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Adaptive Machining News from

Welcome to the first TTL Newsletter

We hope you enjoy learning a little more about ‘

our company and reading the latest news on how * /
Adaptive Machining can aid both your gas turbine
component manufacture & repair operations.

IN THIS ISSUE
Blisk Repair

Impeller Machining

Automated repair of Fan Blades

Surface Patch Removal

N GV 6 éutomated reeontouring

New Technology Triple Edge Repair

AND MUCH MORE!

) www.ttksolutions.com
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Is this technology applicable to both the making of n

PaUI WaItOn parts and repair operations?

TTLOs Managi ng Di Yesdurfit feally automated Adaptive Machining system
was for the manufacture of new aircraft engine parts. The
components were forged titanium compressor blades that re
quired some complex blending operations. We developed a s}

Paul, could you tell me a little about your background andem to remove the manual processes and provide significan

how you got into engineering? increase in quality and productivity. We were told by the cli-

ent that the system paid for itself in around 6 months.

| have a technical background. After graduating in Production
Engineering | became involved with the machine tool industry Could you give me some examples of the repair sol
and eventually started to develop CNC machining applications, | tjions has TTL developed?

finally became involved in developing Adaptive Machining soft-
ware in the |l ate 19808s We have developed many repair applications over the yee

including aerofoil tip restoration, chord width restoration,
How long has TTL been operating and how did the com- aerofoil patch machining, crack removal, etc. on a wide range
pany start? of components from both hot and cold sections of the engine.

TTL was started in the March of 1987 by me and two partners. \What are the prime benefits for customers using a T

We were originally set up as a programming and machining sup-  Adaptive Machining Solution?
plier for the mould and die industry.
There are many benefits, including lower cycle times, better

Could you give me some examples of interesting projectsontrol of geometry, reduced labour costs, reduced health
from those early years? safety risks and quicker turnaround times.

Much of our early work involved machining of complex-3 Wh a t ar e TTLOS | at est d
dimensional surfaces. We did a lot of work in the mould & die

sector and for F1 racing teams. After a while, we started to develop We have recently developed fully automated systems for re
customised software solutions for applications as diverse as golf contouring of Fan Blade Leading edges and the repair of
ball design and other sports equipment manufacture. This was Prazed NGVO6s (Nozzle Guide

really the birth of our software development department. tions achieve very low cycle times by using laséased scan-
ning technology to measure the part

| _SUBIREREE SEE ANiRt] T L s p'r ame |aagtdi vity Adaptiv

ing Solutions, could you tell me briefly what Adaptive MaI have heard you speak before about the strong tear

chining is? you have at TTL, could you tell me a little about ther
please?

Adaptive Machining is a technology which allows you to auto-
mate complex manufacturing processes that, due to parpart I consider us to be very lucky to have such a talented team ir
variations, normally have to be done by hand. A typical marketis TTL. All of our engineers are from CNC machining back-
the Gas Turbine industry where the technology significantly in-  grounds and we have people specialising in the various aspec
creases the efficiency of complex blending and polishing processes.of software and process development. The practical bac
ground of our engi neer s-onghel c
What was TTLOs first AdapgioundMazphpirnanhg tpr 99lec b @
to gravedéd philosophy, so oul
Our first real adaptive application was machining forging dies.  get involved with all aspects of projedlsirom initial concept
We had to measure forged parts and analyse the deviation betweengng gemonstration  right through to installation, training

desired and actual geometry. Corrections were then applied to theanq technical support.

forging dies in order to achieve conforming parts. In those days,

the measurement snwér andomes b ot kdstyy wireteido you seeetheecompany going in the |
done manually. The experience that we gained in those early days tyre?

formed the basis for todayds much more sophisticated sys
where measurement, data processing, and tool path calculation are We have always strived to develop and deliver the innovativ

handled automatically. and reliable machining solutions that our customers want.
The Gas Turbine market is changing, however and | think the
Has the company got any patents or awards future we will start to see more strategic partnerships with

major customers who are really looking to gain that crucial

Yes, we won the Queens Award for Innovation in 2002. We have competitive edge.

also had a UK patent since 2000 on our Adaptive Machining
Technology
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Blisk Repair

The ability to repair Blisks is becoming esse
As more and more blisks find their way into |
vice, the need to develop reliable and- @
effective repairs is becoming paramount. B
replace traditional bladed compressor disks
from individual aerofoils anchored to a slot
disk with nuts and bolts. Besides saving wg
and cutting part counts, blisks improve airf
and fuel economy. They also solve some ¢
engine design problems, such as how to get
air through an engine without making it any
ger. Direct weight savings from fan and cq
pressor blisks are roughly proportional to t
diameter but can be a third less than their
vidually bladed predecessors

We have done a great deal of development work or

and bedngideidbe their replSkeEraipappiGationsand gre aplg ipdemonstrat

Blisks are among the most critical of engine component

after the prerequisite humber of cycles / operationalth@t automated machining processes are not onl;
hours have been completed. However, the cost and conf20SSible, but economically viable. Machining trials

plexity of manufacturing new blisks means that duringceMPleted to date include removal of weld beads
their life cycle, it is very importarfor economic rea- from leading edges, trailing edges and aerofoil tips

sons- to be able to repair them efficiently and-cost Machining of inserted patches and the automatec
effectively. blending of linear friction welded aerofoils.

Apart from the metallurgical integrity issues associated! the MRO world blisks are undoubtedly going to
with blisk repair processes, the physical geometry op€COMe a bigger part of all of our lives. As more en-

these parts creates some problems for repairers. AerofddNes enter service with single and +stage blisks,
geometry s the need to be able to repair them reliably and cost

often -ve Iefglectiv(gls(‘3 will be of paramount importance.

Di mensi omnaTh0 we are taking care to ensure that we can
and  difficult offer the best available technology for handling these
to access be-  gdemanding applications. If you have any blisk manu
cause of facturing or repair problems involving machining

neighbouring  technology, please contact us to see how we ca
blades. The  pgpp,

risk, when

using manual
processes, of
inadvertently scrapping the component by over blending
a weld bead or patch is high and any mistakes on these
components are, by definition, expensive.

Blisk repair, therefore, is a prime candidate for Adaptive
Machining. The ability to-centour aerofoils and blend
accurately onto parent material in a predictable, safe and
robust way is of prime importance on these highly criti-
cal parts.
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Figure 8 bucket with partial concave patch rg’pair

This is a generic process used by some rep
ers and component manufacturers to remoz
surface defects from gas path surface
Defects include small cracks in semioe
components and impurities or blemishes i
new castings both of which can be in the
middle of the pressure or suction faces, or
the blend between the aerofoil and the root ¢

shroud platforms.

The complex and irregular nature of the
defects makes it a particularly difficult proce:

to specify and control by manual methods.

The three pictures on the left show differen
types of surface patch removiaig. 1 Shows
modification of an complete aerofoil pressur

face, blending onto the root platform radius.

Figs. 2 and 3 illustrate similar aerofoil
modification processes where more localize
regions of the pressure face have bec
machined adaptively in order to remov:
surface defects and to improve surface finis
This technique has also been used ve
successfully in new turbine blade castings
remove defects and impurities left after th
casting process. In all cases, the inhere
ogeometry capabiliti
ing allow such operations to be carried ot
with an intimate understanding of the aerofo
shape being machined in order to ensure th
tolerance requirements are not exceeded &
that the finiskmachined item meets quality

and geometry requirements.
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Industry Focus

Aero Engine MRO Market Statistics

The aero engine MRO market is big and complex. 2
estimates showed the global aviation MRO spend tc
around $41.8 billion. Western and Eastern Europt
operators combined generated around 30% of the M
demand equating to $12.6 billion. North America is
current primary market accounting for around 34
whilst Asia Pacific, China and India combined account

approximately 23%.

In terms of total airline spend, maintenance accounts
around 9% and of this, approximately 34% is spent
engines. According to one source, almost half (49%
the total cost of engine maintenance is related to aero

and related components.

At TTL, we regard this as good news since it highlig
the importance our Adaptive Machining technology (¢

play in reducing engine maintenance costs.

At around 27% of the overall airline spend, however, 1
is the most significant cost driver for the airline indust
Fuel efficiency, therefore , is paramount.

Wi th thi mi nd,

aimed at helping to increase aerodynamic (and there

S 1n ma ny
fuel) efficiency. These developments include the a
mated machining @&lliptical Leading Edge profiles on
compressor blades and vanes, and of course, the

blades (see page 5).

In order to meet the demands of the $59 billion of enc
deliveries forecasted between 2009 and 2018, TTL in
to stay in the forefront of delivering repair technologies

keep our customers ahead of the game.
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