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The challenges facing the Space Industry are growing expo-
nentially as missions become more complex, government 
investments in space are being reduced, and new commercial 

ventures including public-private partnerships are emerging as the 
new realities for space travel and exploration. Siemens PLM Software 
is enabling government agencies, industry and academia to answer 
these challenges by providing a comprehensive software portfolio that 
integrates virtually the total endeavour from design and engineering 
to simulation and testing and then final assembly and launch. This 
integrated software environment can synchronise all functions and 
disciplines and minimises technical and assembly risks, which in 
turn increase the probability of mission success. Additionally, the 
integrated environment captures and retains all critical design and 
engineering knowledge so that the design of future spacecraft and 
missions can be more reliable, more cost competitive and the cycle 
time to develop, assemble and launch them can be further reduced.

SpaceX

There was the launch and successful berthing of the first commercial 
spacecraft, by SpaceX, with the International Space Station. This com-
mercial space venture, which is just over 10 years old, established a 
new industry benchmark for the cost of payload-weight-in-orbit that 
is substantially more cost competitive than established standards. 
This team, utilising the latest products from Siemens PLM Software 
including the newest technology addition to the portfolio that helps 
optimise the design and manufacturing of composite materials, was 
able to achieve its first berthing with the International Space Station 
in May, 2012. This success has positioned SpaceX to be one of the 

primary companies to provide a re-supply mission service to NASA 
to the ISS for the foreseeable future as well as commercial launch 
services for other space-based telecommunications satellites and 
research companies.

NASA JPL Curiosity

On 6 August 2012, the NASA JPL Curiosity Mars Science Laboratory 
(MSL) successfully landed at Gale Crater on Mars after an eight and 
half month journey that culminated in the ‘Seven Minutes of Terror’, 
a rapid deceleration from 13 000 mph when first entering the Mars 
atmosphere to just 2 mph when it was finally lowered to the surface 
of Mars from a ‘skycrane’. Every phase of this extremely demanding 
mission was simulated by JPL engineers in a 3D digital model using 
solutions from Siemens PLM Software. This allowed engineers to ex-
haustively assess the cumulative effects of all of the forces impacting 
the MSL during the final descent as well as throughout the two-year 
mission to assess the Mars environment for conditions that would 
favourably support the building blocks of life. Initial estimates of all 
forces and loads: Thermal, mechanical and aerodynamics, both static 
and dynamic based on prior missions to Mars, prototype testing in 
the laboratory and in tests in the desert thereby enabling numerous 
design iterations and overall mission optimisation.

The software suite offered the NASA JPL engineers a number 
of significant advantages in addition to being a comprehensive, 
highly integrated suite that could minimise risks throughout the entire 
project. Improvements in the CAD modelling module greatly reduced 
the time to build 3D digital models of the Rover. Performance of the 
Thermal Protection System was crucial to the success of the mission 
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not only during the entry, descent and landing, but throughout 
the entire mission when the very sensitive instruments were exposed 
to the harsh climate on Mars, which can range from -150ºC to +50ºC 
and the instruments on Curiosity are an order of magnitude more 
sensitive to temperature gradients than instruments sent on previ-
ous missions to Mars. 

Finally, tailored Motion Simulation for Rover was able to pre-
clude potential collisions between the mast and boom and ensure 
all cameras had optimum fields of view to successfully perform their 
intended mission. 

Since the flawless landing on 6 August, the NASA JPL engineers 
have tested the manoeuvrability of the Rover, all of the ten scientific 
instruments that will measure the atmosphere and geological struc-
ture of the planet, and the robotic boom. At this time the cameras 
produced some amazing pictures. 

The Rover has moved over several hundred metres on its way 
to the first geological formation for scientific investigation and the 
seven-metre robotic has gathered the initial samples from the surface 
of Mars for analysis. 

Preliminary assessments of the surface have concluded that 
there is material on the surface that clearly resembles the ash found 
around the base of volcanoes on Earth and there are rocks and pebbles 

that show signs similar to rocks that have been polished by flowing 
water on Earth. The two-year mission will cover as much as 20 km 
and include a journey to Mount Sharp where the Rover is expected 
to analyse samples that will enable the scientists at NASA to trace 
the geological history of Mars back to its beginning.

A view of Mount Sharp from Curiosity (page 46) that highlights 
some of the physical characteristics that will be explored during the 
next few months. The scientific analysis equipment on the Curiosity 
will be used to breakdown each sample and then the results will be 
electronically transmitted back to Earth.

University of Leicester (UoL), England

In Europe, the University of Leicester in the United Kingdom is us-
ing these software products to design and manufacture instruments 
for NASA’s James Webb Telescope that will be launched in 2018 to 
replace the Hubble Telescope and is also designing instruments for 
future ESA missions. 

Core members of this software suite, NX and ‘Teamcenter’, 
are used to span the entire design, engineering and manufacturing 
process, ie CAD, CAE, CAM and PDM which improve overall team 
productivity as well as minimise process risks. 

* All photographs courtesy NASA/JPL-Caltech.
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Khrunichev Russian Space Centre (RCS)
The Russian Space Centre is also utilising this technology to inte-
grate and coordinate design and launch operations in six different 
regions across the former Soviet Union. In this case teams at differ-
ent sites collaborate on the creation of 3D models of spacecraft and 
launcher and then use the same models to manage manufacturing 
processes as well as final assembly and test. Additionally, RCS has 
implemented Siemens Tecnomatix to digitally simulate and optimise 
production operations to reduce production cycle time and improve 
overall productivity.
Russian space centres

•	 Polyet	Production	Facility	(Omsk)
•	 The	Armatura	Design	Bureau	(Kovrov,	Vladimir	region)	
•	 Chemical	Engineering	Design	Bureau	(Korolev,	Moscow	region)	
•	 Khrunichev	Telecom	(Moscow)
•	 Space	Systems	Institute	(Korolev,	Moscow	region)	
•	 Voronezh	Mechanical	Production	Facility	(Voronezh)	
•	 Chemical	Automation	Design	Bureau	(Voronezh)	
•	 Proton	PM	(Perm)

With several contracts recently awarded by NASA, the future for 
commercial space ventures looks very bright. And with the ability 
of PLM technology to model and simulate every phase of the most 
demanding missions before the first prototype is built, space agen-

cies and private companies can leverage this software technology to 
eliminate costly mistakes and improve the probability of mission as 
well as venture success. 

For more ambitious missions like a manned mission to Mars, 
international cooperation and collaboration will be crucial. This point 
was stressed by NASA leadership at the Farnborough Air in July, 
2012 when industry leaders were challenged to improve international 
collaboration. 

In this area as well, this software has already demonstrated its 
unique ability to facilitate secure, virtual global collaboration. In one 
case, for example, its software is being used to securely and efficiently 
synchronise a global coalition of corporations and government fa-
cilities to design, test, assemble, field, and support a family of the 
most advanced aircraft ever developed in nine different countries 
and 140 sites. 

A total of 6 500 designers, engineers and production specialists 
work with a single synchronised 3-D model of the three different 
variants of the aircraft. 

30+ integrated product teams are able to work independently 
knowing that every design change and configuration change is 
managed by a highly integrated set of workflows and processes that 
transcend corporate and geographic boundaries. 

Moreover, sensitive and proprietary data is only shared in accord-
ance with ITAR standards so that only those with a 'need to know' 
have access to the information.

Above: This image taken by the Mast Camera (MastCam) on NASA's Curi-
osity rover highlights the interesting geology of Mount Sharp, a mountain 
inside Gale Crater, where the rover landed.

Left: A view of Curiosity's deck showing a plaque bearing several signatures 
of US officials, including those of President Obama and Vice President 
Biden.
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How will efficient international collaboration impact 
future joint space missions?

Team multi-site and multi-discipline collaboration can now occur 
virtually across the entire mission platform including all sub-systems, 
instruments and structures regardless of the location of the design 
teams. 

Collaboration can be synchronous and asynchronous with no 
compromising of quality control and engineering discipline. Trade-
offs in space, weight, power, thermal protection, etc can be far more 
inactive thereby optimising total platform performance while satisfy-
ing strict weight and volumetric constraints. The results of current 
international collaborative programmes have confirmed that the 
capacity and functionality to handle the most complex programmes 
and teaming arrangements.

Conclusion

With long-term data retention, future missions can benefit from the 
lessons learned from past missions either from empirical test data 
on prototypes or real instrumented results from actual missions. 
Additionally, the expanding use of composites will permit future 
spacecraft to be far more weight efficient. 

Finally, the reusable launchers and spacecraft can benefit from 
a more rigorous approach to product support that can be achieved 
with a Product Lifecycle Management suite which can better assess 

the need for major maintenance, enhancements and upgrades and 
then efficiently implement these improvements at the right time for 
the least cost.
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NASA's Curiosity 
rover used the Mars 
Hand Lens Imager 
(MAHLI) to capture 
a set of 55 high-
resolution images, 
which were stitched 
together to create 
this full-colour self-
portrait. The mosaic 
shows the rover at 
‘Rocknest,’ the spot 
in Gale Crater where 
the mission's first 
scoop sampling took 
place. Four scoop 
scars can be seen in 
the regolith in front 
of the rover. The 

base of Gale Crater's 3-mile-high (5-kilometre) sedimentary mountain, 
Mount Sharp, rises on the right side of the frame. Mountains in the 
background to the left are the northern wall of Gale Crater. The Martian 
landscape appears inverted within the round, reflective ChemCam instru-
ment at the top of the rover's mast.

Curiosity ‘speaks’. The artist's animation depicts how NASA's Curiosity 
rover will communicate with Earth during landing. As the rover descends 
to Mars, it will send out basic radio-frequency tones that go directly to 
Earth. NASA's Odyssey orbiter will then relay more complex UHF radio 
signals from the rover to Earth. 


