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Abstract 
The LHC has 1572 superconducting circuits. Most of 

the time and resources during the Hardware 
Commissioning were consumed by tests of each circuit of 
the collider, the so-called powering tests. The tests 
consisted in carrying out several powering cycles at 
different current levels for each superconducting circuit. 
The number of tests needed for each sector was around 
1500, thus more than 12000 for the whole machine. The 
aim for the 2009 campaign is to minimise the total time 
needed for re-commissioning these circuits before beam 
operation at 5 TeV. This will be done by reducing the 
number of steps needed for those circuits which have 
been already commissioned in a similar way as it was 
done for the second commissioning campaign in sector 4-
5 and by optimising the test planning and execution 
applying the huge experience gathered in the last two 
years of powering tests.  

THE LHC POWERING TESTS 
The core of the LHC Hardware Commissioning was 

formed by the powering tests of the 1572 superconducting 
circuits. The activities carried out for each sector could be 
divided in two main parts: the preparation of the powering 
tests and the powering tests themselves.  

Preparation of the Powering Tests 
Some activities are needed to prepare the powering of 

the superconducting circuits before, during and after the 
cool-down of the sector. The most important ones are: 
• Short-circuit tests of the power converters 
• Electrical quality assurance (ElQA) at room 

temperature 
• On-line ElQA monitoring during cool-down 
• Commissioning of the DFBs at cold 
• ElQA at cold (4.5 or 1.9 K) 
• Connection of the DC cables to the current leads 
• Individual system tests at cold of the quench 

protection system (QPS) 
 
Powering Tests 
   Each superconducting circuit goes through different 
tests steps at different currents (from zero to nominal) 
before being released for beam operation. All the steps at 
a certain current level must be completed successfully in 
order to bring the circuit to higher current. The tests can 
be divided in four different groups (from lower to higher 
current): 

• Interlock tests without current (PIC1) 
• Configuration of the power converter (PCC) 
• Interlock tests with current (PIC2) 
• Tests at different current levels from minimum 

stable current till nominal (P2N) 

• Powering groups of circuits (PGC) 

2008 POWERING TEST CAMPAIGN 
During the powering test campaign carried out from 

March till September 2008, 11122 tests were successfully 
carried out in the superconducting circuits of the eight 
LHC sectors. This represents more than 98% of the total 
tests planned and was essential for the successful 
injection tests done in august and the first circulating 
beams on September 10.  

Lessons Learnt: Strategy 
We extracted many lessons from the intense months of 

hardware commissioning last year. The most interesting 
ones in view of the future powering tests are the 
following: 
• There is not an important difference between the 

time needed for commissioning the machine at 7, 
5.5 or 4 TeV, except for the training quenches 

• Commissioning up to a more conservative energy 
(3 or 4 TeV) will not make us save powering time, 
however, we have large experience in all the 
sectors below 5 TeV. This may reduce the risks 
and relax the planning and consolidations needs 

• It is very important to know the parameters 
required for beam optics, such as the current ramp 
rate and acceleration, before starting the tests in 
order to ease the handing over of the circuits to the 
machine check-out team 

• Commissioning of the matching sections and the 
inner triplets can be done in the shadow of the 
circuits in the arcs. Hence, full priority during the 
powering tests preparations must be given to the 
arcs. 

Lessons Learnt: Efficiency 
In average, when several sectors are in powering test 

mode we are able to use around 60% of the total time 
with operational cryogenic conditions. The rest 40% (time 
without tests going on) is mainly due to interventions 
needed in the tunnel and patrols. These figures can be 
improved if some measures are taken into account: 
• When many interventions are required in the 

tunnel, these could be concentrated in normal 
working hours and use night/weekend shifts when 
necessary. This will reduce the number of patrols 
required and optimise the number of hours spent 
by experts in the control room. 

• Automation of tests and analysis has been essential 
for reaching the target test rate. This has to be kept 
and improved wherever possible. 

• Parallelism constraints and feasibility are now very 
well understood. As many fronts as possible should 
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be active during normal shift operatio
safety (i.e. access control) is not compr

• The Avis d’Intervention document (
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managing the intervention and tests go
tunnel. 
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2009 POWERING TEST CAMP
Status of the Sectors before Powering 

One of the main differences between last y
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2007 all the sectors were warm and no circ
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cryogenic conditions, hence, the circuits 
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dispersion suppressor quadrupoles in s
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Access Conditions during Powering T
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It is important to point out that most of t
(around 80%) are done at currents below
Figure 1). The decision on the maximum cur
which access to the tunnel will be permitted w
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Figure 1: Number of tests do
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Organisation of the Hardware C
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• Existing (updated) powering procedure: one 
document per circuit type, and 

• For each sector: a document listing the steps to be 
applied or skipped for each circuit and a document 
with the sector specificities (special circuits) 
 

CONCLUSIONS 
The Hardware Commissioning team has already a large 

experience on preparing and executing the powering tests 
of the LHC superconducting circuits. The main goal for 
the 2009 campaign is to recover as soon as possible the 
performance level reached during summer 2008 while the 
last sectors were being prepared for the beam 
commissioning. 

There are some open questions that need to be solved as 
soon as possible such as the new access conditions during 
the powering tests, the target energy at which the machine 
has to be commissioned this year, the new powering 
procedures to be applied, the available manpower for the 
commissioning shifts, etc. If no major unexpected issues 
are encountered we are confident on having the eight 

sectors commissioned and ready for beam injection by 
September 2009 as planned. 
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