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4 SPOTLIGHT ON

›
  The Chandrayaan-2 is the second lunar exploration mission developed by the Indian Space  

Chandrayaan-1. Midhani supplied special ultra high strength steel and titanium alloys for the 

›
  Structure assembly line for the Airbus A320 in Hamburg. ›
  The Airbus A321XLR. ›
  The Airbus E-Fan X. a hybrid electric plane.

Titanium, 
aerospace and 
3D printing: the 
“ménage à trois” 
continues to 
prosper
If there is one market for CRAs that is bristling with invention 
and creativity, it is the aerospace industry. Attempts to make 
air travel more effi cient and more comfortable are bearing fruit 
thanks to notable advances in manufacturing, including robotics 
and especially 3D printing. Signifi cant developments include the 
introduction of electric aeroplanes, especially for short journeys; 
new aircraft designs; the proliferation of drones; and growth of 
the space sector.

By James Chater

Boom!
Despite the short-term disruption caused 

by the coronavirus, in the long term the aer-
ospace industry is likely to continue its rapid 
growth. Boeing’s continuing problems with 
its 737MAX has dented the company’s profi t-
ability, but it has many interesting products 
in the pipeline and a sizeable backlog. Airbus 
had to discontinue its commercially unsuc-
cessful A380 “jumbo” jet, but it has shrugged 
this off  with soaring profi ts and a host of 
successful products over the whole range of 
the aerospace spectrum. North America and 
Europe continue to play a leading role, but 
China is growing faster, with India not far be-
hind. The aviation boom has created some 
unexpected newcomers: Spain is now com-
peting with other European countries, and 
Morocco’s aerospace sector is expanding by 
a spectacular 18% per year (1).

Commercial aircraft

The latest addition to Airbus’s single-aisle 
aircraft is the A220 family, which aims to 

increase performance and customer com-
fort in the 100- to a 150-seat market and is 
designed to complement the longer-range 
A320. Production of the A220 began in Au-
gust 2019, and the company is rapidly ex-
panding its Alabama-based facility to boost 
production of both aircraft. The A220 is 
powered by twin Pratt & Whitney PurePow-
er PW1500G geared turbofan engines. 

In 2019 Airbus sold 796 of its A320neo, 
almost eight times more than any oth-
er aircraft type. The A320 and A320neo 
(with a new engine) combined is one of 
the most commercially successful aircraft 
ever. A new, automated fuselage assembly 
line recently opened in Hamburg, with 20 
robots. The A320neo family feature new en-
gines by Pratt & Witney and sharklets, which 
reduce fuel consumption by 15% fuel, rising 
to 20% by 2020. Toulouse will benefi t from 
the A320 family’s success, with the addi-
tion of a digitally enabled A321 line. In June 
Airbus launched its A321XLR – the longest-
range type in the A320 family. Expected 
to come into operation in 2023, it will 
open new worldwide routes and extend 
trans-Atlantic travel.

Airbus’s wide-body airliner, the A330neo, 
features new-generation engines and a 
high-span wing to improve aerodynamics. 
The wing pylons are made of titanium pylon 
and the nacelle of composites. 

Among larger aircraft, and despite prob-
lems with its 737 MAX, Boeing was able 
to unveil its Boeing 737 MAX 10, which 
made its debut in November. The largest 
variants of the 737 family, it seats up to 

230 passengers and off ers the lowest seat-
mile cost of any single-aisle aeroplane 
ever produced.

Following the withdrawal of its A380, 
the Airbus A350 XWB is now its largest 

commercial aircraft. It combines carbon 
composites (53%), titanium and mod-
ern aluminium alloys, and is fi tted with a 
Trent XWB engine from Rolls-Royce. It 
is likely to be rivalled by Boeing’s 777X, 

 Titanium has both high strength and low 
density, allowing it to be used to reduce the 

weight of an aircraft without sacrifi cing the 
aircraft’s structural integrity.
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  Research Organisation (ISRO), after 
  craft.

›
  The Chandrayaan-1 was the fi rst Indian lunar probe under the Chandrayaan 

program, launched 22 October 2008. Midhani supplied titanium alloys for the craft’s 
Moon Impact Probe.

›
  Boeing is building the Space Launch System (SLS) core stage for NASA’s Artemis I mis-

sion. SLS is the only rocket that can carry the Orion spacecraft and necessary cargo beyond 
Earth orbit in a single mission.  Photo: NASA.

›
  The SpaceX Starship.

which will be the world’s largest twin-jet 
aeroplane. Its maiden fl ight was com-
pleted on 25 January. It has a carbon-fi bre 
composite wing and the most advanced 
commercial engine ever built, GE Aviation’s 
GE9X.

New designs

The last ten years or so have seen the 
development and introduction of a new 
generation of more effi  cient, quieter planes. 
They all make use of titanium both to save 
weight – in wing pylons, fasteners, seats – or 
to withstand the ever-higher temperatures 
and pressures of jet engines. Will this rate 
of innovation continue? Looking at what is 
on the drawing board, the answer has to 
be a resounding “yes”. Supersonic fl ight is 
set to make a comeback, almost two dec-
ades after Concorde was retired. Several 
projects exist, the most mature being the 
Boeing-Aerion AS2, a business jet seating 8 
to 11 passengers, which will fl y at Mach 1.4. 
The aircraft will be made of carbon fi bres 
(fuselage, wings, engine nacelles, tail), 
aluminium, steel; titanium will be ap-
plied in the wing leading edges to protect 
against erosion.

Another idea whose time has come is 
the BWB (blended wing body). In this type 
of aircraft the body and wings structures 
are merged, with no clear dividing line 
between them. The structure is designed 
to reduce the wind drag and would 
reduce fuel consumption by around 20%. 
The concept has been around since the 

1920s, and recently NASA took it up, and 
Airbus is hoping that its BWB design can 
replace the A320neo family. Its MAVERIC 
design, launched in 2017, took to the skies 
in 2019. 

E-planes

A promising development, especially for 
air taxis and urban travel, is the electric 
and hybrid aeroplane. Progress is ham-
pered by the weight of the lithium-ion bat-
teries, which have a far heavier energy/
weight ratio than jet fuel. So whereas long-
distance fl ights and larger aircraft are still 
off -limits to electric and hybrid aircraft, 
shorter distances are much more easily at-
tainable. It could well be that the future of 
aviation lies in more fl ights made by smaller 
aircraft and fewer if any made by larger 
ones. However successful, electric and hy-
brid are likely to face stiff  competition from 
next-generation jet engines such as the 
Rolls-Royce UltraFan. Currently being devel-
oped at Bristol, it will be signifi cantly lighter 
thanks to titanium-reinforced carbon-fi bre 
fan blades and a composite housing. It will 
reduce fuel burn and CO2 emissions by at 
least 25% compared to the fi rst Trent en-
gine. It is due to enter into service in 2025. 

About 90 electric or hybrid projects 
have existed – starting in 1883! – but the 
fi rst commercial electric aircraft is prob-
ably the magniX, which made its inaugu-
ral test fl ight in Vancouver in July. Sweden 
is investing heavily in infrastructure to 
make electric aviation viable. Airbus has 
teamed up with Rolls-Royce and Siemens 
for the E-FanX project, a hybrid plane. 
Boeing has fl ight-tested its all-electric au-
tonomous (unpiloted) passenger air vehicle, 
which aims to provide a new model for ur-
ban mobility.

Drones

Drones are another relatively new area 
in which titanium is applied, often with 
3D printing. Recent examples include Air-
bus’s Skyway (trialled from March 2019); 
Titomic’s XXL machine (extra large), made 
by cold-spraying titanium particles onto 
the printing medium at very high speed to 
fuse them together. Another example is a 
unique product from Renishaw, a Mach 
0.8 rocket-powered drone with very thin ti-
tanium walls that can withstand very high 
pressure. Combining very light weight with 
very high speed, the rocket could be used to 
collect meteorological data.

Space 

Numerous space projects are under de-
velopment with the help of the private 
sector. Titanium is well established in 
spacecraft, having been used since the 
early Mercury and Apollo programmes. 
Airbus’s satellites have brackets that are 
3D-printed in titanium by EOS. These 
brackets connect the body of the satel-
lite to its refl ectors and feeder facilities. 
They provide insulation and must 
withstand a temperature fl uctuation be-
tween -180 and 150°C. An uncrewed Orion 
spacecraft being developed by NASA in 
2018 was installed with a protective heat 
shield to withstand temperatures nearing 
5,000° Fahrenheit during its re-entry into 
the earth’s atmosphere. Naturally, titanium 
was specifi ed. 

Titanium has long been applied in rock-
ets, but 3D printed titanium is enabling 
more fuel-effi  cient designs. For exam-
ple, New Zealand-based Rocket Lab built 
a rocket engine that uses electric motors 
to drive the turbopumps. These pumps, 
together with the cooled thrust cham-
ber, the injector, the pumps and the main 
propellant valves, were all 3D-printed 
in titanium.

By far the most ambitious space pro-
jects are those of Elon Musk’s SpaceX 
company. The company has scored many 
fi rsts, including the successful deployment 
of a reusable launch system. Its fl agship 
project is to colonize Mars. This involves 
landing uncrewed cargo ships in 2022 and 

sending four additional ships in 2024 in-
cluding the fi rst people. Crucial in this 
eff ort will be Starship, a fully reusable 
second-stage and space vehicle. It will be 
powered by Raptor, a new family of meth-
ane-fueled full-fl ow staged-combustion 
cycle engines, which, though complex to 
construct, should produce fuel savings. 
Elon Musk is not noted for favouring ti-
tanium for the structural components of 
his spacecraft, even changing the design 
of the giant grid fi ns on the Falcon 9 from 
aluminium to titanium before settling on 
welded steel. Similarly, the plans for the 

Starship itself were changed: although the 
original plan was to construct the frame in 
carbon fi bre, in the end stainless steel type 
301 was specifi ed. This was partly to save 
money, but mainly because it is easier to 
weld than titanium and can withstand a 
greater temperature range than carbon fi -
bre or aluminium.
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