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Poloidal coils installed

– ahead of schedule!

An important milestone has been reached on
MAST-Upgrade with the re-installation of
four of the largest magnetic coils inside
the machine.
Many of the internal poloidal field coils
on MAST are new – especially around the
upper and lower Super-X divertor. Only
four coils in MAST-Upgrade remain from
the original MAST experiment – the large
mid-plane P4 and P5 (upper and lower)
coils.
But it was not as simple as just leaving
them in the vessel – they were removed
with all the other internal equipment to
enable the interior to be fully stripped
down and cleaned. The coils were also
comprehensively cleaned including a
hydroblast pressure wash. The P5 coils
were then fitted with new flux loops.
Prior to re-installation, a full spatial survey
of the vessel and coil supports and indeed
of the shape of the coils themselves was
undertaken. By the beginning of March (a few
weeks ahead of schedule), all four cleaned
and surveyed coils were re-installed, on
new strengthened coil supports, inside the
MAST-U vessel. A final survey indicated they
were within 0.5mm of their optimum position
– minimising any stray fields when operations commence.
Coil re-installation is an important
milestone – marking in many ways
the beginning of the rebuild of the
tokamak.
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UK industry benefitting
from MAST-U
Over £8 million of contracts for MASTUpgrade hardware have gone to British
firms so far. Oxfordshire-based MachTech is among the UK companies to get
a slice of the pie.
Mach-Tech has supplied high-precision
CNC (Computer Numerical Control)
machining, milling and ancillary services
to hi-tech industries for over 15 years.
During the past year, Mach-Tech has
provided a range of stainless steel
components for MAST-U, such as the
assembly for Baffle Support Rings
pictured.
“We have been pleased to be associated
with the manufacture of items and

assemblies for MAST-Upgrade,” says
Managing Director Neil Tyler.
“At times, satisfying the demands
to supply complex stainless steel
components has been very challenging,
and we have had to lay on extended
shifts to cope. But our facility and team
is very suited to challenging projects of
this nature.”

ensures a good transition from drawing
board to assembly of the tokamak,”
Neil Tyler adds. “It has been great to
be involved in what is not only a world
renowned and cutting-edge project, but
is also a local project for us.”

The firm has worked closely with project
engineers and designers at CCFE –
using 3D CAD files and its own Edgecam
software to generate programs for CNC
machine tools.
“The technology we have invested in

Piece by piece:
Real-Time Protection System
What has a White Rabbit in a
Tardis got to do with MAST-U?
Quite a lot, surprisingly. It’s at
the heart of the Real-Time
Protection
System
that
will prevent the machine’s
magnetic
coils
from
damage.
The White Rabbit is a
data collection gadget
designed to read signals
from the coils and measure the
level of electrical current passing through them
during a plasma pulse. If the current gets too high, the Real-Time
Protection System automatically kicks in – gradually winding down
the power supplies so the pulse can be stopped without harming the
machine.
The system acts within microseconds, requiring no intervention from
the operators in the Control Room, who input the settings and let the
Rabbit do the rest.
It’s all done by FPGAs (Field-Programmable Gate Arrays) – a fast-growing
type of programmable hardware which is being used for an increasing
range of electronics applications in fusion. FPGAs are high-speed

2

chips that give the real-time control over
parameters that experimental devices
like tokamaks need.
This particular version has been adapted
from one used for data synchronisation
at CERN, so MAST-U is getting a device
with tried-and-tested performance in a
‘big science’ setting.
The protection system on MAST-U is a
lot more advanced than on the original
tokamak; with additional power going
into the pulses, a bigger electronic ‘brain’
is needed to keep the tokamak running
safely.
And the Tardis? That’s the name of the
computer room where data from MAST-U
will be collected. It stands for Timing
and Recording Data Interface System.
Disappointingly, there’s no connection
with Doctor Who as far as we know –
though it is bigger on the inside than it
looks on the outside…
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If things had turned out differently, MAST-U’s FPGA Engineer
Stephanie Hall could have spent her days working on physics
before throwing another shrimp on the barbie and doing a spot
of surfing at Bondi Beach. During her Masters course at Exeter
University, Stephanie spent a year studying at Wollongong
near Sydney, and took a liking to life Down Under. But Oz’s loss
is Culham’s gain and she is now playing an important role in
the MAST-Upgrade team, developing machine control systems
(see Piece by Piece opposite).
“I really enjoyed my time in Australia, and I have some great
memories, like making a road trip up the east coast to Cairns in
an old camper van that kept breaking down,” she says. “But I
think I’d miss my family and friends too much to move out there
for good. It’s a shame Oxford’s so far from the sea, though – I
don’t get much chance to surf these days.”
Leaving Exeter, her next move came down to a choice between
fission and fusion – EDF versus Culham. “I decided to go
with the up-and-coming technology and joined the graduate
scheme at CCFE,” Stephanie explains.

to work on projects with weird names! From SNIF – the Small
Negative Ion Facility – to ‘Monte Carlo’ particle simulations,
and then on to the White Rabbit and Tardis at MAST-Upgrade.”
Her placement in data acquisition and FPGAs (FieldProgrammable Gate Array chips – see opposite) was the
highlight, and when a permanent job in that area came up on
MAST-U, she jumped at the chance.
“FPGAs are really taking off right across hi-tech industry, so it’s
a good field to be in. I particularly like it because you can see
the results of your work straightaway. If the LED flashes on the
circuit board you know it’s worked.
“There aren’t many people at CCFE with knowledge of FPGAs
yet, so it was a bit scary when I first got the job, but fantastic
to have the responsibility so early in my career. It’s exciting to
be involved in a world-renowned project like MAST-Upgrade
and develop my skills and challenge myself at the same time.”

The graduate placements at Culham gave her a broad range
of experience but had one thing in common: “I always seem
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l room
New MAST-U contro
will set pulses racing
The MAST-Upgrade operations team can look forward to a more
spacious working environment now that a brand new control room has
been created at the northern end of the D1 building.

Just a few short weeks after work started, the overall structure
of the two-storey space had emerged, and by the end of
March the area was fitted out ready for the computers and
workstations to be set up.
In extending the capabilities and complexity of MAST during
the major upgrade campaign, it was always recognised that
the old control room would not be fit for purpose. The new
room is around four times bigger, giving MAST-U scientists
and engineers much more space and flexibility to operate
the new machine. For visitors to the facility, there is now an
upstairs gallery offering a ‘grandstand’ view down into the
nerve centre of operations.

CCFE physicist Nizar Ben Ayed managed the Control Room
project, and the hard work of his team and the contractors paid
off as the area was completed on time and on budget. He said:
All the way through design and construction phases,
the team effort has been truly outstanding, the work rate highpaced, and the support from within site – and beyond with our
contractors – crucial in overcoming the many challenges of
construction. Though too many to cite, I would personally like
to thank all those who have played a part in securing, designing
and delivering this fantastic asset.
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