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Accelerator

A - Project Objective

Department

With Limited Infrastructure

& Various Operational Issues, Staffing,
etc

1706 magnets (~1900 /ncl. spares &

repeats) to be tested before early
2007 !

Massive, Time Bound Objective!
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Magnet testing completed by
Feb 2007, within schedule !

Required for Total tested
LHC (incl. spare + repeat)

Dipoles 1232 1375

SSS + 5xx ci:p. 450

82 94

Total Magnets tested 1919
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A - SM18 Test Facility

Department

® With 12 test benches, shared resources &
Limited Cryogenic infrastructure

® Testing of first series magnets: early 2001
— with only 2 test benches

® All 12 benches ready only by June 2004 !
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Mainly consisted
of associates
from DAE, India

Magnet Tests
Team (OP Team

f

Magnet
| : g _ Magnet Transport
Cryogenics Team Connect / Disconnect ?
=R ' Team
Team

Industrial
consortia
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A f}ccclcralor
N\ Magnet Tests..
What do we do ?

/New magnet arrives.. \

Insulation test,
connection to CFB

Preparatory tests /

(functioning of .
protection systems & Cool down to 1.9K > Preparatory tests (tuning
instrumentation, DAQ..)

\ Insulation...) J Insulation tests
Functioning of protection
systems
Power tests (&Trainin

/Final warm tests \ ( 9)

Magnetic measurements

Electrical integrity : :
Final insulation tests
Resistance <Warm —up @cold

measurements.. \ /

Final insulation tests

Disconnection from

\CFB /
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Operational Techniques &
Empowerment
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Department

1. SM18 Test Management System (SMTMS)

— Links electronic repository of tests results with other
management tools

E-traveller

— Web based, electronic signature based information
exchange tool

3. Modified Magnet Training Criteria

— Two-Quench Rule

— Three Quench Rule

4. Overall & Cryo priority handling

— 24 hour priority decision by OP team for effective & clash-
free utilization of ALL resources ( Cryo, Power, bench etc)

Rapid On-Bench Thermal Cycle (ROBTC)

— Thermal cycle of a poor magnet without disconnection
from test bench

2

oL
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Ay - Overall & Cryo Priority

Department

> L|m|ted Cryogenics capacity:

3 to 5 Magnets @ 1.9K and under cold tests,

Up to 2 magnets in 300K to 80 K phase,

Up to 2 magnets in warm up phase,

2 magnets in 80K to 4K phase

Max. 3 magnets in cool-down + warm-up together,
Min. 20 minutes delay between quenches

Y'Y Y Y VY Y

® Overall & Cryo Priority allocation for
maximising throughput!

® OP Team empowered for deciding & setting
priorities...
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A{ - Overall & Cryo Priority

Department

® Priority setting based on time requirement for
cooling-down/warming-up, forecasted future
situation, cryo constraints..

{ OP Team Empowerment was a Must... }

Warming up magnets
Magnets at 1.9 K

Newly arrived / finished
magnets
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SM18 Test Management System
(SMTMS)

- Used Web based form-filling ..

see ICALEPCS 2005 paper
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System (SMTMS)

Back to SM18 homepage | Reset | Refresh | db Info
" ¥ Active Magnets page
"L This Is the work Test and Data Managemen| 4 Add New
7 N X
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 Maintains electronic repository of tests results
e Links tests results with management tools

e Tracks test progress & test statistics

e Automatic generation of test reports
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E-Traveller

Mashed web system with SMTMS
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il Operation Team consists of mainly
_ Indian associates , other teams
8l exclusively French..

Language Barrier !!

DIFFICULT communication & co-
ordination between teams
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E-Traveller

e Web based tool with mobile phone interface and
video display — alert teams

o Keeps track of electronic, signature based
information exchange

e Automatic time stamped log of tests activities
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Modified Training Criteria
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A Accelerator (= m
Training Rules

Department

® Earlier, all magnets were trained to ultimate field (12850A ~9T)
® 3-4 hours recovery time between quenches, Time consuming...

But... Most of the ‘good magnets’ cross nominal field (11850A ~ 8.33T)
in the second training ramp..

[ year 2003 Observation by OP Team]

—Two-Quench Rule: Accept
the magnet if it crosses
nominal field in Second
training with small margin!

—Three-Quench Rule:
Accept the magnet if it
crosses 12250 A (~8.66 T)
in third training, even if it
had not passed the
preceding rule..
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A -Magnet Appraisal & Performanc
Sheet (MAPS)

for Op Empowerment in Decision-taking on a 24 hr basis

3 http://test-sm18data.webtest.cern.ch/test-sm18data/Mapsxls.aspmagnet=M. . F_'EIR_I

] hitp://test-smisdata webtest. cermn.chy pods aspimag T gnetig=157 ~| £ Go
Yt - 2- ~ ' searchweb = o - #- @ CImal - W shopping -

Magnet Appraisal & Perf sheet (MAPS)
Goodness Evaluation

Magnet Name MBBL1166
Bench Mame TBE2

Date of Arrlval Sunday, Febru. r\r 19, 2006
Departure Date Thursday, February 23, 2006

] Test In SMTMS Result MTF

1 WPD4 - OK transferred
2 CDW1 HV - oK transferred
3 CDBP HV - OK transferred
- [Shafts No

4 Trakning 1 1191614 (B.37T)

- [Training 2 12402.2A (B.71T)

- Not Trained in 3 training

= Maxmum current  1279BA (8.99T)

5 |CDAP HV - OK transferred
6 [COR or COR . OK  |trans! ferred
7 IWPO7 HV = OK transferred
8 PT 14 Magnet MAPS - Stripping

# Test In SMTMS Result
= Comments

nnnnn &4 Local i tranet

» Single page repart rule based magnet goodness
evaluation

Rrapid, round the clock decision taking on first level of
goodness evaluation

~ Mitigated issues of magnet storage logistics
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® Earlier, all tested magnets sent to
standby buffer

® Decision on acceptance for
installation in LHC taken at a later
date by magnet experts

® Large storage of magnets in SM18..
Hampered the throughput..
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15 m long dipoles

SM 18 Test
facility
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Rapid On Bench Thermal Cycle
(ROBTC)
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Accelerator -
A‘ oo Rapid On Bench Thermal Cycle
(ROBTC)

® Earlier, '‘poor magnets’ were
disconnected from bench, fitted
with anticryostats, tested again
at a later date...

® Additional disconnection,
connection, preparatory tests...
time consuming..

® But.. Quench performance
improves after thermal cycle

® Rapid On-Bench Thermal Cycle
(ROBTC): Rapid thermal cycle of
a poor magnet without
disconnection from test bench
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a¥ .~ Concluding Remarks
b Department

1. Magnet tests completed in Feb 2007

2. Major factors behind the success:
» Dedicated efforts of operating staff
~ Effective operator empowerment
» Innovative operational techniques

Read Article in June '07 issue of CERN Courier
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(on behalf of SM18 Operation: 2002 - 2006)

Collaborators from CERN, Geneva:

G.H. Hemelsoet, E. Veyrunes, K. Priestnall, F.Pirotte

Collaborators from Dept of Atomic Energy, India:

M.Mascarenhas, S.Sridhar, A.Pagare, S.Shimjith, S.Padmakumar, A.Laddha, S.Rao,
J.Gore, J. John, J.Mishra, D.Roy,P.Awale, D.Peruppayikkad ,P.Motiwala, A.Kasbekar,
P.Surendran, A.Tikaria, M.Patil, Sampthkumar R.,Naushad Ali,V. Chauhan, A.Kasliwal,
S.Malhotra, Ramkumar N., S.Sonnis, K.Nair, Sudheer S., C.Kulkarni, P.Kashyap,
S.Bahuguna, U.Bhunia, E.Kandaswamy, M.Dixit
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Collaborators from Bhabha Atomic Research Centre (BARC), Mumbai, India:
Clement Verghese, Prem Kumar Kavalan, Laddha Anand, Maurya Beachai, Malhotra Sanjay,
Perupayikkad Daniel Babu, Shetty Satish Shankar, Narayanan Ramkumar, Satyanarayana
Arunkumar, Nair Kesavan, Awale Prashant Kamalakar, Patil Mahesh Balasaheb, Dubey Krishna,
Roy Amitava, Thota Venkatesulu Shyam, Gupta Rakesh Kumar, Mascarenhas Martin Lucio,
Surendran Puthiyedath, A Kasbekar, J Mishra, P Motiwala, P Adibabu, P Joshi, P Kashyap,
Naushad Ali, D Roy, Jacob John, K Ambastha, Jaydeep Gore, Vasu Kakkat, Sanjeev Sharma, D
Bhattacharjee, Sudheer Singh, Surajit Sen, Manna, Swagat Mukherjee, Vikas Chauhan, Mukesh
Sharma, Vikas Telang, Subrat Kaushik, Sumeet Maity, Sampath Kumar, Charudatta Kulkarni, S.
Padmakumar, P. K. Panda, N.S. Dalal, Sunil G Kulkarni, Sreyas R Shimjith, Sushil K Bahuguna,
Vijendra Sinha, Kuldeep Joshi, E Kandaswamy, M Y Dixit, Amit Tikaria, R I Bhaktsingh, B V Rama
Rao, S T Sonnis, N G Tayade, Vivek Yadav

G Aravamuthan, S. Gomu, Gangoor, Vineet Sinha, M Naskar,Y Chaudhari, A Basu, P Behere

Collaborators from Centre for Advanced Technology (CAT), Indore, India:
Gandhi Manoj, Marathe Ravindra G, M Jathar, Radheshyam Pramod, A Kasliwal, Khare Krishna
Mohan, Pareek Prashant, Jain Akhilesh, Pagare Anand, Yash Pal Singh, Mandar Joshi, Praveen
Deshpande, Jitendra Patil, Rajkumar Gupta, Seshnath Singh

S Kane, S Pralod, Vimal Bhatnagar

Collaborators from Indira Gandhi Centre for Atomic Research (IGCAR),
Kalpakkam, India:

T S Selvakumaran, R Dhandapani, Sethumadhavan Sridhar, B Rao, K Palanisami

Collaborators from Variable Energy Cyclotron Centre (VECC), Kolkata, India:
Bhunia Uttam, Bhole R, Sandip Pal, J Debnath
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Extra Slides
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Achievements
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Magnet testing completed by
Feb 2007, within schedule !

Required for Total tested
LHC (incl. spare + repeat)

Dipoles 1232 1375

SSS + 5xx ci:p. 450

82 94

Total Magnets tested 1919
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Repeat Rates &
Deparimet epeéa ates
[ ]
Magnetic Measurements

Mag. Meas.
(MM) Rejection

%

Dipoles i 18.36

SSS 12.5 13.32

12.8 30.85
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Annual Statistics
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Dipoles
o 513
500 1
400 4
300 4
200 +
100 ] 21
0_
2002
SSS
250 1
2004
150
100 1 52
50 0 P
Lu]
2002 2003 2004
IR-SSS
2002 2003 2004 2005 2006
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Total Magnets Tested

800 - 703

700

600 -

500

400+

300

200+

100+ 21

2002 2003 2004 2005 2006
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Typical magnet test times
(For the week starting 26t" July 2005)

242

Hours

Ref.

2206 3373 3109 3617 5217 1246 3085 3369 5204 5199 2189 2189

Reference Times

J

® Blue : Wait + Cool down

® Ivory: Tests at Cold

® Red: Wait + Warm up

® Dark Green: Disconnect

V. Chohan PAC 07, June 2007, Albuquerque, USA
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magnet trained!

v

Generate .u file
at 12850A & SPA

MM*, CDAP

)
Rules : 15 April 04 R

Yes Ig>12kA

Yes lg>12kA

MM*, PT8, CDAP

CDAP

A 4

No
Yes Iqg<12kA
hla |
Generate _u file Yes Iq<12kA
at 12850A & SPA Train to 12850A
(see rules) # Yes
8 ramps
No___¥

PTS8

No

A 4

MM*, PT8, CDAP

MM*, CDAP

[ CDAP at4K | o i
enerate .uftle

e at 12850A & SPA

Quench at 4K (SSL) J,
MM*, CDAP

Generate .u file
at 12850A & SPA
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J g Max 9 Ramps to 12850A; If this terminated in <= MM* If Shafts Are Present!
ramps

9 Then follow flowchart , else: _

® magnet is poor & do warmup on 10th with 4K PT8 = Ramp to 12 kA & SPA
quench

¢ Instead of PT10 ) ) ) ) Min NRJ = Quench provoked

) THEN: Thermal Cycle if AntiC exist & so put in shafts FPA Disabled

® ELSE(( if no AntiC) - Magnet removed & Standby

Thermal Cycle Rules with Shafts Inserted :

In the 2"Y Run:
if 1st Q above (8.4 T) 12000A then MB accepted
if 25t Q above (8.6 T) 12350A then MB accepted

ELSE MAGNET REJECTED WITH poor perf non-conformity but with

the rules :
if Quenches are localised only in 2" run (with shafts inserted only in the

2" run ): perform 5 quenches only
And END the Tests

If Quenches were localised in first RUN :
then perform max 2 localized quenches only in 2" run
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-V 15/06/2006
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a¥ . & Bit of aerobics for health!
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Early Performance
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days on Test bench 2001-2

00T 100Z FOOoT 30071 I0oF 1003 F003 FO0Z 1005 1004 1008 1006 1070 1007 1071 1072 3004 1074 10713 1009

60 —
58 |
w‘.
54 -
52
50
pr
8| £
= s ]
5| =
2 g
“ﬁ g~ Endle
% g: snmlm
w 20
== 418 -
.3 : ‘|| ‘
12
10 -
8
8
4 -
2] ‘
|magnet SEES5E085858855238 8888 8232858

Finish testing of remaining ~1800 magnets by early 2007 ???
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Overall & Cryo Priority Handling
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N\ e Overall & Cryo
Priority Setting

|TBC1 |1.90

10 - 1.9 [K] since 8h 56'
(PT 3 QH Measure)

| Cl_'l’d_ﬁl]lﬂ gmms_l_wi_m;oq M_I_J_Mnh._ 006 5\!_1.!: l?_ _I.I.
(Prep 5 Cool Down) MAIN PRIORITY [g/s] PRIORITIES COMMON RESOURCES
13 - WARM UF:JT? 300 [K] since 10h 31’ EL| MAIN | MAGNET WARM | | ¢Ws | LHe [1.9[K]

PT 12 Warm Up LEV PR
i e A2 2393 285|190 |42 [ea Je1
|2 D1 |S317 |276 F2 [c2 A2

6 - COOLDOWN TO 80 [K] since 9h 36'

Gics S et aimen ey ™ 31F2 123741104 |58 | (NSNS

HCS 4 FHRal et | - 1C2 s339 (4.6 D1 D1 |F2 LHe DEWAR LEVEL: 71 %
= : h &

e e 5 (C1 [s360 /1.9 c2 |F2 |c2 RS S
4 BALLON VOLUME: 72 m~3
S ~[E2 357297 1 le2 E2 :
(ICS 4 Final connection) “‘gpﬂ‘g}’:f(‘;"?&m"[‘;‘.]
16 - OVC AT ATM. since 13h 29' 7 B2 [s353 297 E2 (B2 |B2 9

(PT 13.2 Resist. Meas. 1 1373 107 |83 B2 a1 |A1 TOTAL HELIUM FLOW THRU CWS:

9 - LHe FILLING since 2h 26' 274 [g/s]

gpST-li\:Ag:E"QTu:$CI?O§SE_I2] since 10h 27" 9 E 1 2389 298 EI E1 E1
(PT 13.2 Resist. Meas.) 1 D F1 2381 296 F1 Fl FI
11B1 [s518 [297 B1 |D2 D2

- D2 |S515 296 D2 |B1 |B1

)

— Ensure that magnets follow the desired cryogenic phase
distribution, within the limits of possibilities due to the
varying training performance ( a priori not known)
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A reVlagnet work rilow at CERN
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Courtesy: L.Rossi

before beam test

% e /
[ Arrival CM CD{ Reception Cryostat }:{ Cold test

> N

1 ¢
o Store xtra-work Stripping
[Beam screen}ﬁ 4 areas WBO% dip) }i\ Fiducials

-
Store

limited number

i)[ Tunnel Jﬁ[ Alignment

[ Beam test

V. Chohan

i)[ Connectlons

Hardware Commissioning |i
-

PAC 07, June 2007, Albuquerque, USA

47



A‘ reVlagnet work rilow at CERN
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cmesy:Lressi P EFOre beam test

Reception

[Beam screenN qld

Store
limited num®.

[
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

»
Armival CM = Reception Cryostat }:{ Cold test }

-

.
Store Xtra work Stripping
[Beam screen @\_ A reas (30% dip) }@\ Fiducials?
S A
L tore Tunnel Ahgnment Connections
limited numbeg
[ Beam test }:: Hardware Commissioning |i
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

&
Arrival CM = Reception _’ Cryostat —  Cold test

Store
Beam screen
4 areas

%
Extra work Stripping
(30% dip) B Fiducials

-
o UL Tunnel Al gnment Connectlons
limited numbeg

[ Beam test

=

.

Hardware Commissioning
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A reVlagnet work rilow at CERN
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cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception _’ Cryostat = Cold test

—

%
Store Extra work Stripping
[Beam SEeel | ] 4 areas (30% dip) }(ﬁ Fiducials

-

-
o UL Tunnel Ahgnment Connections
limited numbeg

[ Beam test k: Hardware Commissioning |i
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A reVlagnet work rilow at CERN
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cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test

" / ..
Beam screen Store e =t IS:?;P(I;?IE
4 areas (30% dip) -
S I
tore .
Limited numberi{ Tunnel Jﬁ[ Alignment i)[ Connections J

[ Beam test Hardware Commissioning |i
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A reVlagnet work rilow at CERN

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test

[Beam screenj(ﬁ

Extra-work Stripping

(30% dip) = Fiducials

I I
o UL Tunnel Alignment Connections
limited numbeg )

[ Beam test

=

p 3
Hardware Commissioning
-
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test

Store Extra-work Stripping
& /4 areas &= (30% dip) = Fiducials

-
Store .
Limited numberi{ Tunnel Jﬁ[ Alignment i)[ Connections J

[ Beam test Hardware Commissioning |i

[Beam screen
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test
Beam screen Store Extra-work Stripping
&= Jarcas @= (30%dip) &= Fiducials
5
o Store Tunnel Ahgnment Connections
limited number

[ Beam test Hardware Commissioning |i
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test
Beam screen Store Extra-work Stripping
&= /4 areas &= (30% dip) &= Fiducials
& Store
limited number Tunnel Ahgnment Connections

[ Beam test Hardware Commissioning |i
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Department

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test
Beam screen Store Extra-work Stripping
&= /4 areas &= (30% dip) &= Fiducials

b Store
limited number Alignment Connections

ol

2 _k 2
[ Beam test }2: Hardware Commissioning
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test
= il s Store Extra-work Stripping
&= 4 areas &= (30%dip) @ Fiducials
& Store -
' Connections
limited number == L edlmion
[ Beam test }:: Hardware Commissioning
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

_’ Reception = Cryostat
Store Extra-wprk S‘Fripp.ing
&= /4 areas &= (30% dip) &= Fiducials
58 = O o
[ Beam test k:\Hardware Commlssmmng}
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test
Beam screen Store Extra-work Stripping
&= /4 areas &= (30% dip) &= Fiducials
& Store
limited number == Lot adiaion

— Hardware Commlsswnlng

[ Beam test

Start January 2007
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A reVlagnet work rilow at CERN

Department

cmesy:Lressi P EFOre beam test

Arrival CM —\ Reception = Cryostat = Cold test
Beam screen Store Extra-work Stripping
&= /4 areas &= (30% dip) &= Fiducials
& Store
limited number == Lot adiaion

Beam test _ Hardware Commlsswnlng
December 2007 Start January 2007
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AY v Cost structure of the LHC

Department

Courtesy: L.Rossi

Total material cost: 3.3 BCHF

2% 3% 2%

15%

Magnets

B Cryogenics

O Beam dump

O Radio-frequency

B VVacuum

Power converters

B Beam instrumentation

O Civil Engineering

W Cooling & ventilation

B Power distribution

O Infrastructure & services
O Installation & coordination

I Magnet+cryogenics = 66%

- - TEerT e o ST TETYTTTE ATy T Tt




A Accelerator
Technology

. Department

2 http://test-sm1B8data.webtest.cern.ch/test-sm18data/Mapsxls.asp?magnet=M... F;]ﬁ._?lle

Fie Edt  View Fawvortes Tools Heip &
Q) Back - x] B @ ) seerch Py rovernes €9 i @& - o
&] M ftest-smiSdata. webte . corn.ch/test-sm1 Sdnata/Mapsds asp?magnet=MagL 1 1 66Amagnend=157 « | [E] Go L
wr - 2 =l searchweb = o (B~ #~ @ Eivai - 1 shopping ~ =
Magnet Appraisal & Perf sheet (MAPS)
Goodness Evaluation
Magnet Mame MBBL11G6G
Rench MNagme THE2
Date of Arrival Sunday, February 19, 20006
Departure Date Thursday, February 23, 2006
# Test In SMTMS Result  MTF
1 Wro4 OK transfe ned
2 [CDW1 HV OK transferred
3 CDBP HV 2 OK transferred
- Shafis No
4 [Training 1 L1916 1A {B:37T)
- [Training 2 12402.2A (B.71T)
- Nat Trained in 3 rraning
= Maximum curnent 12798A {B.99T)
5 |CDAR HV OK transferred
6 |CDRor CQR OK transfermed
7 WPOY HV OK transfermed
& Test In SMIMS Result
8 PT 14 Magnel MAPS - Steipping
= Comments
10
&) Done - Local I anet
L

Magnet Appraisal &
Performance Sheet (MAPS)

for Op Empowerment in Decision-taking on a 24 hr basis
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Accelerator ==

F.r.

“ ANy SM18 Test Management System &
SMTMS?

' _J
NG

All tests results were entered in
Magnet Test Report (MTR — paper log)

Verification & Analysis of results ??
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A‘ Accelerator
Technology -
®Y o Execution of MAPS

y— =

L=

¥ o -
-
,é-\._P - -

-

- - ¢
- - y

. * >

| s
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— Enter the test results in template
based reports

— Parameters beyond thresholds:
Generate non-conformity (NC)

— MAPS: Check for NCs, sign E-traveller,
generate MAPS sheet from SMTMS




Accelerator —
ANl Technology Introduction
. Department

+ LHC Requires:
e 1232 Dipoles (~19 km out of 27 km ring)

e 360 Short Straight Sections (MQ - SSS)
e 114 Insertion Region SSS (IR-SSS)

® Testing & Qualification (& Training!)
of each of them for:

e Cryo, mechanical & electrical insulation
e Quench performance
e Field Quality
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A Accelerator
Technology
. Department

Statistics: Actual Vs. Predicted Throughput

- Monthly prediction Vs Actual throughput -

(Target for Magnet testing for completing LHC Lattice )

TARGET
PRECTICTED IN
JAN 08

v

Dipoles: 1232, ARC SSS: 392, IR $SS:82

370 Dipoles
350 A —a— cumulative yeild dipole Target
« - cumulative yield SS8 Target
200 - —— cumulative yield IR-SSSTargﬁ
2] —=— cummulitive dipole done
g 250 — cumrnulative SSS done
g ~=— cymmulative IR-SSS done . 231 8sS
5 200 H
>
2 150 A
£
= 100 A o=
el B -——a————t——=%—} 63 IR-SSS
e T e
_P__cﬁjﬂ'_—a::—'-‘;—_:—__j
BT 2 & 4 4L ¢ 2 2 & & £ i
sasatin 2 S Q@ S Q =3 S < S = Q < <
esetin c o b = > c =S5 o o 5 = o =
Jnz0s § 2 = 2 £ 3 S 2 & 8 2 & 5
Date

~ For the dipoles actual throughput has coincided with the prediction.

~ For the special SSS and arc SSS the actual throughput is better then
the prediction.
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Accelerator -
AW = SMM18 Test Operation
Department

Available Resources

\mhlil '

1 {
———

' ‘j rl

,,,,,:7’

’»r”
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Accelerator -
Ay .  SM18 Test Operation

Department "
Available Resources

» Test Equipment
Fixed

* 12 Test Benches arranged in pairs so, 6 clusters( A to F)
* 6 Main Power Converters
» 6 sets of Electronics for testing 1 per cluster

Mobile

* For Q-location & MM special 15 m Shafts to be installed in
magnets

» Mobile Racks for HV insulation tests & Magnetic Measurements
* SSW Units

» Shared Utilities

« Water for 4 magnet powering at the same time
* Cryogenics capacity and limits

»~Manpower [24 hr Tests Operation Staff] in 2005

* 14 CERN staff ( ~12 FTE ) on loan from CERN Accelerator Operation ( some only part-time)
« 20-25 persons on exact 1 year contracts from India & constantly rotating, so (~16 FTE)

* ICS “Magnet connectors/disconnectors” working 24 hours ( but ROCLA not)

*Cryogenic Support staff

» Technical Support

* Equipment support for magnet test equipment and electronics
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LHC tunnel 2002







/

1232 main dipoles

~+ 3700 corrector (spool pieces)



Regular arc

e 1

Magnets

2500 corrector
magnets

Installed dipole

1 [ -
>

V. Chohan



Connection via service
module and jumper

Supply and recovery of

- helium with 26 km long
~ cryogenic distribution

=
luid
helium at 1.9 K in cooling
loops of 110 m length




Beam vacuum for

Beam 1 + Beam 2

3

i : >4 Insulation vacuum for the
4 Insulation vacuum for magnet cryostats
the cryogenic )
distribution line s




N X %
/ - X
,( e .-i !
r VS e I:': - A
R el \ 'S A
3 J e L % A
ey Y B 3 ch*. s

quench protection, power converters for
orbit correctors and instrumentation
(beam, vacuum + cryogenics)

SR N




4 Fermilab
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AY 2 Accelerator magnets issues

Department

Courtesy: L.Rossi

In iron dominated magnets
the pole shape dictates
field quality

In superconducting
magnets the conductor
position dictates the

accuracy of the field. LHC main dipoles
Coils not self-supporting g quantity: 1232 dipoles x15 m = 18.5
Beam will circulate 500 km

Millions times in the LHC @ Operated at same current: 154 circuits
Field accuracy: 10-100 @ Extremely high current density:

ppm operation 85% of Ic (on load line), little

_ stabilizer to increase J= Training. BUT
Necessity to have all we cannot train them at long (it costs
dipoles equal in length too much) and they should not re-
within ~ 100 ppm (1.5 training.

mm over 15 m of the LH'® After the cool down the worst magnet
dipole length !) will determine the energy of the
P gth = accelerator.
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AY i The historical look...

Department

Courtesy: L.Rossi

DIPOLE MAGNETS

HERA
B=4.7T
BORE: 75 mm

......

B=45T
Bore: 76 mm

V. Chohan

RHIC
B=35T
Bore : 80 mm

B=8.3T
Bore : 56 mm

PAC 07, June 2007, Albuquerque, USA

SSC
B=66T
Bore: 50-50 mm
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A‘ e DIPOIlE Cross section:

Department

yoke & shrinking cylinder

Curvature released
from+1 to+ 2.5 mm:

Solution: pairing

Two half shells,
. welded on the
& magnet

Courtesy: L.Rossi




AW s Dipole -end part
. Department
Courtesy: L.Rossi e n d p I a te
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AN i Dipole-end part

Department

Courtesy: L.Rossi B u S Ba rS
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Al o Dipole -end part

Department

Courtesy: L.Rossi Shr|nk|ng Cyllinder
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AY i Dipole -end part

Department

Courtesy: L.Rossi C u H XT
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Al o Dipole -end part

Department

Courtesy: L.Rossi CO rreCtO I M a g N ets
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AY i Dipole -end part

Department

Cold foot, Bellows and N-line

Courtesy: L.Rossi

V. Chohan PAC 07, June 2007, Albuquerque, USA 71



ALSTOM
A

FRAMATOME ANP
JEUMONT S.A.

( >)BABCOCK I\IOEI..I."

PAC 07, June 2007, Albuquerque, USA A



Accelerator
A Technology

. Department

To-Do List

Tests

himbatad | T T AL o ] e
A = Preparatory tests at Warm
et e [
equentiall T ]
(2]
T ol TEDW Ressiance
| % !
x 1 00 | ==
W ':I:‘:ilj Fage]
e
i Obeys To-Do
o = MBAFI36 MEAL1136 on TEFL
List
3430 pRIP I = e -
T | 2 |in PP —— = # | @m | cOmPHY | frarried ot with ICS parsenmd, put 24 st 15 ¥, in themagnel)
1 Seek of T-Col, sening of vt d mempmontins o Posch rards s et e Carried out By:
: 3 . Eperewhs Hoate | mm :WB’ Resistance i TEAN MEMELFS) SHIFT LEADER
"‘ sl b :.: ! Date and Time:
T [avm
= u o Voltmeter Reading Voltmeler Reading
Preflxes deflne boxberon - :: | ’:_'I:ax.v.hvd:ri".l‘ﬂ} a:n Vhbedul:n['rb:{)
T | Resuls
type Of tESt ::: I jNoIt The convalescence voltage expected - 115V
[ Tem |
[rm | coer [IMPORTANT | Sign ELECTROMIC traveller as soom as the Estis
@ | ma | cowrmv ! performed
o
] [PREPEI IAP AT WRRM (LF HEATER DISCHARGE)
fput 25 A w18 V,in the magne)
Carried out By:
JCEN TEAM MIMBERS) SHIFT LEADER
#1%0 |Cow? Resnsance Date and Time:
O wmr |
..... e T Ml . o™ e [Pl
_chnli Quench Heakrs
Voltage Taps
Temperatire srsor
Reading
PREP 1.2 AP AT WRRM (HF HEATER DISCHAR GE)
! fput 2.5 At 18 Vi the magnet)
Carried out By:
i TLAM MTNEITE) SHIFT LEADEE
Date and Time:
FiJ: Name(s)
Resuls Quench Heakers
Voltage Taps
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A‘ Accelerator
woos GN18 Magnet Tests :
BY agne ests :
B
What it’s all about

Magnet
Production

LHC Beam

Running in &
Minimum dI, dE
provision

Accelerator
Physicists

V. Chohan PAC 07, June 2007, Albuquerque, USA 74





