturing Technology

• The cutter is commonly connected to a high-pressure water 
pump, where the water is then ejected from the nozzle, 
cutting through the material by spraying it with the jet of 
high-speed water.  

• It’s practical to use it to cut any kind of material. 

• In waterjet cutting, there is no heat generated. This is 
especially useful for cutting tool steel and other metals 
where excessive heat may change the properties of the 
material. 

• Waterjet cutting does not leave a burr or a rough edge, and 
eliminates other machining operations such as finish 
sanding and grinding.  It can be easily automated for 
production use.

When is it a practical process solution?



Manufacturing Technology

• Cheaper than other processes.

• Cut virtually any material. (pre hardened steel, mild steel, copper, 
brass, aluminum; brittle materials like glass, ceramic, quartz, 
stone)

• Cut thin stuff, or thick stuff.

• Make all sorts of shapes with only one tool.

• No heat generated.

• Leaves a satin smooth finish, thus reducing secondary operations.

• Clean cutting process without gasses or oils.

• Modern systems are now very easy to learn and are very safe.

• Machine stacks of thin parts all at once.

Water Jet Cutting



Manufacturing Technology

• Unlike machining or grinding, waterjet cutting does not 
produce any dust or particles that are harmful if inhaled.

• The kerf width in waterjet cutting is very small, and very 
little material is wasted.

• Waterjet cutting can be easily used to produce prototype 
parts very efficiently. 

• An operator can program the dimensions of the part into 
the control station, and the waterjet will cut the part out 
exactly as programmed. 

• This is much faster and cheaper than drawing detailed 
prints of a part and then having a machinist cut the part 
out.

Advantages of Water Jet Cutting



Manufacturing Technology

• Waterjets are much lighter than equivalent laser cutters, 
and when mounted on an automated robot. 

• This reduces the problems of accelerating and 
decelerating the robot head, as well as taking less energy.

Advantages of Water Jet Cutting

9.25" Aluminum Water Jet Cut



Manufacturing Technology

• One of the main disadvantages of waterjet cutting is that 
a limited number of materials can be cut economically. 

• While it is possible to cut tool steels, and other hard 
materials, the cutting rate has to be greatly reduced, and 
the time to cut a part can be very long. Because of this, 
waterjet cutting can be very costly and outweigh the 
advantages.

Disadvantages of Water Jet Cutting



Manufacturing Technology

• Very thick parts can not 
be cut with waterjet
cutting & hold 
dimensional accuracy. 

• If the part is too thick, the 
jet may dissipate some, 
and cause it to cut on a 
diagonal, or to have a 
wider cut at the bottom 
of the part than the top. 

• It can also cause a rough 
wave pattern on the cut 
surface.

Disadvantages of Water Jet Cutting



Manufacturing Technology

• Taper is also a problem 
with waterjet cutting in 
very thick materials. 

• Taper is when the jet exits 
the part at a different angle 
than it enters the part, and 
can cause dimensional 
inaccuracy.

• Decreasing the speed of 
the head may reduce this, 
although it can still be a 
problem.

Disadvantages of Water Jet Cutting



Manufacturing Technology

• Relatively new technology has caught on quickly and is 
replacing century-old methods for manufacturing

• Used not only in typical machining applications, but food 
and soft-goods industries

• As material and pump technology advances faster 
cutting rates, longer component life and tighter 
tolerances will be achievable

• Paves the way for new machining processes that 
embrace simplicity and have a small environmental 
impact

Conclusion


