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Grind. Blend. Debur. Firnish. AEROSPACE

Precision Deburring of Aerospace turbine
Blades: A Case Study in Success

AV&R AEROSPACE:

Canadian firm AVE&R Aerospace needed to refine their precision application of robotic deburring
of aerospace turbine blades. Known as profiling, a precise edge is needed on the blades to
control airflow while increasing efficiency and fuel economy in aircraft engines. When the blades
are first cut, there are sharp edges and square angles that need to be profiled to very exact
tolerances. The first generation of blades supported by AV&R Aerospace needed a tolerance of
100 microns. This tolerance continued to shrink, dropping to 37.5 microns in the second-

generation blade, and falling as low as 12.5 microns in the current generation.

To achieve such demanding specifications, AV&R Aerospace tested many types of abrasive
wheels. Non-woven nylon convolute wheels simply could not achieve the required tolerance
consistently. But the firm found that the Smooth Touch wheel, from Rex-Cut, was able to hit the

12.5 micron mark in a very repeatable fashion.

Rex-Cut wheels are crafted from non-woven cotton fiber that's denser than non-woven nylon.
Cotton fiber mounted points have a cushion action while in use, and due to their density, will hold
up well grinding on an edge. Rex-Cut wheels can be used with precision without changing the

geometry of the part.

Non-woven cotton wheels feature a consistent finish throughout the life of the wheel, and there is
no backing that can gouge the surface of the material. In fact AV&R Aerospace discovered that

Rex-Cut wheels lasted ten times as long as other products.



Smooth Touch Medium wheel on an AV&R Aerospace Robotic Finishing System.

REX-CUT WHEELS ADD THE HUMAN TOUCH:

When AV&R Aerospace helped their clients move from human deburring to robotic operations,
they had to meet the needs of very demanding inspectors. There was a very specific process,
known as Tri-blending, where abrasive wheels were needed to join three different surfaces. The
inspectors were used to very specific results achieved by human operators, and AV&R

Aerospace knew they needed to replicate these results if they were to be successful.



The firm once again tested multiple abrasive wheels, but only Rex-Cut wheel achieved the same
results as a human operator when deployed in a robotic application. The Rex-Cut Smooth Touch
wheels, using cotton’s inherently natural mechanical strength, combined with laminated layers of

abrasive, were able to hold up under the high-stress environment and “fool” the inspectors.

Normand Stoycheff, Support Manager with AV&R Aerospace, highlighted one other important
value of working with Rex-Cut. “We work in a high technology environment,” he explained. “Every
time we have a new order for a new part that is to be crafted manually, if | need help, | would call
Rex-Cut and they would create the custom abrasive that | needed. This is something that | really
appreciate from this company compared to other larger firms. Because we're small, so it's hard to
gain the understanding of the big companies—they're simply not listening to us. With Rex-Cut, |
tell them my process and they suggest a solution. They even created the Smooth Touch high-

density abrasive especially for us. It's that level of service that really makes the difference.”

Rex-Cut delivers predictable precision for roughly the same price as other abrasive products.
When you consider a wheel that lasts ten times as long, and can achieve a tolerance less than 15
microns, the superiority of this wheel is self-evident. Whether used in robotic applications or with

human operators, Rex-Cut wheels are the natural choice.

January 2015 - http://info.rexcut.com/blog/
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Ed Hill discovers how automation and new materials are changing the
production landscape for aero engines from two leading practitioners.

ETIE0A A Mazak
S-axcks robodic
miachining cell

ero engine deslgners
and manufacturers
face a number of
challenges when it
comes to supplying
the latest components. There is
the constant demand from OEMs
and airlines to produce more fuel
efficient, reliable engines, ever
tightening environmental initiatives,
such as Clean Sky 2 to reduce noise
and pollution emissions and added
to this predicted rampup rates,
particularly in the civil sector,
meaning more rapid methods of
production are required throughout
the supply chain.
Francois Arrien is vice-president for
business development at Canadian
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| robotic finishing specialist AV&R

Aerospace. The company isa leading
developer of automated technology
designed to increase the production of
turbine bladesfvanes in aero engines.

He believes there are still areas where
engine design can achieve efficiencies
but new manufacturing technologies
will have to be implemented to achieve
them,

“Increasing fuel burn efficiency
allows a significant reduction of CO,
and NOx emissions and represents
tremendous fuel savings for alriines.
One of the main methods to achieve
this goal is to improve aerodynamics
on compressor blades and vanes by
using more complex 3D shapes and
tighter tolerances on leading and

trailing elliptical edges. Tolerances on
newer engines are around 37pm and
are planned to go to 25pum. With these
new requirements manual profiling is
no longer sustainable, Aspects such
as labour costs reduction, difficulty to
find skilled opemtors and eliminating
injuries also point to automating this
opemtion.”

Peter Smith CEQ and chairman of the
UK's Nasmyth Group, which produces
many parts for the aerospace industry,
helieves longer term more radical
design solutions may be required.

“Clean Sky and new developments in
Clean Sky 2 appear to be hitting the mark
and delivering results on Low Pressure
Ratio Fan/Variable area fan nozzles,
Low Weight/Low Drag fixed or rotating

wWiww.aero-mag.coim



structures, nacelles and high power
gearbox. If we are focusing on reducing
CO,.NOx and noise emissions then we
should be working on hybrid engines, if
not 100% electrically powered.”

Metal matters

Leaner and consequently hotter en-
gines of the future will demand new so-
phisticated heat resistant super alloys
(HRSA)with new machining challenges.
Smith is also conscious that costs will
beamajor consideration.

"HRSA fall into three groups,
nickel-based, iron-based and cobalt-
based. The physical properties and
machining behaviour of each varies
consliderably, due both to the chemical
nature of thealloy and the precise
metallurgical processing it receives
during mamifacture. Whether the
metal is annealed or aged is particularly
influential on the subsequent
machining properties. Alloys designed
to reduce the use of rhenium, a rare
metal that has increased tenfold in
price in recent years as demand has
increased, will bea likely next step.
Advances in coatings utilising Plasma
APS and EB-PVD are intended to
provide improved wear resistance in
the engine.”

Sowhat are the challenges when it
comes to machining and working with

I Frangois
Arrien, AVER
Acrospaces vice-
president for business
development

TS Peter Smith,
chairman and CEC

Nasmyth Group

MRO blade
betore and after

AVER Acrospace's
robotic blending

advanced alloy materials, particularhy
when it comes to increasing cutting
tool life?

Smith contimes: "All machine
shaps should have a real time coolant
management system. Alkaline levels,
PH testing, bacteria content and oil/
water percentage mix are critical to the
life of cutters whilst machining harder
materials. Nasmyth Group has on-site
testing to check all of the above criteria.

“The cutting tool industry hasa huge
part to play in the development of new
coatings. Titanium Nitride coatings and
in particular ceramic inserts are playing
a vital role in prolonging tool life.
Further developments are, however,
still required to match the desire of
deslgn engineers to run and develop
hotter engines and henceuse more
exotic materials, Other improvements
that are becoming more prevalent are
the use of specific CAIVCAM strategies
designed for harder materials.

“Additionally Viper grinding in
particular has led the way in multi-
axis grinding with fir tree grinding and
profile grinding becoming the norm.”

Both Smith and Arrien believe that
automation and robotics will have
an increasing role in aero engine
manufacturing as demand continues
torise.

Tt weconsider high volume blades
or larger components a Flexible
Manufacturing System (FMS) process
is requiired.” Smith says. “The robot can
utilisea rail system to move in between
the machines to deliver the parts if
numerous machines are in operation, or
a paliet transfer FMS can be introduced
that negates the need for robotics,

“World class FMS systems can
expect to achleve 98% uptime when
truly optimised, compare thisto
traditional efficlencies where 75%
would be considered amongst the best
performers.”

‘When it comes to the specific field
of blacde profiling Arrien explains:

“Besidesthe fact that robotic systems
can work 24/7, precision levels required
by new jet engine designs are not
attainable manually. Using robots,
AVER Aesrospace’s automated blade
edge profiling system creates high
precision elliptical profiles on blades
and variable vanes Toachieve these
tight tolerances, AVEHR's systems use
adaptive and closed-loop capabilities
coupled with final leading and trailing
edge inspection. On turbine blades,
thesetechnologies can also blend the
casting injection pinsand polish the
blades. This system is a perfect example
of automation allowing jet engine
manufacturers toachieve the precision
levels required by new environmental
initiatives and reducing labour costs”

Coping with composites

So how do developments such as
compositeftitanium fan blades impact
on the manufacturing process?

“Automation suppliers will have to
adjust their technologles to the new
materials used in jet engines.” Arrien
continues. "Titanium leading edges
for composite fan blades require
long amounts of manual polishing
operations. We have developeda
titanium polishing robotic solution to
dothis operation automatically with
much maore repeatability.”

Smith believes composites have their
advantages but these may not apply to
every component.

“A composite engine casing reduces
weight by up to15001b per aircraft,
the equivalent of carrying seven more
passengers at no cost, However, the
impact on utilising compaosites in
large volumes is not as ‘easy” as lirst
predicted. It is vet to be proven if high
volumes on large products can meet
the demancl,

“Without doubt traditional blacde
manufactures will have to evolve
and change with new mam#facturing
techniques and perhapsundertakea

facturing Fchruary 2015 38
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Element Analysis software tounderpin
the designers theories, engineers

can predict with greater accuracy the
failure rate or life of any given part.”

compromises the shape of the part. By its
consistency a robotic polishing system
can polish without compromising the
shape done by the additive process”

AVER Aerospace’s technology Smith concludes: “For the next five
specifically means that longer turbine years, additive manufacturing hasa
and fan blade life can be achieved small part to play in the rotative area
during engine overhauls, of the engine. However, certification

“Our automated profiling systemis a is problematic because of the issues

natural fit to address the high levels of
variations found in MRO parts,” Arrien

surrounding the powder from which the
parts are sintered; with the manufacturers

explains, “Today, MRO compressor struggling to produce identical-sized
blades are mostly blended and re- particles that are free from inclusions that
profiled manually. By using an adaptive in turn reduce the standard and accuracy
robotic system instead, the robot will of each individual part.

greatly improve the aerodynamics “The future for traditional subtractive
of the blade. Better asrodynamics manufacturing must be based on

reduces hurbulences around the blade
increasing its life. Since the profiling

improved performance, faster removal
rates - based on improved software

system only removes the minimum technology, (CADYCAM) improved
relatively lengthy learning curve.” T AvaRs amount of material required, it also feeds and speeds through motion
Aeroengines, although reliable, e ima e | Teducessignificantly the number of enhancements, digital technology
demand expensive servicing and blades scrapped during manual repair.” regarding feedback units, look ahead
MRO costs that will need to be kept to Iask what impact the much lauded spead and processing speed of
a minimm in future for highly cost additive manufacturing (AM) process controllers.
consclous airline operators. will have on engine production, 1 predict casting will come under a
Smith observes: “New and improved “Additive manufacturing has the greater pressure from AM compared
alloys, coatings, improved quality of advantage to create complex 3D to precision machining. Difficult and
product through improved machining shapes within very high precision, but complex shapes lend themselvesto
and tooling strategies, moving away unfortunately it generates poor surface casting and thisis alsoan area where
from welding and fabrication towards finish,” Arrien notes. "During manual AM excels.”
one piece manufacturing add to polishing operations, the operator www.nasmythgroup.com
extending service intervals. With Finite improves the surface finish but often WWW.AVT-AErOSPa Ce.com
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THE 2015 ADS DEFENCE & AEROSPACE
TECHNOLOGY ROADSHOW AP

In association With __se—

The ADS Defence & Aerospace Technology Roadshow takes place once
again in September 2015 visiting Major Defence & Aerospace Sites across
the UK on its 3 week tour, This represents an amazing opportunity to come
and present your products, services and technologies on board our unique
exhibition vehicle directly inside the customers premises.

5o if you would like to come and meet the
Design/Development/R&D Purchasing and
Senior Management Personnel at some of the
most strategic Defence & Aerospace Facilities across
the LK then please contact us and we will send you

Multiple sites of Rolls-Royce, Selex, Thales, GE Aviation, Cobham, il nkomiion Dok Dy ndfum:

L3 Comms, Qinetig, Goodrich, Agusta Westland, BAE Systems and

MBDA are all on the proposed tour list for 2015, » Contact John Aldridge

Tel: +44 (0) 1189 886823
Email: johnEdream-marketing.co.uk
www.dream-marketing.co.uk

We will provide you with your Exhibition stand with graphic display, power,
lighting and cupboard storage and the opportunity to have two of your
personnel on the vehicle at each location on the route.

dream "’

marketing

Irfterrational o

CONTACT US TODAY TO BOOK YOUR STAND
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Automation Specialist AV&R Says Size
Matters in Aerospace Sector

If there’s one thing that Jean-Francois Dupont has learned about the global aerospace business over the past
few years, it’s that size matters.

Recognizing the challenges smaller companies face when striving to make an impact in a market where
customers tend to be huge national or multi-national corporations, Dupont sought to bulk up the company he

co-founded, Montreal-based aerospace automation specialist AV&R Vision & Robotics.

The result was a merger last year with automation manufacturer IMAC Automation to form AV&R, the
world’s largest aerospace industry robotics firm and one of Quebec’s largest engineering firms specializing in

automation.



With a staff of 120 people including 80 engineers, Dupont believes AV&R 1s now well positioned to grow its

business globally.

“What we faced is a good lesson for any small Canadian aerospace company,” says Dupont. “Consolidation is
a must. There are many smaller companies offering similar services, but OEMs generally want to deal with just

one supplier in a specific area and that’s what we’ve created for our customers.”

The merger created a company that can now offer more complete automation, robotics and machine (digital)

vision solutions to its customers, he adds.

And with a customer list that includes Rolls Royce and Pratt & Whitney with manufacturing plants around the
world, AV&R has to have the capacity to provide services where and when they are needed — and that’s a

challenge in itself.

“Once we've established a relationship with a
customer, they expect us to be on the ground with
partners and local representatives in their time zones
and at their locations,” says Dupont. “In some cases
that means having people who understand the local
business culture and speak the local language. These
are challenges that any Canadian company looking to

grow business overseas needs to consider.”

He adds that even in the U.S. where customers could once be served by Canadian representatives who would
periodically visit U.S. customers, American firms and U.S. authorities now increasingly insist that suppliers

maintain a local presence including staft with U.S. citizenship.

Challenges like these don’t deter Dupont. The U.S. remains AV&R’s main target market and the company 1s
planning to open an office there. His other two top markets are France where there’s a growing demand for

aerospace automation, and China, which is moving steadily towards more automation in manufacturing.

Export Development Canada (EDC) aerospace sector advisor, Robert Caouette, says AV&R’s experience is

typical of many Canadian companies looking for opportunities in the global aerospace industry.



“Canadian SMES, although growng, are starting to lose ground in global supply chatns compared o suppliers

from other countries,” he says.

“Most are simply too small to sell directly to very big OEMs like Aurbus and Boeing, so their need to focus on
building relationships with the tier one and tier two suppliers o the OEMs. That's where they can build

business.”

Tips from AV&R President and CEQ Jean-Francois Dupont

|. Consolidate, Trump smaller compefitors and appeal to global aerospace OEMs that prefer to deal with just
one supplier in a specific arca

2. Build focused core competencies. Through 1ts merger AV&R can now offer 1ts customers complete
aufomation, robotics and machine (digital) vision solutions, making 1t a specialized one-stop shop.

3. Go to your customers. Establish  local presence near to your customers, including hiring staff that

understand the local business culture and language.
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