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Hardware 
Commissioning

Hardware Hardware 
CommissioningCommissioning

After the qualification for qualification for 
operation of the individual operation of the individual 
systemssystems of a sector (vacuum, 
cryogenics, quench protection, 
interlocks, powering, etc.), 

each sector will be each sector will be 
commissioned as a wholecommissioned as a whole up 
to the powering to nominal 
current of all the circuits.

Validation and specific studiesValidation and specific studies
will be carried-out on the first 
commissioned sector.
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the contextthethe contextcontext
LHC works

tim
e
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the contextthe contextthe context

QRL Installation

QRL Commissioning

Machine Installation

Hardware Commissioning
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ubiquityubiquityubiquity

Hardware Commissioning

Magnet Installation

QRL Tests
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sector testinjection test

milestonesmilestonesmilestones
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two big questionstwo big questionstwo big questions

What do 
we stuff in 
there ?

i-
j

7-
8

2-
3

8-
1

4-
5

3-
4

5-
6

6-
73 months

almost 6 for 7-8 
the first sector

Can we 
avoid this ?
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the contextthethe contextcontext

December 2006

March 2005

run all machines 
including LHC

October 2004

April 2006

SPS stop

From the AB-OP 
point of view
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the phasesthe phasesthe phases
individualindividual systemsystem teststests

systemsystem ownersowners
definedefine & & carrycarry--outout

hardware hardware 
commissioningcommissioning
team team ensuresensures

•• WhatWhat teststests
•• thethe proceduresprocedures andand thethe sequencesequence

•• HowHow
•• whatwhat conditions are conditions are requiredrequired to to startstart
•• whatwhat conditions conditions determinedetermine itit isis

finishedfinished
•• whatwhat conditions are conditions are requiredrequired duringduring

thethe teststests

CONTROLSCONTROLS
is it a system is it a system per seper se ??
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controls and individual system testscontrols and individual system testscontrols and individual system tests

Like for all other systems, parts of the 
control system can profit from the 
individual system test scheme

Timing
Communications (fieldbuses, networks, etc.)
Interlocks
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the phasesthe phasesthe phases
hardware hardware commissioningcommissioning

•• WhatWhat teststests
•• thethe proceduresprocedures andand thethe sequencesequence

•• HowHow
•• whatwhat conditions are conditions are requiredrequired to to startstart
•• whatwhat conditions conditions determinedetermine itit isis

finishedfinished
•• whatwhat conditions are conditions are requiredrequired duringduring

thethe teststests

thethe hardware hardware commissioningcommissioning
team team definesdefines & & carriescarries--outout
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the layoutthethe layoutlayout

sectorsector 77--88

Subsector
including the 
circuits at 
room 
temperature 
in R7

Arc Subsector 78 Matching 
Section 
L8

Inner 
Triplet 
L8
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the circuitsthethe circuitscircuits

sectorsector 77--88Circuit Name Powering 
Subsector

1 RB.A78.UA83 CIPCA.L8
2 RQD.A78.UA83 CIPCA.L8
3 RQF.A78.UA83 CIPCA.L8
4 RCD.A78B1.UA83 CIPCA.L8
5 RCD.A78B2.UA83 CIPCA.L8
6 RCO.A78B1.UA83 CIPCA.L8
7 RCO.A78B2.UA83 CIPCA.L8
8 RCS.A78B1.UA83 CIPCA.L8
9 RCS.A78B2.UA83 CIPCA.L8
10 RQ10.L8B1.UA83 CIPCA.L8
11 RQ6.L8B1.UA83 CIPCA.L8
12 RQ7.L8B1.UA83 CIPCA.L8
13 RQ8.L8B1.UA83 CIPCA.L8

119 RQT4.R7.UJ76 WIPC.LR7
120 RQT5.L7.UJ76 WIPC.LR7
121 RQT5.R7.UJ76 WIPC.LR7
122 RBLWH.R8.SR8 WIPC.LR8
123 RBXWH.L8.SR8 WIPC.LR8
124 RBXWSH.L8.SR8 WIPC.LR8
125 RBXWSH.R8.SR8 WIPC.LR8

125 circuits across the subsectors

Circuit 
Name

1 RCBH11.L8B1.C12L8
2 RCBH11.R7B1.C12R7
3 RCBH12.L8B2.C12L8
4 RCBH12.R7B2.C12R7
5 RCBH13.L8B1.C14L8
6 RCBH13.R7B1.C14R7
7 RCBH14.L8B2.C14L8
8 RCBH14.R7B2.C14R7
9 RCBH15.L8B1.C16L8
10 RCBH15.R7B1.C16R7
11 RCBH16.L8B2.C16L8

90 RCBV32.L8B1.C32L8
91 RCBV32.R7B1.C32R7
92 RCBV33.L8B2.C34L8
93 RCBV33.R7B2.C34R7
94 RCBV34.L8B1.C34L8

94 orbit corrector circuits
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String 2 : commissioning of the electrical systemsString 2 : String 2 : commissioningcommissioning ofof thethe electricalelectrical systemssystems

1 Test of all the electrical
circuits one by one

2 Initial commissioning of all
the electrical circuits one
by one and at low current

3 Commissioning of all the
electrical circuits one by 
one up to nominal current

4 Commissioning of the
electrical circuits powered in 
unison to nominal currentP
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Side independently

A

interlocks on water,
switch (if any)
8h operation at Iultimate
mark polarity

As if connected

C protection + interlocks + energy extraction, 
controls for powering, ramp, monitoring

measure RRR 
reference on the fly

300 K

90 K

1.9 K

20 K

Magnet Side
independently

B

insulation & continuity of 
circuits, integrity of 
instrumentation, transfer 
functions of magnets and 
circuits
mark polarity

Hardware Commissioning – CP Workshop - June 13, 2003Roberto Saban, EST Division 14

the rôles during installation & commissioningthethe rôles rôles duringduring installation & installation & commissioningcommissioning

The assemblyassembly of the
individual systems

The individual
system teststests

The hardware 
commissioningcommissioning

The installationinstallation of
the infrastructures

EST-IC

ATAB

ST

ATAB

ATAB EST

ST

ST

ST

the HC 
team

EST-IC

TheThe Hardware Hardware CommissioningCommissioning TeamTeam

responsibility of coordinated by
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HCWG : the mandateHCWG : HCWG : thethe mandatemandate

1.1. defining the commissioning programmedefining the commissioning programme

2.2. coordinating the tests for the coordinating the tests for the 
qualification of the individual systemsqualification of the individual systems

3.3. followingfollowing--up the preparation work of up the preparation work of 
the assemblers and the specialised the assemblers and the specialised 
teams checking their systems teams checking their systems 

4.4. carryingcarrying--out and coordinating the out and coordinating the 
hardware commissioninghardware commissioning

5.5. carryingcarrying--out validation and specific out validation and specific 
studies on the first commissioned sectorstudies on the first commissioned sector

6.6. bridging between hardware bridging between hardware 
commissioning and operation with beamcommissioning and operation with beam

te
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HCWG structure : organized as sub-groupsHCWG structure : HCWG structure : organizedorganized as subas sub--groupsgroups

Assembly & Survey
Cryogenics & Vacuum
Cold Magnets Cryomagnets, Cryogenics, Vacuum, Survey
Warm Magnets Magnets, Cooling & Ventilation, DC Cabling, 

Survey
Controls Signal Cabling, Networking, Fieldbus, Logging, 

Alarms, Post-Mortem, Timing, Supervision, 
Control Room

Powering & Protection Power Converters, Quench Protection, 
Machine Protection, DC Cabling

Beam Instrumentation
Collimators
RF

• Sequentially meet
• Order and frequency 

adjusted to the needs
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program of workprogramprogram ofof workwork

the inventory of individual 
system tests

the vacuum systems, the 
cryogenic systems, the power 
converters, the quench 
protection, the machine 
protection, the injection and 
dump systems, the warm 
magnets, the cold magnets, the 
RF, the cleaning system, the link 
with experiments, the controls 

their schedule

individual system testsindividual system tests
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hardware commissioninghardware commissioning

program of workprogramprogram ofof workwork

the procedures for 
the sub-sectors, 
the sectors, 
the special sectors (RF, 
cleaning, injection, dump) 
the injection lines 

their sequence
the resources
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the boundary conditionsthe boundary conditions

program of workprogramprogram ofof workwork

the safety conditions 
the access conditions
the interference with 
transport, assembly & tests 
the interfaces (inventory)
the conditions imposed on 
every system
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what have we done so far ?what have we done so far ?what have we done so far ?

• Define the context
• Membership
• Assess the situation  

– cryogenics
– transfer tunnels

• A close look at the inner triplet assembly, 
vacuum and electrical quality assurance

First meetings (3)First meetings (3)

Next meeting (Thursday, June 19Next meeting (Thursday, June 19thth ))
• Powering profile
• Individual system tests

– Water cooled cables
– Dump system
– Injection lines


