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* Introduction to the MTC

 What makes laser a different manufacturing tool
« History of the technology

« Manufacturing problems lasers can solve

« Beyond laser cutting...
» Application areas

 What is driving laser adoption and growth?

 Emerging trends
« Laser Processing in EV
« Ultrafast Lasers
« Smarter lasers

 Why does it matter?
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Our capability

UK’s Laser Processing Centre of
Excellence from expert support

Experts in laser processes
from micro to macro scales

Independent, supplier-agnostic
advice tailored to your needs

Enhance productivity, save time,
reduce cost and boost sustainability

Upskill teams and showcase the
benefits of laser manufacturing
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You probably experienced laser manufacturing today mic

without noticing

Tandon
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What is a laser and how does it interact with metals?

]
®e \o | /,
\
_ « Single wavelength When it hits metal it can:
A laser is a controlled,
concentrated source of light * Highly Directional « Be absorbed - heated
energy « Can be tightly focussed » Be reflected

Terminology
*Wavelength — colour of light

*Absorption — fraction of light
converted to heat

*Power density — power per unit area

(W/mm?)

*Continuous wave (CW) - always on /

constant heating
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What makes a laser different?

BENEFIT DETAIL
O Energy where you want it «  Non-contact process so no cutting forces
ol Flexibility . Can be deployed in machine tools, gantry systems, robotics
* EXtreme preCISIOn cells or even hand-held

« Small spot sizes

. Faster than many other manufacturing processes

. NO physical tOOl contact Speed . giggrzgonczizsd;;erﬁggzreduced heat input = reduced
 Less wear
* Access difficult geometrieS «  Precise and stable control of heat input

Control »  Very high level of resolution possible
«  Ability to actively control the process pulse by pulse

- Fully digital

° nghly automatable «  Can process virtually any material

Versatility . Can be deployed in huge range of applications from mass
¢ SOftwa re'Controned market consumer goods to specialist medical devices

*  Aninherently digital process — enabling connectivity, data

i LEiEh mining, machine learning and control
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How small can a laser feature be?

Grain of salt (100-400 micron) 70 Micron (human hair)

Fuel Injector Hole (~100-150
micron)

Semi-conductor features (<10
micron)

Laser-cut stent strut (50-100
micron)
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Evolution of Laser Manufacturing
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1960

First lasers made!

o PN

1990s

Industrial adoption

2010s

Additive manufacturing
growth

1970

I:I

Early welding and cutting

O O
2000s

Fibre laser revolution

O
2020s

power, low cost

L

>

Ultra-fast, high quality high
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The manufacturing problems lasers solve

COOLING HOLES IN JET ENGINE
BLADES

This laser process has created and
sustained thousands of jobs in UK
companies, from the largest
manufacturers to focused equipment
suppliers

DECOMMISSIONING RADIOACTIVE
MAGNOX WASTE FUEL CONTAINERS

Novel remote laser cutting techniques resulted in
five-fold increase in productivity, and a 90%
reduction in radiation dose

FOOD PACKAGING FOR
INCREASED SHELF LIFE

Laser-perforated food packaging has been
proven to increase shelf life of fruits and
vegetables by several days, when
compared with unperforated or
mechanically perforated films

Source: EPSRC Lasers for Productivity 2017



Beyond laser cutting...different laser application areas
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1ic

Centre of Excellence

Laser
Processing

Surface Engineering

» Functional surface texturing
* Precision / selective cleaning
+ Laser polishing / surface finishing

+ Surface modification for
enhanced performance

+ Laser surface hardening

-

Advanced Machining

* Advanced laser drilling and
cutting for metals and alloys

* Laser machining of composites /
ceramics

* Remote laser drilling / cutting

* Laser machining on-the-fly

1nic

Material Joining
* Laser welding
» Live battery welding

» Laser cladding for repair and
remanufacture

* Gas shielding for complex
geometries

* Productionised fixturing



https://www.the-mtc.org/laser-welding-titanium-fairings
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Beyond laser cutting...different laser application areas

1ic

Centre of Excellence

Laser
Processing

Surface Engineering

Super hydrophobic texturing
of dryer evaporator unit fins

Reduced energy consumption
by 5%

90kWh energy saving from a
textured surface over a 10 year
lifecycle

Advanced Machining

* Development of laser drilling
of holes for hydrogen
electrolysers

*« Went from 4 holes a minute to
400 holes a minute using
ultrafast laser

.

Material Joining

Laser welding developed for
range of aerospace engine
components

Adaptable fixturing and gas
shielding allowing laser welding
to be sued in production for
family of engine parts

Thousands of jobs saved in the
UK



https://www.the-mtc.org/laser-welding-titanium-fairings
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What really matters when thinking laser processing?

S

Application: Material, Geometry, Requirements

Laser: Spot size, power / peak power , wavelength , focus point, pulse length

Non-laser: Assist or shield gas, fixturing, gap size, cleanliness

Typical material challenges

» Copper and aluminium's are
highly reflective

* Novel MMCs / CMCs with
changing thermal responses

» Large air gaps

+ High thickness

AN

Benefits of laser

Precision & control
Flexibility
Sustainability
Speed

Inherently digital

New advances

* New laser beam shapes
(ring/core)

» High-speed scanners (polygon)
* Laser welding in vacuum

* In-process monitoring

» Laser heating

* Higher power alternative
wavelengths
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Why are lasers growing so fast?

The cost of lasers have significantly reduced over the last 10 years

Novel laser systems with higher power/higher quality/new delivery
mechanisms have been released

The reduction in cost of supporting systems such as automation,
sensing and simulation packages have also opened up new markets

With market pushes around speed, flexibility, cost and greener products

many sectors are turning to lasers for a solution:
o Green Energy (hydrogen, Wind, solar) Figure 1.1  Historic Worldwide Laser Revenue 1972 - 2019

$16,000

« Fusion Energy
. Global Market for Laser Materials Processing Systems $14,000
* Automotive

* Fabrication B o)
» Aerospace & Defence
* Healthcare

¢ Quantum

$12,000

$10,000

$8,000

Revenue (USSM)

$6,000

$4,000

$2,000

50




Emerging Trends
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The Rise of Ultrafast, Ultrashort &
Ultra powerful!

Higher power femtosecond lasers — using a

scalpel rather than a saw

Lockheed to Scale Up ‘Highest
Powered’ Laser Weapon to

Polygon scanners

Beam delivery systems and shapes with high

quality
Higher power and higher quality for lower cost @ i
o @
Hybrid....?
o s




Emerging Trends
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The Rise of EVs

Battery tab welding

* Hairpin welding

« Copper /Al joining

« Cell manufacturing

« Laser marking

» Electronic improvements

Body

Removing a
Manufacturing
Stage by Welding
the Body with
Coated Material

Power Train
Welding Copper
Hair Pins with
High Reliability

Battery Assembly
Welding of
Dissimilar
Materials

Battery Coolers
Welding Large Sealed
Cooling Plates at a
Fast Feed Rate

niversitat
raunschweig

Controlling Microstructure
for Better Shear
Strength

Institut fiir Fiige- und
Schweifitechnik
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Emerging Trends

New Markets....& Al

* Market pulls in automation, miniaturisation, quality
and flexibility

* Al — Smart lasers with smart in-process monitoring for
factories of the future

+ Conversely...hand held laser welding and cleaning!

* Quantum sensing and computing
« Diamond machining
« Waveguides in glass
» Packaging (optics)




Why Does it Matter?

. ALU
Bright prospects

ASSOCIATION
for growth OF INDUSTRIAL

UK Importance

LASER USERS

UK Laser UK opportunities for Laser Manu facturing
processing S 8800 jobs

« Strong foundation and growth in laser processing in defence jikssid
— critical to processing metals as well as advanced 8% CAGR

materials such as CMCs, MMCs and novel composites
Net exporter

£1.5 billion

« Key enabler for fast growing sectors critical to UK'’s future,

e.g. clean energy (>£1000bn globally) and semi-conductor
manufacturing (£600bn globally)

Encouragingly, in

recent years growth in
the adoption of laser
processing by UK SMEs
is becoming more visible.

» Key to ensure UK industrial strategy is realised and
significant on-shoring opportunities — enabling over
£170bn of value to UK economy by 2035

“Lasers are not only enabling next-generation
manufacturing; they are helping build the hardware
that may power the next generation of computing
and sensing” ved o o8 3313080

Despite its weaknesses, the
UK laser-based manufacturing
sector has significant
opportunities for growth.
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LCYAELCEVEVS

 Lasers are no longer niche

They are mainstream manufacturing tools

« Lasers enable products that are otherwise difficult or impossible

Particularly precision and advanced materials

 The next revolution is intelligence, not just power

Smarter systems rather than simply bigger lasers



Thank you
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Proud to be part of

cAaTAPULT

High Value Manufacturing
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