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STAARQ test stand — Overview of the main subsystems

= ‘ : l = Meas = Meas
“[ Magnet Acquisition . Meas " Boolean
System = Boolean
General Acquisition
using Ethernet (ASnet) = Meas
V' = Boolean
_ v
. gﬂoﬁfean “1 Magnet Power System (MPS) : BMof}Zan Magnet Safety System (MSS)
’l Power supply, Breaker, DCCT* ... Quench Detection, Fast
* Meas discharge ...

= Boolean l
u MeasT

Cryostat Electrical circuit
Current leads, Magnet Dispatching\
Busbars ... System (MDS)

Q:, ‘ h 4 h 4 Voltage
"1 Magnet Control System (MCS) I taps Voltage taps

API for vacuum, Cryogenics, Magnet d'Str'b,Utlon gnd e
[ ] Meas n OptIOI’) )
command/control ... B MQ or MQYY
= Boolean
1 )
Heaters H ;
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= Boolean Magnet Heaters System (MHS) * Boolean
Warming if fast discharge
= Meas
= Boolean

= Meas = Measurements
*DCCT = DC Current Transformer = Boolean = 24 V logic
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STAARQ — General layout of the instrumentation

from Magnet Power
System (not shown)

Control Room
and NAS* disk

Digital MSS  Dispatching %.9 T %&

(1 cabinet) (1 cabinet)

Magnet

Control

System
(3 cabinets)

Analogue MSS

Magnet and acquisition
Heaters (3 cabinets)
System

(1 cabinet)

CERN - CEA

*NAS = Network Attached Storage

MSS for STAARQ Test Stand — 4th Superconducting Magnet Test Facility Workshop — Salerno 24/26 avr 2023 4



Architecture of the magnet safety system

= Two MSS in redundancy for the quench detection

= Adigital MSS (new system)

= An analogue MSS (well-known MSS used for several magnets)
= The digital MSS is configured to first detect the quench

Magnet MQYY

- O o>,
Rt N Al .
. Curl'ent lead - :\ - I,;I _____ Main MSS
5 L/ g"' o . r D
- - Dup2_V21 )
B — Digital MSS Power
Magnet MQ | = S Magnet breaker
"-11,2mH : . A
* I nom = 11850 A '. L/a g ll ] Dispatching
. - !\ Dup3_v2 Dup2_v1) /
=150 e LN N4 System (MDS) K
« Rdump - 40 mO P Redundant MSS

=L=76mH

:I /Z)u p3_W1 —r_
I
1

Voltage taps )

= | nom=4590 A s
= | max = 6000 A i D 1V21 A
= di/dt = 20 t0 45 Afs | L/a P
= Rdump = 100 mQ 1 | -
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i e T
JJ -~
| v Vo 4 Dupl_V /
P — \”f — L.l ,’J L/ Y.
L/ | -
+ ' Current lead + [ A l
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(Only the voltage taps and the measurements

for the MSS are represented )
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Organization of
the wiring to
build the
measurements

— [ Analogue MSS ] /

\
_———p |Magnet Acquisition)
'\ System "



DISPATCHING cabinet for MQ and MQYY magnets
Electrical circuit Front view Rear view
T Current leads, T N .

Busbars ...
Voltage taps
Magnet g p>
MQ or MQYY

1

\ Cryostat )

| = Digital MSS
= Analogue MSS
= Acquisition

Measurement>

= |nternal connections of VT
wires to a set of backplanes

= Each board can select 2*2 VT
to make 2 measurements

= Connectors, cables and wires can withstand high voltage (tested at 1500 V for STAARQ)
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Cabinets of the analogue MSS and the acquisition

Front-end PC of the acquisition

Front view Rear view
e e——— N k R ——————————— —
} Cabinet 1 uumm ; ; Cabinet 3 = Cabinet 3glil| '\ E=Cabinet 2y / ﬁ

Logic Inputs/Outputs Measurements of

Analogue MSS Measurements of (24V logic standard) Analogue MSS

N the acquisition
the acquisition q

= New subsystems designed for the digital MSS and compatible
with the existing analogue MSS/Acquisition
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Digital MSS cabinet

= 23 measurements (48 max) — 11 quench detectors (24 max)

Graphic user interface for = 9 logic outputs (16 max) - 3 logic inputs (16 max)
the command/control and
the monitoring Front view Rear view

cRIO 9039 for MSS
Ethernet . . .
Digital processing

i [ -
: l

Logicl/O  ADC

Cryostat Measurements
4 Heaters from DISPATCHING
% and DCCT

o
Current leads

8

*DCCT = DC Current Transformer
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Inputs/Outputs
Power Supply (24V logic)
Power contactor| _ _
DCCT* h -
Cmds/Ctris

Main supplies distribution
Vrms =230V ; Irms=1,15A
(from a UPS)

24V Power supplies
- " cRIO 9039
= Measurements chassis

HV isolated analogue
measurements from
= Current leads (CL)
= Busbars
= Magnet coils

Logic Inputs/Outputs
= Power contactor
command (out)
= Emergency Stop (in)

(24 V logic standard)



High voltage isolated analogue Front End chassis (FEAI)

8 boards/16 channels by chassis 16 high voltage isolated inputs
= The chassis works like an isolated voltmeter

Rear side

Not used Magnet
+ 10V test points Acquisition
+
‘ 24V System
2 Channels

C e o NI 9220 (cRIO)
Gain 1 to 500 - Bandwith = 900 Hz = 16 ADC — 16 bits

= 110V differential and single = +/- 10V differential
ended outputs * Fs =100 kHz

= |solation working voltage = 3,5 kV Simultaneous
sampling

i e
NE0IZaY
301030
SOIVNY




Interfaces for logic Inputs/Outputs

cRIO logic modules ) Example: Interface for logic outputs (up to 16)
= One module for inputs . = Wago 2042-7204
° 16 channel |nputs Pluggable static I‘e|ay ,‘#‘EL’"”, n |nput 24V’ 7mA
* Connected to the N1 9425 bol4 A2 b B = QOutput 24V, 100 mA max
BIES o = Drop out-time £ 20 uS
NI 9425 (cRIO) 4013 ALY 5 S P * Working Isolation = 250V
* 32 logic inputs (24V) ” p = State led: green
. td = 8uS ‘]
= One module for outputs —— e e e Bl B — <
* 16 channel outputs o YRl ‘2/3) \\\ _‘4
* Connected to the NI 9477 24 B ( ) S b
for ‘ H "
NI 9477 (cRIO) - NI'3477
* 32 logic outputs (24V) .
. td = 8uS AC main
220V NI 9477
(cRIO)

Easy troubleshooting
= On the shelf devices
= Pluggable static relay

= No operation of connection or

disconnection.
\_ ) 24V logic signals for the magnet installation
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cRIO9039 and MSS software - Overview and main features

= The MSS software (LabVIEW) is split in 4 layers
o |_Interface) = Ul - User Interface (PC windows) MSSI Windows
Ethernet t * configuration operations Icon

* Normal operations and Monitoring
* After configuration, the MSS cabinet can run in stand alone if the
Ul is not needed or Ethernet is lost

( cRIO 9039

= Configuration files —_—
= MSS parameters files w . .
« Quench files = RT - Real Time software (4P + Linux RT)
WP + Linux RT * Interfaces and data streaming with FPGA
EPGA® 7' * Monitoring of cRIO operation (P activity, memory occupation ...)
1= FFQOA "=re=mreessmsmsmmmsms=—=—s 1

» Storage of the basic files needed by the MSS software
* Acquisition of a Quench file when a quench occurs

]
]
HUB  [Z] | ! . nensa
T @ * The uP can be reset without disturbing the FPGA
g T
sl | B = HUB (FPGA
MSS core a l UB (FPGA) _
. o = * Interface, data streaming between RT and MSS core
= Offset corrections @ [
= Gain corrections 7‘ | * Example: MSS parameters writing in the MSS core
= Low pass Filtersat 100 Hz | L'} = MSS core (FGPA)

= Quench equations
= Comparators Vt
= Timers Dt

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i * Processing @ 10 kHz for the quench detection
1
1
1
I | *Auto-lock memories (Reset)
1
1
1
1
L

.

* MSS core can run alone after MSS parameters configuration

(upper soft layers not needed)
= | ogic Equations

--------------------------- . .. MSS
Take note: Quench files analysis is made off ()\ Windows
1 H H Icon
*FGPA for Field-programmable gate array line with a separate Viewer software ‘
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CEA IS N

~nll MSS software — Main functionalities of the User Interface

CPU/RT Systam Graph 1 measuremsent every 100mS - Disployed time = 635

STAARQ - Magnet Safety System - GUI software -

MSS Magnet | Alarms and DIO | Scientific Memory and RT Reboot | FPGA -RT - HMI Supervision | RT - CPU and memory

Connection to the CRIO chassis / Quit the software States of the MSS and the cRIO cRIO ——
_ - N et o
IO Adress . [au ' . . b e o U i
e - RIO connected ? ) DR* (Fast Discharge) MSS Parameters ok | U= &9 t - C— —
19216813 ) == monitoring
¢ L DL* (Slow Discharge) <RI supervision's status | 'W‘
=
) mss o Temporisations' status @) { — =
s Warning if » 705%
Logbook (Key Actions, Overflows and Critical Errors) 7)) Emergency Stop™ Masks' status — —
' 8 o 45 o 5o b 8
20230327_164021--> CRIO/RT: Reset of the states Fiish Late, Tmax ération, o Mode —
*Lossy, Overflow* and error Modz_ R J Reset MSs S—
20230327.164018--> CRIO/RT/FPGA : Manusl reset of the MSS FPGA { - <6
command from the HMI (Action equivalent to hardware button Reset MSS) R =Tuning, Reset & functianalonly i the T T
20230327, 164018-->Report on copying MemSC.bin E= Bploitation cetentific mesnory s eady
filesfrom the cRIO to the HMI workstation ‘successful or Fe— .

because no copy is required
120230327_164018--> The Network stream NTSW_IHMversRT_Wr s active
20230327_164018-->The Network stream NTSW_FluxFel_Rd is active (= Y[

20230327 164018--> The Network stream NTSW_Surveillance_RT is active el U RS e S cee
20230327_164012--> The Network stream NTSW_RTversIHM Rd s active WIEEITE SEETD
120230327 164017--> The HMI warkstation is connected to the RIO. Each of the

Scientific Memory

File aaaammjjhhmmss_MemSC.bin

4 Network Streams has to confirm by a message i it is active, Graph 1 4 Meas Calibration =
20230327_164001--> Initialization complete. the HMI workstation is ready. { Acquisition and backup on
r 1 r S the SSD disk of the CRIO
Graph 2 J 4 Detector Tuning J - k] {
¢ Copy filefrom the cRIO ™
7 r ) to the HM| workstation 4 Graph - Graph configuration |
Graph 3 P File editing J - “ComfgGrophéeLinl
{ L - Grey = Noaction in progress —f .
, N p— 3 - Grange = Action in progress d' I g i
| Grann+ J [7]  param. checiing J lSp ays — b =y
L .

Scientific Memory
function rezdy?

“Oscilloscope” :

_ N Report copy file
U= = MemSChin ~ Copyofthe &
©) manuat after DR*= 0 MemSC il ok?
= b Curveurs x ¥

MSS parameters T e R |
configuration tools
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\
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Q4 magnet tests (march 2021) — View of a quench detection

(8.9 MSS I *
-
Buss 0
0DR* Time counter output 3.1 mH
1 Cpy_d VDUP3 VoltageComparator._._.._._............................................ ' 1T
2_Motlsed output T
3_NotUsed P .
- L Beginning of the V1
4 NotUsed Dt 37119 mS magnet discharge 3,1mH
5_NotUsed commanded by the
& MotUsed analogue MSS H
T_Motlsed
0,75 3,1mH 3
V2

0.5 Current i . 8 I

i i t_ered_VZ . 2 |;|_|
02

Eq and Threshold Parameters

01 = Eq=V1-V2
5 02 = Vt3=60mV
0.3 = Dt3=10mS

04 Vt3=60mV
Initiation of a Quench:

= Currentrise at=5,5A/s
until quenching

= Quenchat!=4180A

Take note: For this test, the
digital MSS was not connected

5 : ' S to the power breaker and the
4380000 4382500 4385000 4987500 4990000 4992500 4995000 4997500 5000000 5,002500 5005000 5,007500 5010000 5012500 5015000 5017500 5,022000 analogue MSS had a voltage
Timein 5
: threshold of 100 mV.
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Bus0

0_DR®

1_Cpv_d_VDUP3 Voltage comparator output
2_MNotUsed

Vi i
3_NotUsed 3,1 mH 3 . I‘|

4_MNotUsed

5_Motlsed
§_Motlsed

7_MotUsed

T
RE]

012

Current
o1

01
0,09

Eq and Threshold Parameters

o " Eq=V1-V2
o0 . = V3 =60 mV
' ”: i = Dt3=10mS
o Initiation of a Quench:

= Currentrise at=5,5A/s
until quenching

= Quenchat!=4180A

0,04 " Filtered _V1

Take note: For this test, the
digital MSS was not connected
to the power breaker and the

4,8B0000 4982000 4,984000 4385000 4988000 4,990000 4992000 4,994000 4,996000 4998000 5,001000 analogue MSS had a voltage

threshold of 100 mV.
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Tests of STAARQ current leads at 13 kA (February 2023)

STAARQ Current leads 1 & 2 5 Gty v e aves 1S - CLX FPGA, UI (1Hz low pass filter) Evss

E Group 0 4,8E-5+ -12995,2 | m I
Ea¥G 0_d_DACTSC 4,65 12995,7
BB 1_d DACISC 4485 | ~ ’
Ba 2.d DACSC
BB 3.4 DAC2SC 4285 e
Ea¥% 4B I bob 4E-5- -12995,5
% 5 MotUsed 265 | \

[ 6_NotUsed ‘ | |‘ H I|-12995.4
[ 7_NotUsed 3665 | |
3,4E-5- ‘ ‘ w 129953
0 3,265+
5 12995, z
= 3es] Current
2,8E-5- ”f -12995,1
2,6E-5- 12995
24E-5-
. | 120049
2-5-18 e e - 12994,5
Dateatt=05 1,8E-5-

-12004,7
17:34:07,774 1,6E-5-] ‘
08/02/2023

1,4E-5- 129046
== 0 95 9 -85 -8 15 -7 -65 -6 -55 -5 -45 -4 35 -3 25 -2 -5 -1 05 0
Timein§

= HTS - CLx: FPGA, Ul (1Hz low pass filter) MsS

= Group 0
R 0.d_DACISC
B8 1_d_DACISC
EENg 2 d DACaSC
BB 3 d DACaSC
&% 4 B_|_bob
% 5 MotUsed
& 6 NotUsed

\m 7_NotUsed

Volt
sdury

Take note:
= The two CL are short-circuited

= Measurements Calibration for + 25 mV
input range
16:5%:46,124

= Offset after calibration + 100 pV ajuzr2023
= MSS parameters: Vt =3 mV and Dt = 10 mS T e e

-0 95 -9 -85 -8 -715 -7 -6,5 -6 -55 -5 -45 -4 -35 -3 -25 -2 -1.5 -1 -0,5 0
(= -
X
irfu

Decreasing Current
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False quench detection immunity (December 2022)

Eq and Threshold Parameters
" Eq=V1-V2
= Vt=15mV
= Dt=10mS

= Currentrise at 10 A/s until quenching

The regulation of the power supply is noisy below 55 A

No False quench detection

B Group 0 Bus0
] Bus 0
0_FDB_to_Breaker
0.FDE.to Breakey | U-FDE_to Bresker _FDB_to

r Z00M 1_Cpv_d_UL1_UL2_G1

2_Alr_d_UL1_UL2_G1

BN _Cpv.d UL1_UL | 1_Cpv_d UL1_UL2 61
[N 2 A8 ULLUL2 5 gy gyt Ui 61
3_Cpv_d_Uadip
4_Alr_d_Uadip
5_Cpv_d_Uadim 4_Alr_d_Uadip
E.AlL_d_Uadim 5 Cpu_d_Uadim

Rl 7 PulseRsthss

3_Cpv_d_Uadip 3_Cpv_d_Usdip

4_Alr_d_Uadip
5_Cpv_d_Uadim
6_Alr_d_Uadim 6_Alr_d_Uadim

7_PulseRstMSS 7_PulseRstMSS

g Group 1 0.04- -
B 04Ul UL 61 0,0375- 0,073
2% 18U Gl 0,035- X
¥ 2.6 U2 Gl 0,0325-] 0,0325
I 0 adp o Current slope =10 A/s
E2¥ 2 d Uadim 0.0275- 0,0275-

5_NotUsed 0025
B 66 UL '
B | | 7 0,0225
% 75 bob o022
0,02-] 65 X
0,0175-] © 0,0175-
Waming ! The graph -
functionality “Export” 0,015+ g
is available but does 0,0125] -33 0,0125-
not work. It leads toa 0014 Y
fatal error. . -50
= 00075 r = 00075
= 03] 432 Y
0,0025- ' ] -40 0,002
0 ' P T T T T = -35
- -0,0025-] 0,0025
2,5 mV =—p e ‘ -
-0,0075-] t -25 0,0075
0,01 -20 -
-0,0125-] 0,0125-
-15
-0,015-] X
-0,0175-| T -10 0,0175-
- Quench Detection when . Y
-0,0225-] TSN 0,0225-
’0025 the current is rising 0
-0,0275- .5 0,0275-
-

h »

1 I 1 I 1 I I I I I 1 ! ! !
0,000000 2,000000 4,000000 6,000000 8,000000 10,000000 12,000000 14,000000 16,000000 18,000000 20,000000 6371415 6380000  6,390000

Timein §
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Conclusion

= MSS for STAARQ are installed and tested
= Ready for the commissioning of STAARQ test stand
= June or September 2023
» The digital MSS is the main MSS
= The analogue MSS is used in redundancy

= The digital MSS is the new standard for CEA/Irfu projects
» R3B magnet (GSI - Germany)
» uypgrade of the analogue MSS
» ASTERICS (GANIL linear accelerator in France — NEWGAIN injector)
= 47 measurements
» 20 quench detectors
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MSS software — Synoptic of the cRIO main functionalities

User Interface
* Configuration operations
Logic 1/0 (24V) * Normal operations and
= Emergency Stop Monitoring
= Command to open
the power breaker

= Others---
4 cRIO 9039
Analogue Butt B : 4 * Networkst
utton etworkstreams
measurements
Reset MSS (FIFO using TCP/IP) Ethernet
( \ << Reset MSS
A 4 FPGA << Acquisition Ready g~ ~
4 N\ << Date RT .
" Reset MSS HUB << Reset DMA Ovflw HP & Linux RT
MSS = Acquisition Ready >> DMA Ovflw
core = Date RT « Asynchronous - 2 N° bitstream - cRIO monitoring
(10 kHz) ) data/events D e
A\ 4
i igi i DMA FIFO
= Sampling at Digital Timestamped — —— Data monitoring
Fe=100 kHz processing DATA MSS g 10 kHz -->1 kHz >
= Down-sampling for the bunches (10 kHz) - r —
> DMA FIFO Data acquisition
to 10 kHz quencner A > > -
Time stampii & Quench files
- ping default \ J
i MSS parameters DMA FIFO r N
detection . P s > | (~ Rd/wr Mss
MSS Parameters ’ reading (50 mS)
Memory 1 - DMA FIFO Par_ar.net_ers
Memory 2 — (" Verification
) . J . T -
\ ) = Configuration files J,

= Quench files

= IMISS parameters files
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MSS software - FPGA processing for quench detection

/ Periodic reading Writing new \

or verification MSS parameters
MSS core f { par
. H 1
processing at 10 kHz I s p . T —
1 arameters L wi Logic processing
Rd 1 Memory 1 r .
— M 5 /—* Reset MSS (only for In Logic
emory auto-lock memories) ® Logic ¢ (24v)
R equations
P R el ot S P e F e T .
! A 4 2 [ ¥ 2 i - e lo_Ck Out Logic
. — ! 1 - 1 memories —
23 Analogue ! Offset Low-pass filters 11 ] Quench Voltage Time | (Reset) (24v)
measurements | |correction (100 Hz) 1/Gain |1 1 |Equations Threshold Threshold) |} ese
! oo e il S SN ——— N NS
: A
e L T Time stamped
y

Time > > DATA MSS
\ bunches /

= MSScorel/O

» Measurements and time at 10 kHz for the MSS core

» Time stamped Data MSS bunches at 10 kHz for the HUB.

» Logic Inputs/Outputs:
= Emergency Stop
= Command to open the power breaker
= Others ....
= Reset MSS with a weaker priority than the default/quench detection

» The HUB does the writing and the reading of the MSS parameters (periodic reading to
verify values with the Real Time software)
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