rotessor David Rugg — Corporate
Spedialist for Compressor and Nuclear
Materials and a Rolls-Royce Associate Fellow.

rofessor David Rugg s
P 2 titarvum enthustas
You could sy It wass
jotage. That's guite an achiovament for
somathing you can pick up of
Titaniu s 2 rolsthvoly young metal. It
3 didn' find widespread Industrial use unté ﬁ
the 1950s. Its evclution has beon driven by |
applcation in the acrospace industry and the v
aecospore industry has fourtshed as a result!
RollsRoyce has boen dewsloping thanium
alloys since the 1960s They have produced
tankem loys which are ablo to withstand
kighar tamparatures leading to incsasingly afficient,
lighter, angines. The carlest dlogsietuld withstand up
10 300°C but those deployed ¥ modeen engines an
8 witatand twico that
Titanium ang its alloys smbody 2 unigue
goemibination of low donsty, high strongth
L and high stffness, which make tham
Simakablo In the weight
conscious darospace workd.
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A2 comsaquenca, tianium has worked s way back
through the enging, gradually ephxcing heaver stogl and
nickal By the entry into sorvica of tha Trant 700 in 1995)
titanium had mada it Jl the way boack to the end of the.
High Pressure (HP) compressar on the very edge of the
combustion chamber’ in kstar genesations of engines, the
Trant 900 orwasds, Inceased cpde domand ks ratsed
the axkt tempansture 2t the reer of the compressoe, This
has seen 2 resurgenca of nicksl alloys which am able to
withstand thass higher Ssmporatuses.

Accoeding to Rugg: Dwer ten diforent ttanium
alloys caxn be found in thousnds of parts within 2
Rolls-Royce angina’

In modeen asospace engines thanium has two main
functions; the manufactuse of compressor aeecfolls and
discs and s componants of the fan systam: fan blades,
discs and i some drcaemstances fan cses.

Titankum & widsly abundant in nature. As 2 metal 1S
highly raactive coenbining with naarly avery alament in
the parfodic tabla. it is particubarly fond of oxygen and
adwarys found In rature s 2n cnids rather than 2 metal.

PURITY

Loss than two per cent of the tRankam oxide processad 1s used for the
manufactire of tRantum metal, tha rest i wsod for things be wihite paint
and toothpaste. T get the level of matal purity neaded you go through
e consuming, enorgy intensive and corsaquently axpensive process, the
Krofl Process, 1o isokate the matal from the coygen.

Worldwida production of titanksm & 70,000 tonnes per year, of which
thrse quartees is consumed by the aemspace industry. This, ssys Rugg,
‘aquaies to about ona hour of global sted production”

Pura titanfum & vary ductfio, meaning & not britle and canbe bent
without smapping. It & also quite soft and week 50 you put other things in to
strangthen . That's whero the whole alloy devdopment programme
bagins. Alloy devslopment imvoives looking for the optamum combinations
of weight, the ightar the bottar in the cxse of ssrospace commponants,
strangth and resistance to both arsep and fatigue.

‘Ametaliurgists sola in 1fe 5 1o look 2t the raw metals and search for

First taka all the raw Ingreciants, mstly matals, but also small
quantities of cxygen and sometimas sibicon which you bobiove wil
-mphm#ﬂ.m_mﬂ.
togathar Into an slactrode: that's a cybindar saveral matres high wath
Ih‘ﬂlﬂ“ﬂ*m“m
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 cooled copper crucibi. Ths will nosd alactric powar of wall over
10,000 3mps and 20 volts and will causa the slactroda to mait and
'bwnhumﬁ-h‘b—h

weays you can combine tham togather to ghee you the most attactve
property balance. Back in the 505 that was buckat chomistry, you mibod ol
kinds of things togsther 10 568 what you got. Nowadays, we contrdl the
chamistry and microstnuctus 3

‘Wo 20 2blo to doform the matal at high tempemtures, allowsng us to
mako low dansity high strongth fan blades Threa sheats of titantum are
fusod at an atomic lewel through the process of dffusion banding. The
process of super phastic forming & wsad to coate 3 hollow within the biade,
whan the blada Is placod in 3 furacs, openating at almest 1,000°C and
inflated with Amgon gax This causas the two outer titanium pancls to
axpand whikst the middle sheat & strstchad Into's 21g-zag shaps crating
the final hollow 3-D 2ardynamic shapa of the blade and gving the
structure vigidity.

POWDER
Knowlodge of the microstructure has also allowed s to develop complataly
new manufacturing and ropalr processes,

Folls Royos has devdoped a warld-lcading tachnology for the ropair of
biaded discs (hitsks). Bliks are a very high-valus fan or compressor
componants, and wa ars locking fior wasys to rapak minor damage to them
rathar than having to replica the whala part. Over the kst ten yeers
Rolls Roycs has developed a way of depoatting matalic powder with bisers
10 repair damaged mstal The powder s maltod into the adsting metal to
produce 2 microstructum that retumns the part to a level of strangth and
durabiity consistent with s original ramfactused state.

‘Understanding how 1anken works whan its loadod at bigh rates s very
nportant to us, both i terms of understanding the implications of Enpact,
such 25 whan 2 bird strikias a fan bladi, and containenent, such 2s In the vary
rare occasions whana fan binde hraaks

1n tha latter case the energy density and the total kinetic energy nvolved

are huge, simfar to that genarated by milltary armocr-plarting ondinanca.




For theso very fast evonts the rmatartal propartios aro quite stange and
thaye nat intusttve. Up 10 a certain polrt, ¥ you deform thastum aloy at a
faster mta 1t gats stongar. Howevar, £ 1t 5 daformed too fast & offectively
falls apart - becoming molien I vary thin microscopic layars. The challenge
15 to design now, moes tolerant alioys which give us the hightest strongest
c255 we 3 with the masdmum amount of cxiching cpabiny

Tha desrand for Rugg’s expartssa is not ¥mited to a0 angines Ho ks
active In the compamy’s ol nucar
business s well

Zrconkum has the ssme orystal
stroctura s titanium, 2 vory stilar
matakergy and s mamactoed ha

Drconiem twbes a0 used to keep
nudcar fusl 2wy from the coolant
wator that susrounds It Tts man task is
to stay matallic and resist ondation
whan it comes nto contact with hot water. Zeconium & perfect for the task
bocausa It & very conpsion resistant and is almoest tnspassnt to neutroes, it
s having enough neutrons around that make the reactor work. You might
think of watar as fairly benign! says Rugg, but as part of a primary drost at
the haart of a nudiear reactor it could dissolve 2 milk bottle In 2 few miretes.
“Lots of mally intoeasting things happan to zirconium in reactor cores. It
grows and changes shape. S In some types, the 4m long Zrconium tubes
can grow by up 1o two Inches during their operational e and emange twico

5 strong as when thay ware deployed:
Despite the metaliurgical paralals botwoon titanium and zirconkem ther

s boon Intfe cross fertfisation botwosn the nudear and asrcspace
industries. But this s beginning to dhange and Rugg says he is sseing
resaarch inowledge fiom one sphars beginning to inform the other’ Rugg
works with these Rolfs-Royce University Technology Cantras (Manchaster,
Oudoed, and impertal) and sces 2 massve averiap batwoen the work they 2
doing on reactor core tachmology and developmeonts In Stankam metylurgy
The highpoint for the voksne of ttanium use per engine might have
bean the Trent 700, but Rugg dows pot see
the reteamant of titanium anytame soon.
1t will be king In the compsssar for
years to come, siothing can compito with
& thare ghen Rs strangth-to-wsight rmtio.
And, Fyou lock 2t the neat gensation of
fan bindes - which am expectad'to be
made from palymer matrtx composiias, —
thess & titanium all sound the odge which
provides the biada with a kahincad
combination for impact demage, srosion
protection, overall biads perfosmance and dusability. Titankam works wall
with carbon fibrs composfies; s the elestic properties of both are
reasorably simitar and eloctrochamical potantials are dosa, maaning they
cn be usad In Intimate contact with fow issuos. You an alw s thes in the
Iatest genaration of ovd and dafence asrospece arfremes where carbon
fibre composites and titanium hawe now legely displacod $he use of
akuminkum and stosl' &

Author Qanom Keby s part of the Sof3-Roycs comsrandmations tesn in Derty.
4 s provicusdy worked i comenardcations roies 3CTE the pubic Jecior.
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