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State

Comments

Cooling down
Individual system tests ongoing

Cooling down to 4.5K. Electrical quality assurance expected to
start in 2 weeks

Commissioned for the first time beginning of this year. Being
cooled down after consolidation work and the connection of
the inner triplet left of Point 5

Dipoles commissioned to 6.58 TeV. Almost all other circuits are
compatible with 7 TeV operation. The sector was handed over
to operation.

Cooling down to 2K. Electrical quality assurance started.

Commissioned for the first time last year. Second
commissioning almost completed after consoldiation work and
the connection of the inner triplet left of Point 8

Powering tests ongoing
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the sectors of LHC
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The LHC is
composed of

* eight electrically
independent
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the sectors of LHC

Point 5

Point 6

1. The short circuit tests
2. Warm components

3. Superconducting circuits

MOPC118 Coordination of the

Commissioning of the LHC
Technical Systems

ALICE

This permitted the independent commissioning of each one of the eight sectors.
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the short circuit tests
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18 kV for the dipole circuits
400 V for all other circuits
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The objectives

the validation of the warm part of the superconducting

circuits from the 18 kV and 400 V AC feeds down to the
water and air-cooled cables before their connection to

the superconducting elements
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the short circuit tests

="
S MOPC103 Short Circuit Tests: First Step of B.Bellesia

LHC Hardware Commissioning _
AN AR Completion
Q)

18 kV for the dipole circuits
400 V for all other circuits

1 —
]] UPS for all converters The objectives
PC

above 4 kA

the validation of the warm part of the superconducting
circuits from the 18 kV and 400 V AC feeds down to the

UA, UJ, RR : . :
water and air-cooled cables before their connection to

DCCT the superconducting elements

h The results

iR LR e the verification of the individual and global thermal
DFB with current leads ’ aspects, the verification of the interlocks and the
calibration of the power converters

. |
2 % G

Short Circuit
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the short circuit tests
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the short circuit tests

signal cabling errors

loosely bolted power cables leading to poor quality
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the short circuit tests
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the circuits of a sector of LHC
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13 circuits 14 circuits 157 circuits 6 circuits

Totalling 190 circuits
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the circuits of a sector of LHC
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the superconducting circuits of LHC

Sector
Cixcuut Typse 12 [2-3 [3-4]|45|56|6-7| 7-8 |8-1| -HC
13 kA 3 3 3 (3] 3] 3 3 3 | 24
Indipendently Powered Dipoles 3 y ) 3 1 0 7, 3 16
Indipendently Powered Quadrupoles 14 7 5§ |13 |42 | 5 7 14 78
600A with Energy Extraction 23 27 28 | 24 | 23 | 27 27 23 | 202
600A Energy Extraction in Converter 14 20 | 201 14 | 14 | 20 20 14 | 136
600A no Energy Extraction 16 9 p) 9 9 p) 9 16 72
80-120A Correctors 50 37 22 | 33| 33| 22 37 50 | 284
TOTAL 123 |105 (83 |99 |95 (79 |105 (123 | 812
Sector
Circuit Type 12 (23 [3-4]45|56|6-7]| 7-8 | 8-1| -HC
60A Closed Orbit Correctors 04 94 | 94 | 94 | 94 | 94 | 94 94 | 752




Procedures

the validation of the protection
strategies under the different
failure scenarios

forced energy extractioL,
a provoked quench,

a Fast Power Abort
triggered by the interlock
system,

a powering failure of the
converter,

a Slow Power Aboirt
triggered by the interlock
system) and L

the evaluation of the proper
behaviour of the magnet chain,
the current leads and the power
converters during a normal LHC
ramp and steady state.
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The objectives are: :
1. the validation of the protection
strategies under the different
failure scenarios
a. forced energy extractiop,
a provoked quench,
b. a Fast Power Abort
triggered by the interlock
system,
c. —a powering failure of the
converter,
d. a Slow Power Abolrt
triggered by the interlock
system) and

2. the evaluation of the proper

behaviour of the magnet chain,
the current leads and the power
converters during a normal LHC

ramp and steady state. |
|
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The objectives are: :

1. the validation of the protection
strategies under the different
failure scenarios

a. forced energy extractioL,
a provoked quench,

b. a Fast Power Abort
triggered by the interlock
system,

c. —a powering failure of the
converter,

d. a Slow Power Aboirt
triggered by the interlock
system) and

2. the evaluation of the proper
behaviour of the magnet chain,
the current leads and the power
converters during a normal LHC

ramp and steady state.
|
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automation of procedures
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Procedures : What are we doing better?

=" Optimisation of test procedures
Automated sequences first tested in Sector45

Sequences optimised for subsequent sectors
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computer assisted analysis
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Analysis : What are we doing better?

Increasing automation of test tools N
» During a discharge analysis, a simulation of v

the circuit allows a rapid assessment of the
result
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Analysis : What are we doing better?

Increasing automation of test tools
During a discharge analysis, a simulation of

the circuit allows a rapid assessment of the

result
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Analysis : What are we doing better?

20

Increasing automation of test tools

During a discharge analysis, a simulation of
the circuit allows a rapid assessment of the

result
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Actions : Show NCR Report Search: Equipment | Location | Slot | Sys

S — ; Slot Identifier: RB.A56 -
& EIQA Other Idenh'ﬁer_: : o
& Energy Extraction Description: Main Dipole Circuit
Power Cables E
Power Converters B
@ Powering Interlock Controller [ main IO 1stallation & Commissioning Y Operation { Non-conformities { Documents Y History

Quench Protection

B2y RCBCH10.L6B2 - Superconducting 120 A Co External Links
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EC) RCBCHS LEB? - Superconducting 120 A Corr Property |Nominal Value|Value |Unit
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PR g : g1 2 ' I_AVER_PLI1_A2 A
CBCH9.L6B1 - Superconducting 120 A Corr I_AVER_PLIZ_A2 A
» RCBCHY.R5B1 - Superconducting 120 A Con I_AVER_PNO_A4 A
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: : PCFLT_SLOWPA_PLI2_E2 NO_PC_PERMIT =

Automated recording but also manual data entry
Provides data for analyis tools
Ensures perennity of data
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access control

~ Access control is activated as soon as the cool down of a sector starts
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access control
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—  Access control is activated as soon as the cool down of a sector starts
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Design to Operation

TUPC129 The LHC Access System:

from T.Pettersson

access control

~— Access control is activated as soon as the cool down of a sector starts
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electrical safety
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electrical safety
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electrical safety
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the organization

June 23rd, 2008 Roberto Saban - EPAC '08 Genova Y174




the organization

=T

‘Deployed for 4

fronts in parallel et

Charge Protection Team = Protection Team

Operator : i — InterlockTeam = —
= xnm i T l . — ._ : ; . . . ._--,H-I»-\."_-'_:. -:_-; 28
I 1 ‘ ) I‘ II I ¥ | I : '5% - = i

St

June 23rd, 2008 Roberto Saban - EPAC '08 Genova




additonal resources: the project associate programme
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RESOURCES FOR THE INDIVIDUAL SYSTEM
TESTS AND THE HARDWARE
COMMISSIONING OF THE LHC

PART 1: THE COMMISSIONING OF THE SUPERCONDUCTING MAGNET
CIRCUITS AND THE ASSOCIATED TECHNICAL SYSTEMS
Abstract

It 1s expected that the hardware commissioning will be dorminated by the commissaoning
of the very complex powering system for supsrconducting magnets and its assocated
infrastructure. Time and investrent for addtional personnel will be mainly spent for
this actrvity.
This docurnant presents the resources identified for a commissioning scenario
restricted by a number of assumptions: in particular, the parallel commessoning of
two sectors around an even point -not more and not less- and the staggered
commissioning of an addtional set of two sectors where the cool down follows the
powering tests of the first set (see page 4).
However from the data presented in this document, it is possble to derive the
resources neaded for a different scenano when some of the restrictions are hifted or
relaxed.
The present version of the document reports the resources required when the
staggered commissioning of two sets of two adjacent sectors where only the
powering tests do not overlap is carried-out (13 months schedule).
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WEPDO029 Performance of the Main Dipole
and Quadrupole Magnet Circuits

of the LHC

The mandate of the Hardware
Commissioning Team to nominal
current for operation at 7 TeV

After the confirmation in two
sectors that a current level
(8500 A) corresponding to 5 TeV
could be reached without any

A.Verweij

the strategy

A ' . 12000 -
training quench in the dipole = >
circuit, this was adopted as the £ 11500 1 %‘
baseline for the other. sectors. S 100D 6.54%
e 4
) £ 10500 — =
It was however decided to © —+—545 —=-S56 5
continue with the training 10000 - _j d
quenches in Sector 56 to SE gl S
confirm the number of quenches
needed to train a full sector to 9000 , 5.34
0 10 20
7 Tev. Quench number
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cool down

4

sectors below 2 K
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a training quench and it’s propagation

"« Natural quench in A22R4 at 9859 A

* 4 magnets quenched (3 propagation quenches)

Magnet|Cryogenic| Local time |At quench|l quench |E [MJ]
cell [s] [KA]

A22R4 21R4 16:50:34.947 9.859 | 4.957

B22R4 21R4 16:51:24.679 | 49.732 6.011 1.843

C22R4 21R4 16:52:07.532| 92.589 3.829 | 0.748

C21R4 19R4 16:52:41.798 | 126.855 2.644 | 0.357
Total 7.905
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training quench characteristics
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training quench characteristics
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training quench characteristics

WEPDOO7 Detection and Location of D.Bozzini
— Electrical Insulation Faults on
T | the LHC Superconducting
" - | Circuits during the Hardware
. Commissioning
o WEPDO18 Commissioning of the LHC K-H.MeB
. Current Leads
i WEPDO10 Electronic Systems for the R.Denz
| = Protection of Superconducting
1 e e Devices in the LHC
| ‘3*10‘”5 mmw TUPC134 Commissioning of the Energy K-H.MeB
{ = Extraction Facilities of the LHC
Machine
| 100 A/s | w i




hydraulic aspects
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| FGC Spy 4.8

RQD Circuit discharge in the energy extraction system and Quench from 6.5 kA
June 21, 2007
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Tracking between main circuits
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powering groups of circuits
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the simultaneous powering of the arc and the two matching sections (LR5 and ML6) up to nominal
current: 165 circuits (176 power converters) powered together up to 5 TeV equivalent current
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::.. \ the superconducting circuits but also all the other systems
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the injection systems
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the beam dumping system seiwioi |
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software for operation, controls and diagnostics

Using the final software foreseen for operation
for the commissioning of the machine systems
Sequencer
Logging system
Post mortem system
On-line databases
Industrial supervision systems




software for operation, controls and diagnostics

Using the final software foreseen for operation
for the commissioning of the machine systems

- Sequencer

Post mortem system
On-line databases
Industrial supervision systems

1 Logging system

Dry runs

2
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tracking, diagnostics)

Beam instrumentation (loss monitors, position
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Timing system

Communication with experiments (handshakes,
modes, fill number, beam based
measurements, etc.)

Post mortem data acquisition system
Squeeze
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what slows us down

“ « Infrastructure system instabilities
and late upgrades
— Electrical distribution faults
— Installation of Static Var Compensators
— Water cooling (indirectly)
* Cryogenics
— Impact of the infrastructure instabilities
on the cryogenic system
— Line Y interruptions
— Manning of the cryogenics control room

e Other

— Control system teething problems
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conclusions

All the non-conformities discovered so far could either be
fixed, or accepted-as-is, or cured with compensatory
measures.

* The quality of the test procedures and the depth of the
analysis which follow every test step have so far allowed
a safe and thorough progress of the commissioning
process.
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