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Motivations

= Large number of tests per year performed at SM18 from:

= 10 horizontal benches:  Al,A2,Bl1, B2, C1, C2, E1, E2, F1, F2
= 3 vertical benches: Longue, Siegtal, Diode/Lead
= Soon: Cluster D, High Field Magnet, FAIR

= On a broad type of magnets:

= LHC spare magnets (NbTi: dipole, quadrupole, correctors)
= HL-LHC magnets (Nb;Sn: Racetrack, 11T, QXF)
= FCC models (16 T project, HTS insert: Feathers)

‘ HL-I!HLC- PHOJECTi! @D2

Hugo Bajas



Motivations

Short Model C011 Racetrack Model Coil 1 lT d1pole
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Motivations

= Highly instrumented R&D magnets with various kinds of sensors
...voltages tap, strain gauge, magnetic probe, thermometer, optical fiber
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.4 Voltage
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SMC instrumentation
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Motivations

= Highly instrumented R&D magnets:
...voltages tap, strain gauge, magnetic probe,
thermometer, optical fiber sensors

Feather-MO instrumentation

Integrated field coil array ‘
Coil ¢ it o
Top temperature Sensor Array \ Bmad fcahe | \
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Motivations

Need to replace the aging “SM18 Automatic Quench Analysis”
LabVIEW software
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Data Acquisition System

New Data and Acquisition systems will equip the new test stands

DAQ based on PXI platform allows:
High resolution / High Accuracy measurement (Digital Multi Meter) ae
Long acquisition: Low Frequency (Hz) -

Ten of micro-volt precision

Long, Diode/Lead/ Siegtal, HFM, Sc link: 146 HF, 72 LF cards
Cluster D: 200 HF, 144 LH cards

TTASITHIL ALYUISILVLT. T YT 1 ToYUTIivy (VY WU UV INJI9)
milli-volt precision

NI PXI-6225card (Low Frequency)
INCAA-TR14 cards (High Frequency)
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Cluster D: HF Card: NIPXle-6358

NI PXle-6358
Simultaneous X Series Data Acquisition

Starting at $-6,086 $ 5,355.68 (view pricing options)

View Data Sheet

» 16 simultanecus analog inputs at 1.25 MS/s/ch with 16-bit resolution; 20 M3/s total Al
throughput

« Four analog outputs, 3.33 MS/s, 16-bit resolution, 10V
= 48 digital /O lines (32 hardware-timed up to 10 MHz)
» Four 32-bit counterftimers for PWM, encoder, frequency, event counting, and more

Zoom/Alternate Images = Analog and digital triggering and advanced timing with NI-53TC3 technology
» Support for Windows 7M\istaXP/2000
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Cluster D: LF Card: NIPXle-6365

16-bit, 1 MS/s (scanning), 144 analog Inputs

- - 144 analog inputs, 2 MS/s 1-channel, 1 MS/s
multichannel; 16-bit resolution, £10 V

- 2 analog outputs, 2.86 MS/s, 16-bit resolution, +10 V

- 24 digital I/O lines (8 hardware-timed up to 10 MHz)

- Four 32-bit counter/timers for PWM, encoder,

| frequency, event counting, and more

- Analog and digital triggering and advanced timing with

NI-STC3 technology

144 Single-Ended channels / 72 Differential channels
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Problematic

= To handle a huge amount of data

= ... from very versatile devices (naming convention, signals ordering)
= ... from heavy file (200 kHz, 200 channels, 2 sec)

= To convert binary data to readable format into manageable files

= To standardize the data sets for automatic data post-processing and storage

- Develop a new data analysis framework able to:

= process with all SM18 data

= extract relevant information during a test to ease operator work
= analyse and report on the test results after a test

= Built-up a database
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Strategy
Full use of the new binary data convertor named “SM18 Data Access (SDA)”
Profit from National Instrument DIAdem software environment modern tools

Development of a dedicated program named “DIAdem-AQA”
to perform automatic quench analysis and replace old AQA.

Production of validated data sets for data and formatted test result reports
for sharing and archiving
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SDA convertor: from binary to .tdms file

I 5918 One A - Comrter T i | /— \
SM18 Data Access - CONVERTER version 2.0.0.3

Internal File(s)

Technic_al Data Management || —— - Srucure
Streaming (tdms) — | — e |||

LabView program |
Multiple files conversion '

Data ordering into group,
channels, properties.

HF, MF, LF data conversion

= Plan to convert the whole data
stored in SM18 servers.
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E NAVIGATOR: My DataFinder
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DIAdem environment

Hard-drive

Find View Settings Window Help
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F'C SCRIPT: Temporary Workspace

Script

P> |

ile Edit Script Settings Window Help

& B & 66 G20 WE e

External Data

«<Enter search term to find files in search areas> Search

-7 double_ouverture o

=7 concatenate =
] HCMBHDPOOO1_0000101_M1512091606_a013(0).tdms

-] HCMBHDPOOO1_0000101_M1512091606_a013(0).tdms_index

] HCMBHDPO001_0000101__M1512091606_a013(0)_C1_C2_coils.PNG

S ] HCMEHDPOOO1_0000101__M1512091606_a013(0)_C1_C2_coils_zoom.PNG -

< . T | R

File Browserl& Search Resur'tsf

Properties ¢ HCMBHDPOOO1_0000101_M1512091606_a013(0)_connection.PNG (File) &
Path CA\CERMN_work\11T_Dipole_CERMN\double_ouverture\HCMBHDPOOO1_0000101_... il

ii REPORT: Report_template_reference_4TDR

Edit View Insert Settings Window Help Report

- 5 5 ¥ A - & & [Mnimu. e v | & o[

FOR e

=L

Differenth | Va kage [¥] -

PRI T v P e vy

tine 1]

Ccall Chnilloc ({oMyname, ChLen,1l) °
Set Chn resistance = Grp Resistance.Channels (cMyname)

cable temperature

"-—- Compute> R = (T / I )

Channels =

[V1/[R]=[Chm]

Array({Chn resistance,Chn voltage,Chn_ current)
Symbols = Array("rR","O0","I")

Formula = "R = TTF( T < .1 , Wovalus=,
Call Calculate (Formula, Symbols,

U/ (T*1000) ) ®

Channels, "")

LEnd function

< | I
H I 1 I || H I\NoName(lJ.VES}\savep\'cture‘VBS)\resistance.VBSf'

Line: 24, Column: 17 Paste Not read only Modified UNICODE

¢ VIEW: View_reference.TDV

View
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DIAdem environment

A powerful Viewer

Handy

Easy, fast data access

Zoom and all!

At - T RP Bl k- 203~ MV Data portal internal Data [
v
- - - - - Name - [
Ew 0.44 E| E‘ . E‘ - 2‘0 B / 5 v [ current_cut
I 2 M2 2 2 V1 VoTap003403 003A02M 1 s~ voltage_ciff_cut
o o o o o a~ [12 DiffTot
S 0.2 S 18-104= So4 C5ED) RO s
o U DTy pyleKers Ve V1.V0Tap003404 003A03M_L ta
H i =N H = 1y
K] & 31512 3 0.5€00 630E-03 A
ERR 2 2 2 E . [fr- voltage_sum_cut
2 42 442 R = V1 VoTap003A05 003A04M 1 " ge_sum.(
i3 FoOlRE 3 =1dd 12 viotal
i 2 = = il 05E00 118603
2 7 . 5oz ; [ vsum1
£-0.24 2 12 2 V1 VoTap003A06_003A05M 1 =
! VB 002 i [ vsum2
i~ 2 = = N 05E00 139603
. T Pl “ol [ vsumCL
B -30 V1 VoTap003A07 003A06M 1
04 = 7l ! %% vsumcz
REPORT -0.041 o 0.5E00 52E-03 =
38 T | V1 VoTap003A08 003A07M 1 Vsumc3
o . ) 155803 T2 Vsumea
o o1 02 03 0.4 05 - - 1% veumett
tme (5] | < (] 3 1% vsumcLo
SCRIPT [ vsumczt
| @
Brt @R Drlevak |~ Y| [1% vsumc20
e 12 vsumcst
V1_VoTap003B01_003B02M_1 Structure j Li
V1_VoTap003802_003803M_1 voltage.dif 1]
Vli\/nTapUC@EﬂsiﬂﬂiﬁﬂﬁMil g deted index 2 02
v1_vnrapuusans_uus B07M_1 lOeted indess 1028
=L 2 = q_detect_index 4 1072
Y1/OTERO0TBOT COBOIML q detedt time -0.0164778873327109
VEVCT2p00BS OSAGEIMEE q_detect time 2 -0.0131169610955493
q detedt time 3 -0.0038744139433551
q_detect_time 4 4
q detedt voltage X g
q_detect_voltage 2 0.0494919270019678
-0.008 -0.006 0,004 -0.002 q_detect voltage 3| 0.241290249684358

P1: 3214 X-Cursorl: 0,600 Y-Cursorl: -0954

ml 2 D2 time [s] q_detect voltage 4. 0.410074276010879 |
\—// WA ]y [ current }y Coil 03 £ €oil.05 } Coil 103 } Coil 104 } tau } Vsum } resistance_coil ) Sheet 9 ) Sheet 10 }, Sheet 11



DIAdem environment

File Basic Channel Functions Curve Fitting SgnalAmlys- Statistics 3D Crash Settings Window Help
M8 amS

Advanced mathematical ~ s e | [ |

]
= qu quew- 160303162614 1_cmptd [

g
g
g

@[ Xechannek  time_cu/1] 1714824332404 X A3+ XA 6 KNS AT X N6 +BXNT
VIEW
- -4 1] T
Y-channet: current_cut/[1] i pas
unctions 5 :
Functions | Evaluation Points | Result Transfer | £ H
ns
ANALysls 4 X Setup Ev: ransfer

a2 3702

Very useful!

File Basic Channel Functions Curve Fitting Signal Analysis Statistics 3D Crash Settings Window Help
E e B8lamS

Channek: Joorenania g
oy ) = e —
Possibility to record actions = # ey
@j - :' DIAd

Dialog with Script mode g e o [ H—

l‘” Ismooth tau

SCRIPT
— File Edit Script Settings Window Help
Simply code your tasks! DoEd Ea s 86@EE 009
NAVIGATOR | | == I Enable Recording Mode[—————
_ Zi '-— VB3 =script file
::__'_ 3t '-— Created on 06/13/201& 14:21:25
:_ 4: '"—— Ruthor:
VEW | |5 e
i/w mRDz 2 7 IOpt:i_cn Explicit 'Forces the explici
HL-LHC PROJECT \L/

Hugo Bajas.



A

HiLumi Y

. HL-LHC PROJECT

Program developed within the
Script module

VBA language

Code structured into routine,
subroutine and functions

Performs automatic tasks
for signal analysis

» According to signal

(time, current, voltage,
temperature, pressure)

¢ According to signal family

(trigger, differential, direct,
protection, monitoring)

Create new analysis groups
Remove outliers

Smooth

offset

threshold detection

inductive voltage

resistive voltage

resistance

resistivity

hot spot temperature (3 methods)
time constant

Voltage derivative (15t and 24 )

‘ Data loading ‘
Data concatenation
| Data Saving \{
’ Load data ‘ ‘——‘I
Data reduction —

’ Data linearization

Data grouping
Quench detection =~——]
Trigger detection  E
Quench Heater ‘ —1
Current channel -

Voltage channel

Global energies and MIITs

Structure of DIAdem-AQA program

All channels from raw data

Different frequencies

Selectively the ;
concatenated data |

Cut between time intervals

Threshold detection on differential si

Threshold detection on trigger signal
Quench heater diagnostics

Smooth, fit, derivative, time const:
Peak field, gradient



GUI for DIAdem-AQA

AQA Parameters M
File Seftings | Time Range S5ettings | Advanced Settings
o< |
Please, check the following check-boxes if you want to:
User interaction Magnet type
?Verify the automatic quench detection ™ LHCMQY
" sMC
| verify the automatic maximum Vtotal value detection ¢ Dipole 11T
" Dipole 11T Mirror
| plot current, voltage and MITs into VIEW " LHC MB
" RMCO1
" RMCD2
" SMC_11T
" RMCO3
@ Dipole 11T double aperture

[ = oy seom s oS08
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b S0 = e 10381102
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1101
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Report Sheets

Trigger signals Quench detection signals

AQA_DIAdem
AQA DIAdem File: HCMBHDP0001_0000101_ M1602031743_a044(0)_computed susana
File: HCMBHDP0001_0000101_ M1602031743 a044(0) computed susana Tmax = 13.192 kA Quench detection threshold: 10 mV
Imax = 13.192 RA Quench detection threshold: 10 mV' — —Thy Sw : 0.5 —— Diff tot
E ~. —Mec_Sw gﬁ 044 —Diffitothg
= i .
& L £ |= Trigeer HF & 1 ——Diff_Apl
o] E ) = _
= = Trigger PC :_E 0.3 Diff Ap2
S - e - ]
T - 1025 = Trigger QHI E 24 A quench
1y = — Trigger QH2 - -
g0 = = ]
= N e A quench & 01 -
= é ) :
= = 1 Signal: Diff tot
4+ A to R R0
Quench heater delays: 0.1 Threshold 1
3T Dtl =-31.8 ms | q t =-12.35ms
Dt2 =-12.3 ms 02+ v .t =945mV
T T 023 Switch delays: 1 Threshold 2
—_ Dt_mec = -31.7 ms 031 q_t =-113ms
I Dt _thy=-32.0 ms 1 v B =98.53mV
. -0.4+ s
. 05 Auto detection: | Tlueaholdlié -
0 t f f f ; -0.3 Diff tot | ! | q_t =-10.52ms
02 -0l 0 0.1 0.2 03 04 05 Qt —-1235ms —0.% N VL =198.5mV
time [s] - v R : R

QA8 .
02/04/2016 TE-MSC-TF v EoAsmy time [S]

06/13/2016 TE-M2C-TF  H Bajas
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Current & MIITs

Report Sheets

AQA_DIAdem
File: HOMBHDPO001 0000101 M1602031743_a044(0)_computed_susana
[ =13.192 kA Miits = 14.83 MA s
= 2 0 = IDCCT_HF
ﬁ 18 {36 ~ current
- . -
& ; Ismooth
E 6} 132 F [—amrs o
.=. :_' - N
~ =
- d e =
14 83 =
Ent J 2 Quench detection
Signal: Diff tot
10 F 4 20 q t=-1235ms
vt =945mV
8 1 16
6 112
4 18
2k L
0 / t f f 0
0 0.1 0.2 03 0.4
time [s]

06/13/2016 TE-MSC-TF  H Bajas

Current & didt

AQA_DIAdem
File: HCMBHDP0001_ 0000101 M1602031743_2044(0) computed susana
Imax = 13,192 kA didt max=-1128 kAs ™'
= 7 |—IDCCT HF
ﬁ. ;
- :‘ Ismooth
g Z | didN
5 5 |——didt smoothN
) =
i =
6 F 4 -140
1 F 4 -160
2 F 4 -180
0 } f i =200
0 0.1 0.2 03 0.4
time [s]
06/13/2016 TE-MSC-TF  H Bajas
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Splice signals

Report

AQA_DIAdem

File: HCMBHDP0001_0000101_ M1602031743_a044(0) computed_susana

Imax = 13.192 kKA

03
0.21
0.1 1

04
-0.14
-0.2 1

Raw Voltage [V]

—=—CI1I11_Sp Out
—s—CI111_Sp_In
—=—C109 Sp In

——C109 Sp Out
—s—C106_Sp_Out

-0.3 1
-0.1 -0.05

-0.01 +

-0.02

2002 0016

06/13/2016 TE-MSC-TF  H Bajas

20012

0008 -0.004

7 EUCARD?
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0

0.004
time [s]

Sheets

Connection signals

AQA_DIAdem
File: HCMBHDP0001_0000101_ M1602031743_a044(0)_computed susana
Imax = 13.192 KA

= 01 ——VCONLA
& VCONLB
s ——VGLA
= e
= 1 —7—VGLB
~ 0.05
=
]
a4 === . <=t

0- -

-0.05 1
0.1 - — : L
-003  -0025 002 -0.015 -0.01 -0.005 0
time [s]

06/13/2016 TE-M2C-TF  H Bajas

Hugo Bajas




Report Sheets

Quench pattern

AQA_DIAdem AQA_DIAdem

File: HCMBHDP0001_0000101_ M1602031743 a044(0) computed susana File: HCMBHDP0001 0000101 M1602031743 2044(0) computed susana

Coil 106 Outer Layer Coil 106 Inner Layer Coil 109 Outer Laver Coil 109 Inner Layer

—
= 10 | 1V —5— EES500-EE6017] =10 ——mmor ] 10 —=— EES910_EESIL
Py G EEGI12-EEI1L =& EEO12-ER6011 = o201 RSO e EES500-FES500)
] el EESIL1-EESTI0 < EE60LL-ER60L @ - L EEP1I_EESIZ
= —— EEEOI0-EE609 of i EE902 TE903 -
E S —— EESILOZESTS s 5 / EESI3_EES
= i EEE00-EESCR = = EE903_EESQ4 tfo EE914_EESIS
S b EESI5.ERGIS EE608-TE507 ° b EE9O4_EE503 EE015_EESIS
= 0 S " EE$18-ERSTT L L L » _ _ EE607-EE608 - EE903_EES06 ] EE916_EESI7
_h# EESI7-EE6L6 e S < 5 B L S EE608-EE60S [ - P - o g EE905 £ESOT i ju——
g | 3 » i - ——
EES07_EE90E :
2 S EE604-EE603 E
—5— EE5IS-EE6l4 o o £90% RS0 S EEP19_EESII0
FES14-EESI3 —— —— EEST10_EE9I11
-5 7 | EE60 EESC1 -5 = EE509_FES010 (5 EES111_EESII2
= EEI3-EFS12 i EESO1 EESILS == EE3010_EES0LL i EE912_EES113
—f— EEsI2-EEGLL | EEEI15-EEGIL4 mfim EES011_EES0L2 —#— EES113 EES114
10 —f@— EE51L-EES6IL 0 —H— EE6I14-EEG1L3 10 —G— 3012 EEOL 0 —3— FEa1l4_EFSILS
-0.02 -0.016 -0.012 -0.008 -0.004 0 .02 -0.016 -0.012 -0.008 -0.004 0 20.02 -0.016 -0.012 -0.008 -0.004 02 -0.016 -0.012 -0.008 -0.004

Coil 108 Outer Layer

Coil 108 Inner L

10
EESBI_EEAIL EESI14_EEBI1S
= s i ¥ 10 == EES1101-EE1 1017 =S FE1L1I3-EE1 1117
=G EE2I1_EESI2 =G EESI15_EEEOL G EE11012.EEL1OL %
il EESI2_EESI3 |l EEBO1_EES02 - —&— EE1NZEEILN
| EE11011-EEL109 e EE1L111-EE1 LI
5 = EEZI3_EESI4 e EES02_EES03 5 e EELIOS-EENLCE | S ——
b EE214_EESIS i EEB03_EES04 EELIOG.PELLET EELLIIO-EELLD
EESIS_EEBI6 EES04_EESOS EE“W-EEI 108 S EELLI-EENLLIS
i~ L - . ~ - EESI6_EESI7 EE80S_EES06 EELIOG.PELLOS =— EELLIS-EELLIT
[ e e EE8I7_EESIS ﬁ% EE805_EES07 O Tl b i) [ —— 5 ERILIT-EELS
=S EEIE_EESIZ =S EES07_EES08 [t S FE1104.EE1103 EE1LIE-EE1115
i EEAI3_EFBIL0 i EEBCE_EESO® EELIO3PELI0 =S EE1I5-EE1114
-5 s EESI10_EESI11 | = EES09_EEZ010 5 S EE1102.ER1101 il EE1114-FE1113
e EE2I11_EESI12 e EESO10_EEEO11 e EE1101.5E11115 —— EElLB-EENER
—f— EESI12 EEGII3 —=— EE8011_EEB012] S —— mfm EE1LI2.EEL1IL
.10 ; =B EFsn3 EREI4 .10 B EE012. FESBO 10 | == munsrmnns | o —&— EE1LI-EES1 I
-0.02 -0.016 -0.012 -0.008 -0.004 0 -0.02 -0.016 -0.012 -0.008 -0.004 0 20.02 -0.016-0.012-0.008 -0.004 0 20.02 -0.016 -0.012 -0.008 -0.004 0
time [s i
02/05/2016 TE-MSC-TF [s] 020542016 TE-MSC.TF time [s]

7 EUCARD?
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Coil 111 Outer Layer

Coil 111 Inner Layer
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Report Sheets

Decay time constant Coil resistance

AQA_DIAdem AQA_DIAdem
File: HCMBHDP0001_0000101_ M1602031743_a044(0)_computed susana File: HCMBHDP0001_0000101_ M1602031743_a044(0)_computed susana

Imax = 13.192 KA Imax = 13.192 KA
04
038+
0364 R_magnet
034+
032+
03+
028+
026 F
024+
022 F
100 024
018+
016+
014+
0124
01T
0.0s F
0.06
0.04F
0.02F
—+—+—+—t—+—+—+—+—+—+—+—+—+t—+—+—+—+—F—+—+—+—+—F—+—+—+—+ B e e e e R T T e S e S
0 0.05 0.1 0.15 02 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3

time [s] time [s]
6/13/2016 TE-MSC-TF  H. Bajas 06/13/2016 TE-MSC-TF  H Bajas

——curent tau

— Vtotal tau

R_dump

11me constan |msj
Resistance [Q]

[=]
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Quench Heater diagnostic

Quench heater integrity check

AQA_DIAdem
File: HCLMRMC003_CR101201__M1606021449_hh049(0)_cmptd
AUtO m atl C d e I ay CO m p Utatl O n Imax = 5.704 kKA Quench detection threshold: 1 mV
= 10 19° & [—biff_tof
E - _-_ H: g;] gn A quench
B 3 - = |=—1 Heaterl
Example for an LHC-MB = Ll 102 2 | — 1 heaten2
: L T01 —E —1 Heater3
1; 1 '
é 40 T0 § —1 Heater4
I T-01 &
] =
Example for RMC | \:'0.2 A
0 (03 Detection on: Diff tot
I T -0.4 Manual: -21.22 ms
-20 i? { 1 ?-0-5 Auto: -65.41 ms
-0.2 -0.1 0 0.1 . 0.2 45 58 ms
time [s] -21.22 ms

‘> HL'L% PHOJECTi j @ D2

Delays U Heater!:

DT ( 1mV)=21.3ms
DT (10 mV)=41.1 ms
DT (50 mV)=65.4 ms

06/02/2016 TE-MSC-TF  H Bajas

Delays U Heater2:

DT ( 1mV)=0.0 ms
DT (10 mV)= 0.0 ms
DT (50 mV)= 0.0 ms

Delays U Heater3:

DT ( 1mV)=0.0 ms
DT (10 mV)= 0.0 ms
DT (50 mV)=0.0 ms

Delays U Heaterd:
DT ( 1mV)=0.0 ms
DT (10 mV)= 0.0 ms
DT (50 mV)= 0.0 ms

Hugo Bajas




Quench Heater test in RMC

— |

Quench file: RMC - Quench Heater Efficiency

— 0.25
- . —®—|Coi1l 1 |Lower Layer |Low Field
S o02%
[<] 1 —&—|Coil1 |LowerLayer |HighField
ey [
5 0.15 ':' —&—|Coil 1 |Upper Layer |Low Field
=) .\\ A |Coil 1 |Upper Layer |High Field
= 01+
@
g
= 005+
ol
0.2 0.9
I/Iss
0.25 1
I —®—|Coil 2 |Lower Layer |Low Field
02 —#—|Coil2 |Lower Layer |High Field (‘)-uenCh detection:
. Threshold: 10 mV
0.15 I —&—|Coil2 |Upper Layer |Low Field
E Upper Layer |High Field
01 ¥
0.05 —— — Quench Heater:
. R — Current: 60 A
0+ : : : : : :
02 03 0.4 0.5 06 0.7 08 0.9
I/1ss
06/13/20146, 17:37:50
i § 2
HL lI.HC F'WOJECTl / EUCARD H
N~ Courtesy of Jose Vicente Lorenzo Gomez

Hugo Bajas



Raw Voltage [V]

Works for “MQXFS1” FermiLab!

AQA_DIAdem
File: mgxfs1 Quench 160303123932 1 cmptd I=1524KkA
Coil 003 Outer Layer Coil 003 Inner Layer
0.57 0.5

—=— 003B01_003E02 =5 103402 00340
04 i 003B02_003B03 04 Il
e (103 A04_003 AL
0.3 —L—onzsos_gozeos | 03 e OU3ADS O340
0.2 e 003E04_003B05 [ () D = 003406_00340:
= D03407_003AD
0.1 T et oot 0.1 "/ﬁ : 00340%_O03AT
YRRV SO BN I 1 R ¥

-0.03 -0.025 -0.02 -0.015 -0.01 -0.005 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005

Coil 005 Outer Laver Coil 005 Inner Layer
0.3 == 003501_005B02 03 = 005402_00540
0.4 ——005B02_005B03 | () =i 005403 _005A0
L D05B03_00SEL4 L 005404_00SAQ
03 == 003B04_005BO5 03 = 005405_00540
0.2 e 003805 05806 | () — e DD5406_DOSA0:
00SBOS_00SBO7 005407_D0SAD
0.1 nosan7_oosess | 0.1 005A08_00540
LTIV Y TETY | I &i\ ohn AAM AL e

0 i T = o =
-0.03 -0.025 -0.02 -0.015 -0.01 -0.005

0&/12/201¢ TE-MESC-TF  H Bajas

-0 03 -0.025 -0.02 -0.015 -0.01 -0.005
time [s]

é HEHC PRO. JECTii @Dz

Raw Voltage [V]

AQA_DIAdem
File: mgxfs1 Quench 160307161949 1 ciptd I=16.94KkA
Coil 103 Outer Layer Coil 103 Inner Layer
0.5 0.5
== 103E02_103B01 =S 103401_LO3AD:
04 04 e L03404_103AD:
=== 103B03_103B02
0.3 0.3 i 103403 _LO3AD
i 103B04_103B03
0.2 02 103406_L03AD
e 103EB05_103B04
01 103407_LO3AD
= 103B05_103B05 103403_103E0
N ool lennkagile,
-0.03 -0.025 -0.02 -0. 015 -0.01 -0. 005 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005

Coil 104 Outer Layer

Coil 104 Inner Layer

104408 _104E08

0.5 0.5
5 104502_104B0L 10440110440
0.4 —— 104803104802 | ()
) . o 104404 _1 0 AL
L 104B04_104B03
03 = 104505_104B04 03 b 104405 _104A0
0.2 104305104805 | () o |40 1040
104B07_104B0&
104A07_104401
0.1 104B08_104E07 0.1 /
104408 _104B0
0_@351@54&%%@&.@ BITTE PV I TT IO A e

0.03 -0.025 -0.02 -0.015 -0.01 -0.005

06/12/201¢ TE-MEC-TF  H Bajas

0.03 -0.025 -0.02 -0.015 -0.01 -0.005
time [s]

Hugo Bajas




Works for “MQXFS1” FermiLab!

AQA_DIAdem

AQA_DIAdem
AQA_DIAdem
- AQA_DIAdem
-
— - AQA_DIAdem
& -
g & — AQA_DIAdem
=13
L = — AQA_DIAdem ‘
[ g -
= £ E -: — AQA_DIAdem !
= = -
ElE r= 5 AQA_DIAdem ;
o e v
E Vs F D~ AQA_DIAdem I
- = e '
E @ —o' e File: mqxfs1_Quench 160302185331 1 cmptd Z
" = z - £ O E,
Z 5 A ax — 14.25 f

S

Old SunOs... stiil accessible though!
Routine for Fermi data extraction... send file by email.

(Stoyan!)

N

N
06/1:
06/1:
100 +
06/1:
06/1:
05/1: S50 4+
B 06/1:
2 08/1%
/-EuCARD R

08/1% 0 0.1 0.2 0.3 0.4 0.5 0.6

\lx\_____/ , ! 0. 0. ( !
08/12 time [s]




Advanced training plot for SMC runs

— — 0.5
T sk Z C2 L1213 UL Ul
= g, 045 | Ul U2
5] E ol J U2 U3
E 14 Mﬂ 2 - — N ]
5 o n.-‘fu Aoy C o035t n E
= a A z U ] L7 11
g 13 F o ~ 03 F { Lo L7
& ma 025 L5 L6
12 F =14 L5
A "AAM“. 02 —U4 U
0k — 542K 015 —1]5_ U6
— 519K 01 ——U6_U7
10} Asox ' —U7 LI
019k 0.05 ey " i i H e =—11 12
9 F ! I I Q I111ter'm T . 02 I‘ . ti:ﬁ
0 10 20 30 40 50 2003 -0.025 -0.02 -0.015 -0.01 -0.003 0
Quench number [-] time [s]
SMC3a_ M1107061456_a49
quench # 40
I =13.95kA toveney, = -10-2ms
max quench
B = 1257 MIITs = 5.85 MA® s

HL-I:HC PBOJECTi’ mAR D?
\_/

Hugo Bajas




Movie for training... SMC11T_1 Run1

—_
-

I
n

g > - UI Ul
— o 0.45 Ul U2
= = I N
g 16 | % = 04 U2 U3
0 i éﬁgﬂg > i —U3 U4
2 N
2 & oo e O|7% 035} o
2 15 o u| 5
5 a0 & 037 L6 L7
& S 0.25 R
14 F ] = T4 15
027 —U4 U5
—U5 U6
Br " ——U6_U7
0.1 -
M = | : : —0U7 LI
al 42K 0.05 (i et ok ™ =—LlL2
O 19K 0 00 ot i, | L A il ——12 13
O 217<T<43K 13 14
11 PSRN R ST S S NN S ST N S R S S NPT ST N TENT SRV N R N N _005 PRI S VI R S RS SR U N S S N BN R 1R L " |
0 10 20 30 40 50 60 70 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005 0
Quench number [-] . time [s]

EEsiun

Source file: 01506091125 na01(1) cmptd. TDMS

quench # 1

I =1055kA t ooy = -11.05 ms
quenc

Bpea =99T MIITs = 2.76 MA * 5

HL-I!HC PBOJECTi! mAR D2
\\_/

Hugo Bajas




Statistic on Quench location

) _ run_ 1
=
2 7 ®run 2
Q
5 7 Emrun 3
(T
s mrun 4
H —
'dé 1 Wrun 5
Z u ll | Il run_6
0 | I . EE L1 run_7

Low
field L1 12 1314 L[4L5 U7LI U6 U7 US U6 U4 US U3 U4 H run_8

‘mwwj? 7 EUCARD?

~—— Hugo Bajas



Easy Access: All Nb,;Sn magnet I,

110%

100%

90%

80%

I/ I

70%

60%

50%

wlc/lss @ 1.9 K

mlc/lss @42 K

PIT288 PIT288 RRP 108/127 RRP 108/
SMC3a SMC3b  SMCIIT 1 SMCI111
96.9% 71.4% 99.5% 96.8%
94.5% 91.3% 94.2% 87.5%

‘; i i’
HL-LHC PROJECT

Magnet Quench Cuerrent (kA)

22

20

18

16

14

12

10

042K a
7/
019K 4
/
/|
2/ o
d/
o8
m/o @]
o/ s
// @)
AV
Q7
//
l//
R
// =
/
/
10 12 14 16 18 20 22

Cable Critical Current (A)

1 |

RRP132/169
ﬁ};?g’f}; RRP 108/127 RRP 108/127 & RRP
1087127

HQU1 HQO2 HQO3  MQXFSI
84.9% 95.4% 100.1% 93.0%

84.8% 94.2% 89.9% 84.2%

_mnoz
\_//

Hugo Bajas




Easy Access: SMCs Hot Spot Temperature

— 240
7 B Method 1| SMCIIT 1
= 2204 © Method1!SMCIIT?2 ’
A Method 2 | SMC1IT 1
200 A Method 2 | SMCLIT 2
¢ Method 3 | SMCIIT 1
18071 0 Method 3 SMCLIT 2

160 J|——Analytical B=12 T RRR 20
[l = Analytical B=12 T RRR 50
Analytical B=12 T RRR 130

-0.06 -0.04 -0.02

v everro?

Hugo Bajas



Long Acquistion...

‘ ik Pmm‘, /?Emw

\\_/ Hugo Bajas



Residual Resistivity Ratio calculation

Quench file: RMC_Double_coil RRR_2015_09_02-08_32_13 dmm

— 300

[ EE1M-EESIU

_—

ﬁ EETU2-EETUN

~ 250 e - 1U3-EE1U2

§ e EESILI-EE LS
EE1L5-EE1L4

EES2UI-EE2UM
EE2U1-EE2U2
EE2U2-EE2U3
e EE2L 5-EES2L

150 +
EEZL4-EE2L5
100
50 1
0 — T ————————+——+——+—,
0 5 10 15
time [h]

(oY 7 evear?

R/R(Te¢) [-]

Quench file: RMC_Double_coil RRR_2015_09_02-08_32_13 dmm

10
EE1UI-EESTUI
EETU2-EETUT
A e £ 1U3-EE1U2
| EESILI-EELS
75T EEIL5-EEIL4
EES2UHEE2U1
EE2U1-EE2U2
EE2U2-EE2U3
54 | EE2L5-EESILI
EE2L4-EE2L5
251
=
0 —t et B
14 14.25 14.5 14.75
Hugo Bajas




Magnet inductance computation

HQO1

1 T
& = Computed
Yo S . ¢ Experimental @ 1.9 K
A g . = Moving average .
@
9%, odo & 009 g
| N RMCO03
&2 % g .
o o ?) o S 4o 9 — - 3
% & 5 9 o o %% 00 E Fitting function: L([)/L0=al +a2/1+a3/1"3 —=—Total
5.8 00092 E g L al=5.92 , a2=1306.94, a3= 6.70E+08 A4 RRP anil
® ® °°o o op =
5.6 hd Quench file: HCLMSMC003_00000101_3 TLoss 2015 09 18-10_ 11 48 dmm.csv_3
6 1 2k
t
54 =) 1 : : 0.01 =
6 F = VU2_U3_cycle_1_inductance =
52 = ——VL5 L6 cycle 1 inductance -
5F ——VU3_U4_cycle_1_inductance
5 0751 — VL4 L5 cycle 1 inductance  [| 0.0075
0 3000 6000 9000 12000 15000 4 —— VU4 U5 _cyele | inductance
—_— 7 ev i
|| [ A] 5 [ VL1_L2 cycle 1 inductance
05+ =+ 0.005
2 -
1 -
0.25 1 -+ 0.0025
0 H——+ T

0 - I I I ! | 0

i i //— 2 0 2500 5000 7500 10000 12500 15000
(oY 7 evearo




HCLMRMC-CRO00101_Splices_2015_07_08-03_15_36_dmm.csv

— 20000
< = IDCCT
= 1
g » IDCCT eut
£ 15000 -
=
=
o 1

10000 -

5000 +
0 t } t } +

Voltage [V]
&
2
}

! m m ﬂ ﬂ i
T y ¥ b4
-5E-06 = —=— 3plices31Ui-Uc
T = 3plicesB1Ui-Uo_cut
-1E-05 t } + } t } f f t
0 250 500 750 1000 1250 1500
time [s]

7 EUCARD?

Splice resistance analysis

HCLMRMC-CRO00101_Splices_2015_07_08-03_15_36_dmm.csv

Splice Name Resistance value [nQ2]
. SplicesS1Ui-Uo_cut
———| RegY_SplicesS1Ui-Uo_cut |0.164
A |AsithmeticMean
- SplicesS1Li-Lo_cut
—|RegY_SplicesS1Li-Lo_cut [0.176
$ |ArithmeticMean
; 8E-06
- 1
e 7E-06
= 4
S
» 6E06
5E-06 T
4E-06
3E-06
2E-06
1E-06
] t } t { t } t } +
0 5000 10000 15000 20000 25000

Current [A]

Hugo Bajas




AC loss data analysis

z 15000 [ o
= 1600 = 12500+ fP‘ ﬂ [A]
. s - A A1000
8 1400 /‘ = 10000+ T == \/sum_plateau_1 A LT
— -~ E 7500 I L4 | === \surn_plateau_2 e A 2000
3 U0 L o
1200 ﬁ | 1l : Vaum_platean_3 A A3000
5000 + == \/sum_plateau_4 l
| — S it 5] A 4000
1000 2500 + 4 ] szﬂ_zlztzzz_ﬁ =
I | B A
200 0 e ‘E M I I ] P Yeum_plateau_7 ﬁ 46000
Veum_plateau_s [V A A 8000
600 -2500 f t f t === Y/5Um_plateau_9 A
_’-:‘ <%= Vsum_plateau_10 410000
400 l: == sum_plateau_11 B A 12000
g.f' == Vsum_plateau_12 [ .. ATTA
200 % == Vsum_plateau_13 A 13000
- === \/sum_plateau_14 A 14000
0
0 2000 4000 6000 0 800 1000
RR [A/s]
-0.6 —
0 2000 4000 6000 8000 10000

time [s]

‘ HL-EI‘% PHOJECTif '\Q@DL

Hugo Bajas




Concluding remarks

Time constant of the discharge: still missing ingredient... dynamic inductance,
resistance built-up?

AC loss: room for improvement in term of statistics (other coils)

Dump resistance at FermiLab: interesting...

Hot Spot Temperature!

‘HltuD 7 EUCARD?

N Hugo Bajas



Thank you for your attention

Special acknolegment to Fatima Gomez delaCruz, Jose Vicento Gomez,, Antonella
Chiuchuiolo, Gerard Willering, Jerome Feuvrier, Vincent Desbiolles, Juan Carlos Perez,
Chrisitan Giloux, Maryline Charrondiere, Marta Bajko....

7 EUCARD?
\\—/
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Time constant issue

AQA_DIAdem
File: mqxfs1 Quench 160419154948 1 cmptd

Imax = 8.261 kA

g 1000 — Ismooth_tau
= —— Vtotal_tau
E
w
g
© 750 +
@
£
=~
500
250 +
0 e
0 0.1 02 0.3 0.4 0.5 0.0
time [s]

. 06/13/201¢ TE-MSC-TF  H Bajas

‘ HL-I!I% PHOJECTi! @D2

Hugo Bajas




Coll resistance or Dynamic Inductance

AQA_DIAdem
File: mqxfs1 Quench 160420111348 1 cmptd
Imax = 3.334 kKA
— 0.1 005 —m |—
o o Vtotal
P P Vsuml
L= (5]
5 5 Vsum?2
z 008 F 1004 2 |——vVsumC1
w o
é é ——VsumC2
——VsumC3
0.06 1 0.03 —t VsumC4
0.04 4 0.02
0.02 4 0.01

. 06/13/201¢ TE-MSC-TF  H Bajas

&l P.mm" .@02

Hugo Bajas



Coll resistance or Dynamic Inductance

AQA_DIAdem
File: mqxfs1 Quench 160420110246 1 cmptd

Imax = 1.712 kKA

— 0.16 0.016
g —— Dump resistance E
2 014 b —— Magnet %'esistance 4 0014 ':
= —— Magnet inductancg E
z ] =
§ 012 F {0012 %
=
=
0.01
0.008
0.006
0.004
0.002
b, s i dad 3. . ke ()
0 0.1 02 0.3 0.4 0.5 0.0
time [s]

. 06/13/201¢ TE-MSC-TF  H Bajas

&l P.mm" .@02

Hugo Bajas




MQXFS time constant

AQA_DIAdem
File: mqxfs1 Quench 160318155340 1 cmptd

Imax = 18.093 kA

300

— Ismooth_tau
— Vtotal tau
— Vtotal I, R

250 1

200 1

Time constan [ms]

150 4

100

i At
0 0.1 02 03 0.4 0.5 0.6

/“j time [s]
L > K"osﬂz{zom TE,MSC -TF H. Bajas
‘ HL-I!HC PHOJECTI CA'RD

Hugo Bajas




MQXFS resistance growth

AQA_DIAdem
File: mqxfs1_Quench_160304120151_1_cmptd
Imax = 16.402 kA
— 016 008 — T
e =) Vtotal
P P Vsuml
=] 1 F - 7
£ 0.14 0.0 E Vsum?2
% 01 ‘Z VsumCl1
- E
5} i 5} Ta 1
= I~ VsumC?2
01 b —=—VsumC3
' —4—VsumC4
0.08
0.00
0.04
0.02 F
0

06/12/2016 TE-M3C-TF  H. Bajas

&l PW" .@02

Hugo Bajas




What I1s more?

‘mw? 7 EuCARD?

N Hugo Bajas



Hot Spot Temperature (HQO02)

3 350 z 500
= + | —=—|[16B10-A10 |from Ul.dt (T TN 17A10-B10  |from Ul.dt
325 | ——{16A10-A09 |from ULdt 450 1| ——{17A00-A10 [from ULdt
300 - 16A07-A06 [from Ul.dt 425 1 17A08-A09 [from UlLdt
T|——|16B10-A10 |from f(rho) 1| ——|17A10-B10 |from f(rho)
275 -H 400 1
1 [—[16A10-A09 |from f(rho) 375 | —|17A09-A10 |from f(rho)
250 - 16A07-A06 |from f(rho) L5 350 1 17A08-A09 [from f(rho)
T Theorie from RI2.dt T |——|Theorie from RI2.dt
225 325 H
i e -t 300 +
200 Il T
] 275 1+
175 250
1 225 1 . 3
150 + +
p 200 +
125 175 4+
100 | 150
R 125 +
75 100 F
50 75 4+
h 50 4+
25 b
] 25
P [ R T i P I I RN AT RN AR I AP RN R
0 — e S A A S A S A R S S R S A S S S
0 0.1 0.2 0.3 04 0 0.1 0.2 0.3 0.4 0.5 086 0.7 0.8 0.9 1
time [s] time [s]

Hugo Bajas



Hot Spot Temperature (HQO2)

— 175
g —— 11 Miits, delay 6ms, CLIQ + 10 mOhm = °T _ |— Power Convertor voltage{_
E 1 —— 13 Miits, delay 15 ms, PH + 40 mOhm %
§ 15 ———13.5 Miits, delay 25ms, PH + 40 mOhm =
—— 15.8 Miits, delay 66ms, PH + 40 mOhm =
125+
T E — Whole magnet
10 e — Coil 20
‘;‘ — Coil 15
T+ § —Co?l 17 |
el : Coil 16
i
1 E 125
S 104
251 © ;5]
5 <
1 2.5
0 ' ! - J ! 07002:Jﬁ:0#02:0514Icnloelnloa:cj1:0]'12:olmle=16 018 02
0 0.025 0.05 0.075 01 0.125 0.15 0.175 0.2 : : : : : '

time [s] time [s]

&l P.mm" .@02

Hugo Bajas



Example with “MQXFS1” FermiLab set data

AQA_DIAdem
File: mmgxfs1 Quench 160302185331 1 cmptd I=1425KkA
e Coil 103 Outer Layer 5 Coil 103 Inner Layer
% - == 103502_103B01 ) = 103401_103A0:
g 0.4 04
- i 10340410340,
= === 103B03_103B02
':’ 0.3 03 e 103A0S5_LOTALY
z i 103B04_103B03
é 02 02 L103406_LO3AT
e 103E05_103B04
0 1 01 103407_10340:
Nahsnst A motmnaag— | IR RUARRANRRRR R oeiom
-0.03 -0.025 -0.02 -0.015 -0.01 -0.005 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005
0.5 Coil 104 Outer Layer 0.5 Coil 104 Inner Layer
) e 104502_104B01 : e 104401 _10440:
04 == 104503 108802 | () |
e 104404 _10440.
i 104B04_104B03
03 e 104505 _104B04 03 i 10405104404
02 b 104B06_104B05 02 104405_10440
104B07_104B06
0- 1 104B08_104B07 01 TR
O_SIEI&“ E&Mﬁlﬁ&%ﬂﬁé s OTIWI llWlﬂAl l E,l A i.- .ll_ AR Lo
-0.03 -0.025 -0.02 -0.015 -0.01 -0.005 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005
06/12/2016 TE-MSC-TF  H Bajas time [s]
LumY 7 EuCARD?
HL-LHC PROJECT \\_// Hugo Bajas




AQA_DIAdem

File: mqxfs1 Quench 160302185331 1 cmptd I=1425kKA

Coil 003 Outer Layer Coil 003 Inner Layer
E 03 S 003501003502 0.3 == 003402_00340
%“ 04 P — 0.4 o 003403 00340
3 £ 003404_00340
; 0.3 el L T
é 02 e 003B04_003B05 | (). S 003405_00340;
003407_00340
0.1 R N [
bon 80 80, Al | |80 s B L b g A e

-0.03 -0.025 -0.02 -0.015 -0.01 -0.005 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005

05 Coil 005 Outer Layer 05 Coil 005 Inner Layer
wmmfie (105B01_0O0SEO2 mmfemfee 005 A02_00SAD]
04+ == 005802 005803 | () 4 1 ‘=G DOSAD3_DOSAL:
£ 005BO3_005B04 i DDSAD4_DDSAD
0371 I S s
0 . 2 1 st (105B05_O0SBOE A i Q05 AD6_D0SAD:
005B0E_00SE07 " 005A07_005ADE

-0.03 -0.025 -0.02 -0.015 -0.01 -0.005 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005

06/12/2016 TE-MSC-TF  H Bajas time [s]

Hugo Bajas




HL-

LHLC- PROJECTI !

Training of RMC-03 1St run

g 20
5
5
hu ..I “u o
ERE o "
] ]
C:Y o u L | 4
] o YO !
‘AMAAAAI o
A
16 FAA
—Iss42K
— s 19K
A 12K
O 19K
O interm. T
14 L L L
0 10 20 30 40

Quench number [-]

HCLMRMC003 CRI101201 MI1509081728 a017

quench # 24

I =17.45kA t

max

B

peak

=153T

7 EUCARD?
(_EuChR

quench

=-10.83 ms

MIITs = 19.21 MA * s

V]

—_

[

Raw Voltage

0.5
0.45
0.4
0.35
0.3
0.25

Coil 1 C1_U2U1 '

UL Ul
—Ul 2
L5 Li
—— 14 L5
—U2 U3
—3
—— U4 US
—_U5 L1
—— 1Ll 12
12 L3

——13 14

-0.02 -0.015 -0.01 -0.005 0

U4 (L3)
U3 (L2)

U5 (L4)

ul® u2(n
Li

Hugo Bajas




HL-

LHLC- PROJECTI !

Training of RMC-03 25t run

(]
[=]

=
2
5
=
S I8 F
2]
& -—
..oo'.”o. EEg W
AA mgm Q@
Ad
|
16 Fa
— 542K
— s 19K
A s2K
O 19K
Q interm. T
14 L L
0 10 20 30

Quench number [-]

HCLMRMCO003 CR101201  M1605271413 b017
quench # 19

[ = 17.22KkA e = ~9-23 3
B = 151T MIITs = 18.07 MA ~ s
- 2
7 EUCARD
\-\_/

— 05 - :
=, Coil1 C1 U2U1 \ UL U1
o 045 F
I ‘ —_—T11_ 12
= 04 _
= L3 Li
5 0.35
= ——14 L5
~© 03
—_—12 13
0.25
—U3 U4
0.2 -
—14_U3
0.15
—T5 L1
0.1
‘ —=—1L1 12
0.05
1213
0
‘ . —=—13 14
-0.05 L TRl TV ARE -
-0.03  -0025 -0.02 -0.015 -0.01 -0.005 0

U3 (L2)

Ut® uz2(n
Li

U4 (L3)

U5 (L4)

time [s]
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