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Hardware Commissioning

Goals of HC work:

— define the envelope of parameters within which the machine could
be operated by BE-OP during the physics run

— Validate software and controls

— ldentify, investigate and document the weak points and limitations
preventing hardware to reach nominal performance

HIMAC Working group gathering all equipment owners
with strong involvement of BE-OP

Accurate preparation work-> written procedures
For HEBT circuits, we used well oiled LHC methods

Cryomodule commissioning procedure was a good Anzaz,
it will be retrofitted with experience of CM1



ItS

issioning resu

HEBT comm

Ion

ts released for operat

Ircu

XTO1 and XT02 ci

All XTOO

ICS run

| currents set for the needs of 2015 phys

I0Nna

 Operat

dated

Ipoles val
N

|d control for di

e

B f

Power

Sotname: | M| e

rame
xwavario  wwasasio
xasamasion srarses wrasaszo
xwavasn  wsasaio
xsmasion s xonssacion
xsmassan s sasen
xsmassan

XUHSMQ1000 2731727A XS RQ.1000

XUHsMQ1100 XUHsRQ1100

X7GPMQO110 XU76PAQOL10
27317288
X7GPMQ120 XU76PAQ0120

XL9GP.MQ0100 X967 Q0100

XL9GP.MQ.0200 27317294 X19GP QL0200

X5GP.MQ.0300

XL96P #Q.0300

X9GPACH.0400
27317308,
X9GPACV.0400

XL9GP.MQ.0600

XL9GP RQ0600

XLSGP.MQO700 27317314 X19GP AQ.0700

XL9GP.MQ.0800

XL96P Q0800

XUN2RCH 0200
27317338
XUN2RCY.0200

XLN3RCHO300
27317348
XUN3 RCV.0300

XUNARCH 0400
27317358,
XUNARCY.0400

vognet | _POWer
slotname: | MeE"*! | Converter
ableid, O

XT00MQ0100 27317394 XT00.#Q.0100

XT00MQ.0200 27317404 XT00.7Q.0200

XT00MQ0300 | 27317414 XT00AQ0300

XT0DRCH 0450

XT00RCV.0450

XT00MQOS00 | 27317424 XT00RQ.0500

XTO0MQO600 | 27317434 XT00RQ.0600

71757 XTOORCHOTSO
XT00RCV.0750
XT00MQ.0800 | 27317444 XT00RQ.0800

XT00MQ0900 | 27317454 XT00AQ.0900

ra17san XTOORCH0SO

XT00RCV.1050

XT00MQ1100 27317464 XT00RQ.1100

XT00MQ1200 | 27317474 XT00./Q.1200

XT0DRCH.1350

27317488
XT00RCV.1350

XT00MQ.1400 | 27317494 XT00AQ.1400

XT00MQ1500 27317504 XT00./Q1500

XT0DRCH.1650
27317518
XT00RCV 1650

XT00MQ1700 27317524 XT00AQ1700

XT00MQ1800 27317534 XT00./Q.1800

XT0DRCH.1950
27317548,
XT00RCV 1950

XT00MQ2000 | 27317554 XT00./Q.2000

vognet | POWEr

Slotname: | Mol Converter
cable id.

name

XTOLMB.100 | 27317624 XT0LR5.0100

XTOLMQ0300 | 27317634 XT01£Q.0300

XTOLMBOS00 | 2731764A XT01.88.0500

XTOLMQ0600 | 27317654 XT01RQ.0600

XTOLMQ0700 | 27317664 XT018Q.0700

XTOLMQ0800 | 27317674 XT01.80.0800

XTO1ACH.0950
27317688
XT01.RCV.0950

vognet | _POWer
Slotname: | MeE"*! | Converter
ableid, e

XT02MBOI00 27317634 XT02R80100
XT02MQ0300 27317708 X702.7Q.0300
XTO2MBOS00 2731771 XT02R80500
XTO2MQ0600 27317724 XT02.2Q.0600
XT2MQ0700 | 2731773A XT02.80.0700

XT02MQ.0800 27317744 XT02.80.0800

XT02.ACH.0950
27317758,
XT02RCV.0950

[
cable id.
2731875,
27318008
27318014
27318020
27317988
27317958
27317968

231792

2731793

231789

2731790

27317918

2731797

2317988

27317860

2731787

27317888

27318768

2731877

2731783

231780

2731785

2731872

2731873

27318748

27318000

27318458

27318468

[

cable id.

27318238

27318268

2731829

2731847

27318488

2731832

27318210

27318508

27318518

27318220

27318280

27318528

27318538

2731825

2731806

27318688

27318694

2731807

27318308

27318628

2731863

27318318

2731

27318608

2731865

pc

cable id.

2731802

27318088

2731

2731803

2731804A

27318058

27318700

27318714

[

cable id.

27318368

231

2731837

27318094

27318108

pcisr | DCcable

connection  check

DC cable

pisT y
connection

DC cable

pisT "
connection

DC cable

pisT y
connection

ELQA | WiC-magnet ~ WICPC

OK/Not OK  interlock test interlock test | connection | 10%Inom | test

ELQA | WIC-magnet ~ WIC-PC

ELQA | WIC-magnet ~ WIC-PC

OK/Not OK  interlock test interlock test| connection | 10%Inom | test

ELQA | WiC-magnet ~ WIC-PC

OK/Not OK  interlock test interlock test| connection | 10%Inom | test

PCcircuit | PSsetup  Performance

PC-circuit | PSsetup  Performance
OK/Not OK  interlock test interlock test| connection | 10%Inom | test

PC-circuit | PSsetup  Performance

PC-circuit | PSsetup  Performance

Imin op

I min op

I min op

I min op

| Released
nominal | for OP

I Released
nominal | for OP

R —

| Released
nominal | for OP

I Released
nominal | for OP



CM 1 main commissioning steps

R e (1511260 | 00 | RAFT 1. Interlock tests

» Slow pump down
--,,)- RF, Instrumentation, ELQA
Hardware Commissioning Procedure tests before cool down
Low Level RF tests

. Cool down

RF conditioning above Tc
RF tests at 4.5 K

N
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Hardware Commissioning Procedure for
the HIE-ISOLDE cryomodules

This document describes the sequence of tests and the parameters to be
recorded for the hardware commissioning of the HIE-ISOLDE cryomodules.
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CM1 cavity test results
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Solenoid test results

« Nominal current set conservatively for operation: (115.5 A-> 100 A, need 90 A)

« Insulation at cold tested up to 500 V (checked to be sufficient in case of quench)

« Vapour cooled current leads set at 0.5 g/s

« Fast power abort from nominal triggered quench (as expected): good reaction of
the cryogenics system

* No spontaneous quenches, continuous operation at ~ 60% of lyoy

- Small issue: power converter trips (in current mode) when changing
polarity...traced back to repolarization of the parallel diodes

» Need to verify for future solenoids if this events are not signs of a defect in the
protection scheme
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Combined powering of cavities and solenoid
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Performance of the LLRF system

Cavity XLL1.4 field amplitude, 3Hz bandwidth
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Cryogenics incident 12.8.2015
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Reconstructed chain of events

Initial pressure fluctuation in the low pressure circuit (15:47:33)
Stop of warm compressor and of the cold box

Faulty logic of valve opening and closure to protect cryomodule
Cryomodule helium circuits are pressurized by the cold box transient
The safety valve which should have protected the rupture disk does
not open: calibration was too close to disk limit

Rupture disk burst open, helium is released in the hall (15:53:59)
Hall evacuated by fire brigade

First analysis

First crisis meeting (16:50)

Rupture disk is replaced in situ, preventing air in-leak (~ 19:30)

all detalils at:

» https://ledms.cern.ch/document/1535758/1
« https://ledms.cern.ch/document/1535759/1
« https://ledms.cern.ch/document/1536156/1
« https://ledms.cern.ch/document/1536524/1



https://edms.cern.ch/document/1535758/1
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Static heat load measurement at 4.5 K

Distribution of heat into boil-off of liquid and structure warm-up; Temperatures on Thermal Shield,
Cavities/Solenoid, etc. constant

Limitation: no flow meter for mass flow monitoring; during the test;

Helium level in the reservoir

40% Temperature ofl the frame j
I 24K )‘JH e

Reservoir press /‘ \
2 |

20%

Measurement results: ‘

STATIC HEAT LOAD WITHIN EXPECTATIONS; NO ANOMALY. CRYOSTAT DESIGN QUALIFIED
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Beam vacuum from REX to the
experimental stations




First beam acceleration with a
HIE ISOLDE superconducting QWR
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Cavity phasing with 4 cavities: first try

2ot Energy Spectrum SRF 1,2,3,5: 3.0 M\/m
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Non Conformities

EDMS NO. REV. VALIDITY
XXXXXXX ‘ 0.1 ‘ DRAFT
4 REFERENCE
HIE-EQCOD-NC-XXXX

Date: 2013-09-23

~

( Nonconformity Report
IDENTIFICATION
1. Originator's Name: W. Venturini Delsolaro 6. Date: 30.11.2015
2. Contractor/Supplier: CERN 7. Part description: Mechanical drive system of RF coupler
3. Contract No: 8. Qty:1
4. Project Engineer: V. Parma 9. Dwg No: ISLACSC_0577
5. Quality Manager: W. Venturini Delsolaro
10. Found during what activity:
O 1ncoming inspection O Final inspection
[ 1n-process inspection X0 other: commissioning

11. Description of nonconformity (use continuation page if necessary)

Anomalous friction on the mechanical drive axis of cavity #5 RF coupler

12. Action taken to prevent misuse (use continuation page if necessary)

The coupler was adjusted manually for each stage of the commissioning (RF conditioning at warm, RF measurements,
operation with beam), and the motor controls were disabled.

)

\ IMPORTANCE |
‘ 13. ‘ X O Non critical | O critical ‘
DISPOSITION

14. ‘ O use-as-is | O repair | O reject ‘ KO Rewark | O return to supplier

Description of proposed action (use continuation page if necessary)
With the measures described above, the coupler could be used for the first physics run, with some limitations. Since
the cryomodule is taken out of the machine, it is suggested to ascertain the cause of the friction and remave it.

CORRECTIVE/PREVENTIVE ACTION

15. Description of proposed action (use continuation page if necessary)

1) Check friction after warm up

2) Check friction after transport

3) Check friction after venting

4) Visually inspect the axis after opening

APPROVAL OF NON CRITICAL NONCONFORMITIES

16 ‘ Project Engineer: | Date:

APPROVAL OF CRITICAL NONCONFORMITIES

17 ‘ Project Management: | Date:

This document is uncontrolled when printed. Check the EDMS to verify that this is the correct version before use.

Anomalous friction on CAV5 coupler axis
Impedance change in solenoid circuit
Overheating of the couplers

Blocked horizontal degree of freedom of
frame adjustment system

A few survey targets lost

Condensation on the top flange



RF couplers issue: recap

First observations in CM1: RF shifts - thermal expansion hypothesis
Near-failure in CM1

Cold testl at SM18 (failure at 200 W)

Looking for source of heat in the coupler

Comparative survey of LNL and TRIUMF solutions

Failure tests of antennas in oven to find limit temperature

Cold test2 at SM18: copper braid thermalization on coupler OK

Vacuum calculations + warm test bench (plasma hypothesis challenged)
DC current measurements (plasma hypothesis revived)

Thermal + RF models (ANSYS + CST)

Cold test3 at SM18 (60 W): incipient failure

Cold test at Cryo-lab reproducing CM1 thermalization

Benchmarking thermal simulations

Cold test 4 at SM18: modified coupler (Bz4-> Cu-Be, Macor-> Shapal, holes)
New detailed RF simulations of antenna tip fields

Improved system prototype under test



HIE ISOLDE RF coupler task force

Taskforce members:

A. Boucherie, J. Bremer, L. Dufay Chanat, T. Koettig, Y. Leclercq,
E. Montesinos, A. Miyazaki, V. Parma, S. Teixeira, M. Therasse, L. Valdarno,
D. Valuch, G. Vandoni, W. Venturini Delsolaro, P. Zhang.

Taskforce meetings (minutes and slides):

https://edms.cern.ch/document/1536619/1
https://edms.cern.ch/document/1539539/1
https://edms.cern.ch/document/1539542/1
https://edms.cern.ch/document/1541497/1
https://edms.cern.ch/document/1543024/1
https://edms.cern.ch/document/1551204/1
https://edms.cern.ch/document/1551205/1
https://edms.cern.ch/document/1555124/1
https://edms.cern.ch/document/1556843/1
https://edms.cern.ch/document/1558989/1
https://edms.cern.ch/document/1560717/1
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https://edms.cern.ch/document/1541497/1
https://edms.cern.ch/document/1543024/1
https://edms.cern.ch/document/1551204/1
https://edms.cern.ch/document/1551205/1
https://edms.cern.ch/document/1555124/1
https://edms.cern.ch/document/1556843/1
https://edms.cern.ch/document/1558989/1
https://edms.cern.ch/document/1560717/1

Preliminary conclusions
and actions taken

Triggering phenomenon is pure RF heating

Glow discharge, if present was due to conseguent outgassing
Key is cooling of the coupler antenna

New thermalization of copper and cable

New couplers with Cu OFE antennas soldered to the cables



Additional thermalization

Additional thermalization1: Additional thermalization2:
oemematet outer conductor of the coupler cable

Type: Temperature
nit: kK

Tirne: 1
L2/1L2015 0911

392.02 Max
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41
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The contact between the antenna and the
inner conductor of the cable is brazed



antenna

Bz4 - OFE Cu (250W)
700 1
< 600
’5500
3 400
S 300
£ 200
= 100
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and better thermal
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The simulation has not yet quantitatively e
—> A more conservative modification is neq



Conclusions

The 2015 Hardware Commissioning campaign achieved its goals:
— Envelopes for OP defined
— Software & Controls operational
— Weaknesses and limits identified and investigated
CM design choices validated:
— Cavity cleanliness preserved during assembly
— Heat loads according to specs.
— Alignment specifications fulfilled

SC cavities field measurements confirmed with beam
A prompt reaction to cryogenics incident saved the physics run
RF input lines/coupler problem identified, being addressed

Few more small issues (axis of coupler #5, horizontal alignment,
diodes...)

Next steps—> Yacine’s talk
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Still to be understood:
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