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FAIR Project — a new international accelerator

facility in Darmstadt, Germany.

Physics research program addresses broad variety _
of topics ranging from fundamental questions of the ~ Linear acc. UNILAC (GSI) upgrade?

evolution of the universe to the structure of matter. ~, NC synchrotron SIS18 (GSI)  upgrade?
Y

pre-acceleration

UNILAC

SIS18 injection to — sc synchrotron SIS100

O fast cycling machine (2 T, 4 T/s)

insulation (2 layers)

— experiments
— storage rings ke

(force flow)

Courtesy of GSI ) . N uper - : _
, ) ) FR S Nuc'ggglr; type R = NiCr wire
100 m _ . / CuNi tube superconducting strands
Antiproton | o Antiproton and cc_)l_lect_or rngs — _beam
ring g Existing storage and modification for various
[ Planned/Under experiments

Collector _ - construction

rnng =~/ Experiments

— Sc FRagment Separator Super-FRS

L magnetic spectrometer for the study
of exotic particles.
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Super-FRS
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World’s Superconducting Fragment Separators

_ A1900 | Super-FRS
A1900 at National
Superconducting Cyclotron Bgap (T) 2 1.6
Laboratory (NSCL), Michigan Gap (mm) 90 140
State University (MSU), USA g Bend Angle ( °) 45 975
[e) = :
o =4
BigRIPS at Institute of Physical 3 e (m) 3.1 12.5
and Chemical Research (RIKEN) Bo (T'm) 6.2 20
in Japan I, (A) 171 245
L (H) 36.25 15
Super-FRS at FAIR, Darmstadt, -
Germany Emag (kJ) 530 450
. Field Grad. I, L Erhag
Machine i
" (T/m) (A) (H) (kJ)
-c?tg A1900 Type QD 11 404.5 5.08 372
O BigRIPS Q1000 14.1 135 18-33 270
Super—FRS "long" 10 291 26.5 1120
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Super-FRS
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Super-FRS
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Super-FRS Multiplets

up to 9 magnets in a common He bath...

9 pairs of

‘_|: current leads

sextupole

steering

dipole
sextupole

short quadrupole short quadrupole
+ long quadrupole +
embedded octupole embedded octupole
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Super-FRS Magnets Parameters

FAR ==II

Multiplet magnets Dipoles
Long Short Sextupole| Steering | Octupole | 9.75 | 11 |Branch
Quadrupole | Quadrupole magnet (D3) | (D2) | (D3Y)

Max. inductanceL| H 43.2 30.41 1.06 0.0665 0.097 23 26 24

Max. operation| A 300 300 291 280 163| <250| <250 280
current lop

Max. test current| A 330 330 320 308 179 275| 275 308
(110%)

Rising time for| sec. 120 120 120 120 120 120 120 120
operation T

Max. inductive| V 108.0 76.0 2.6 0.2 0.1| 47.9| 54.2 56.0
voltage =Llop/T

Stored energy at lop| kJ 952 670 37 2.6 1.3| 572| 666 490
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Super-FRS Magnets — Powering Circuit

Nl

+ 3 X correction power converters

< Current direction  PS: Power supply CB: Crow bar
== Cold area (Cryo) Rg : Grounding resistor R j: Dump

¢ Cu current GND: Global ground resistor
lead = protective earth

<& Current direction  PS: Power supply CB: Crow bar

Quads
o

PS cabinet Ry/2
7)) PS
@
o
2
QO

Rdf.?
PS cabinet R4/2

— Cold area (Cryo) - Ry : Grounding resistor Ry: Dump

@ Cu current GND: Global ground resistor
lead = protective earth

PS cabinet
% PS CcB L

e
GND

FAIR Quench Detection System — Meeting with CERN Experts

(b)
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Super-FRS Magnets — Powering Circult

Magnet
I —
7))
Qo
8_ + 3 X rection power converters
)
rrent direction  PS: Power supply CB: Crow bar
ea (Cryo) Rg : Grounding resistor R4: Dump
”ET“"E GND: Global ground resistor
ed = protective earth
< gu:'éent dir(eé:tior)l PS: Power supply CB: Crow bar
: == Lold area (LTY0) Ry : Grounding resistor R ,: D
PS cabinet N i
Ry/2 @ Cu current GND: Global ground resistor
‘—ﬁ lead = protective earth
. - . 2]
¢ "‘[ PS cabinet S
" oS - >A cabine o
8 O
Cﬁ L GJ
S GND PS CB —L -
& | v _ |18 8
[ >L } GND O
Ry/2 S
(a) (b)
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Super-FRS Quench Detection

All magnets powered individually

Location of the quench detectors in the power converter
cabinets make perfectly sense

Cabinet infrastructure, interlock card, MFU, SCU
available

Opportunity to merge the development with SIS100

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 13
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SIS100
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World’s Superconducting Particle FAR == II
Accelerators
Circumference Bgipole Bp dEd&i’”l“ Years of
Accelerator
(km) (T) (T-m) (T/s) operation
Tevatron 6.300 4.4 3.3-10° 0.29 1987-2011
HERA 6.336 4.682 - 0.007 1992-2007
Nuclotron 0.252 1.98 45 2 1993-
RHIC 3.834 3.45 839.5 0.07 2000-
LHC 27 8.36 23-10° 0.008 2009-
SIS100 1.0836 1.9 100 4 2022-
SIS300 1.0836 4.5 300 1 -

FAIR Quench Detection System — Meeting with CERN Experts
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SIS100 vs. LHC

FAR ==II

Parameters of superconducting dipole circuit of LHC and SIS100

Machine LHC SIS100
Number of magnets 154 /eircuit 108
Number of power converters 1/circuit 2
Nominal current (kA) 11.85 13.1 SIS100 is a fast CyC|ing
Nominal ramp rate (A/s) 10 280@ machine with
Total inductance 154 x 2 x 51 = 108 x 0.55 = N\ extremely high ramp
of the circuit (mH) =15.7 x 10? =594 > rate!
Inductive voltage at cycling (V) ¥
o _ o 1/ =~ 160 15.4/ = 1660
per twin dipole / overall in the circuit —L Protection system
Energy extraction system 2 x Ry per circuit 12 x Ry of SIS100
cold diode considers only
Cold by-—pass none — . .
per twin dipole extraction resistors
Quench back heaters on each coil none

insulation (2

SIS100: low AC loss
superconducting cable
(Nuclotron type),
NbTi/CuMn

He
(force flow)

CuNi tube

layers)

NiCr wire

supérconducting strands

FAIR Quench Detection System — Meeting with CERN Experts

Quench back effect is not expected!
If a single magnet quenches, other
magnet will not quench due to high
di/dt at current dumping

(very low probability).
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S1S100 Magnets Parameters

FAR === II

Nominal Inductance Inductive
Magnet ) Quantity
current (A) (mH) voltage (V)
Main
13100 0.55 15.4 108
dipole
83 (QD)
Main
10512 0.41 T.0 36 (F1)
quad.
47 (F2)
Chrom.
250 43 62 42
sext.
Steering 245 (SH) o1 . 83 magnets
P a0
magnet 241 (SV) 166 coils
250 (M 1.1 (M 1.8 (MQ)
Multipole 50 (MQ) (MQ) E ?’I 12 magnets
250 (MS) 5.6 (MS) 5.8 (MS)
corrector 36 coils
250 (MO) 7.4 (MO) 7.7 (MO)
In/fex
507 139 147 4
quad.
2019-04-04
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SIS100 Dipoles
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SIS100 Quadrupole Doublet Modules

Local Current

Bus Bar System Common Girder Focusing QP- Steering Magnet Cryo Catcher Roughing CWT Lead Tower
o and Suspension Magpet (within unit) _
Defocusing
; QP-Magnet
(Wjhin Unit)
Sextupole
ﬁl Magnet
2 B | 3Bp oo
ﬁ) y o[ > I o o] EP 3Beo
L
ﬁ.___ -r‘ Beam Vacuum
U Chamber,

Defocusing

ﬂ#ﬁﬁn#ﬁﬁn . = :
"\‘ L - w - :
. ' "
© 3 g . : 1t
: : 3 — W, )
~ ' 22 @

Beam Position
Monitor

He-Supply and Beam Vacuum Common Girder

Voltag Breaker Bus Bar System Return, Magnet Chamber, o o
cooling Focusing
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SIS100 Quadrupole Units

—m

___‘/— "'— '-'— Lnﬁ—:-L-w:T‘rl._'_l_aw

—

=
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SIS100 Quadrupole Units

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 21



| FAR IE==II
SIS100 Splices

+ Magnet positive

9.0 connection (1)
) = Magnet negative

supeconducting

gg I connection (1)
7,5 . | . Magnet positive

— i connection (2)
4.0 e = Magnet negative

@
L
=]
z¥
=]
Ou

_ o 35 ] connection (2)
£§ = £ 30 ‘ « Short-cut splice (1)
é; § 25 34 } « Short-cut splice (2)
820
i
= 1.0 3¢ H
ettt
o C'clamp o0

0 5 10 15 20 25
Splice number (chronological order)

Q.
S

« excellent reproducibility since 2013

» easy and fast connection method

» relatively low ac losses

e no correlation between R (300 K) and R (4 K)

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 22
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Main Current Leads

14 kA DC HTS current leads
* Cu part — vapour cooled
« HTS part — conduction cooled

Cu part

HTS part

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 23



SIS100 Dipole Circuit

Building 5
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SIS100 Main Quadrupole QD

Building 5
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SIS100 Main Quadrupole F1/F2
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SIS100 Corrector Magnets

Chromaticity sextupole

Side where the superconducting,
Jjoints between insulated stran
are done

g - &/
(—h—‘u | ~ AF s '@ Hole to fix the
ol LTS bus bar
: i

: current direction

single coil

FAIR Quench Detection System — Meeting with CERN Experts

Steering magnet

2 coils:
e horizontal
e vertical

FAR === II

Multipole corrector
> LS

quadrupole coi octupole coll

3 coils:
e quad.
e sext.
e OcCt.

2019-04-04 27



N  FAR =i
SIS100 Chromaticity Sextupole (7 circuits)

SI1S100 ring Chromaticity sextupole (42)

Corrector cable
(Nuclotron-type)

1S

Side where the superconducting,
Jjoints between insulated strands
are done

Cable insulation
», DS

Tube insulation

CuNi tube

Fixation wire
Hole to fix the

LTS bus bar Insulated superconducting

: current direction strand

Magnet parameters:
|, =252 A, L=43 mH, Ldi/dt = 62 V

Magnet

o e b PS cabinet =90 m =13.0_n_1—-+ =180 m l
- Circuit parameters: — T—‘
- R4= 2 x 3.846 (210%) Q 1 R[]\
o . GND s3 | |Raz
Fast semiconductor switches are o .
required! T lJ
S2 — thyristor switch (bipolar) “o0m[ " =180m " =180m | 1
S1,S3-DC Vo|tage breakers < Curentdirection  PS: Zowerds_upplv_ (O (O
o o o — area Ry : Grounding resistor
/ (b|p0|ar)1 GND in the mlddle ° H'I?Su:zcalecu{r(r:er:::.l}ead GND: Global ground Ry, : Individual protection resistor S: Switch

= protective earth

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 28
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SIS100 Chromaticity Sextupoles Circuits

courtesy V. Plyusnin
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SIS100 Chromaticity Sextupole Circuit

Power

Magnet Magnet
_______ "|
1
=
1
1
1
1
1
]
=3 H
1
1
]
1
1
1
1
_______
Magnet Magnet

MMagnet —|

1
i
1
i
1
1
:
E Converter
1
1
:
1
1
:
1

FAIR Quench Detection System — Meeting with CERN Experts

______________________

courtesy V. Plyusnin
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SIS100 Quench Detection Structure

Main circuits Correctors

Direct connection
to the QuD cabinet

magnet

—> QuD cabinet

QDM DO DO

s ol e N I &

SIS100 correctoy with HTS current leads

complicated HV cabling

Voltage tap socket

CLP: Current Lead Posivitive (polarity)
Coil CLN: Current Lead Negative (polarity)
e Vot tBP
LTS: Low Temperature Superconductor
LTS bus bar HTS: High Temperature Superconductor

1 LTS strand for MID {(Mutual Inductance
Cryostat Detector)

BPL

TN

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 31




SIS100 Corrector Magnets

FAR === II

Insulated strand Nuclotron-type cable

High risk of symmetrical
guench, e.g. beam

Cable insulation

Tube insulation

CuNi tube

Naionwie COMpletely insensitive to
such an event.

Insulated superconducting
strand

A typical solution for the problem considers
either an asymmetrical middle V-tap of BRD
or/and secondary BRD in multi-coil circuits.

Series connection of strands

+ -
<O O

connection

Strand #1 Strand #2

Strand #26 Strand #27

LAY\ ____ ¢

' chromaticity

sextupole coil
corrector cable

FAIR Quench Detection System — Meeting with CERN Experts

induced. Balance BRD is |

Quench Detection with a Coupled
Pick-up Coll

- M =kyIiL; kal

Magnetic

* / yoke
Comparator

X

m
Y
)
JES
|
i
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MID Prototypes

. ) . u | > ‘- Bas
g% AD210AN 5 i
VSOLATION AMPLIFIER “‘ . 4
2 PHILIPPINES 127-06 R |

(2013) (2018)
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MID Prototype

cryostat

FAR === II

. »~Mmagnetic

. Yoke
N MID
strand
magnet
coil L
Ly m

Main features:

analogue robust design, fully differential channels

2 kV HV insulation

locally adjustable threshold and parameters of the validation circuit
V.oir Vuip @nd TRIGGER available for post mortem and data logging

(bandwidth < 1 kHz - 300 Hz)

cable detection with pull-up resistors

=l signal |- instrumetation Vi t, Veoi
g conditioning | | amplifier : | e | e
oY
©
% ':'_I_I ﬁ_ : threshold \{a”dation %
i | I time O
- - =
signal | |instrumetation ,
condgtioning amplifier l[ comparator| | trigger pulse [
] : Lﬁ—- \—ﬁ—-
|
=T 4
T ﬁ' l width  line buffer
;'ns lation >
= . insulati
= cable detection | barrier VMID
easy hardware adaptation for various strand numbers (SIS100: 27, 24, 20, 13)
2019-04-04 34
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2x10 pF Local Current Lead (Cu + HTS, 300 A)
C C N oo,
‘ l I ' LCLA cryostat
st s2

180 M-

Converter T

lpc

Power ‘ jZ N

solenoid

PC protection

b e e e e = —

Quench Detection and Magnet Protection:

S1, S2 — redundant mechanical circuit breakers
C — snubber capacitor in order to cut-out the voltage peak on the switch
R4 — energy extraction resistor (always-ON)

Solenoid and LCL are monitored by the quench detection system of the test facility:
« small bridge — coil extremities and the middle V-tap, V,, = 200 mV

 large bridge — solenoid + 2 x HTS with the us of the middle V-tap, V,, = 220 mV
e 2X (Cu+HTS) — 2 single-ended channels, V,, = 80 mV

MID does not serve as a safety system! * ,=~oms

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 85
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V_comparator_OUT (R)

TRIG (R) /
20 |_DCCT (R) 252.4 10 —
' i 6 V_coil_processed (L) . pafid"/
252.4 . —OrP N; )- :%-, '
—_ ' — . e IR
E E E 2 . ._'_.“.- _.-, L ‘ T___.__._.............
2, £ 25235 @ 0 e g V_BRD (R)
> 7 . T ° > Ty BRD
L9503 -4 V_MID_processed (L) '-.T’T». detection
| Ty | -6 MID 'iw
15 V_MID (L) g | 8 detectior\ e/
-20 el 2522 -10 - - - L S |
0 5 10 15 20 0 5 10 15 20
time [ms] time [ms]
Comments:

Q visible current drop - PC'’s current regulator not as fast as initially anticipated

Q drop in the current is immediately transferred to the MID strand - which actually
speeds up the quench detection; CAUTION: polarity in MID is of extreme
importance!

Q filtering and signal conditioning blocks function as expected

4 in the example, V,up Was set to 340 mV, tv = 5 ms, lower threshold is possible

O the signal at the comparator output is clean and clearly indicates quench

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 36
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FAIR Quench Detection System
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SIS100 — In-house development

3xACH, 1xTRIG usH

4 x AIN 9 QuD1 [e—- - < >
. Reset, Test, Status Fifg;A MFU SCU
: L #1
: +
: ADC
: 3xACH, 1xTRIG _

4 x AIN P> QUD1 2 —- ~

X Reset, Test, Status

L

FAIR

: 7 “( Control System
3xACH, 1xTRIG usl8 ontro Syste
4 x AIN -> QuD1 < [l - #8 < >
, Reset, Test, Status | Fpga
1N h FBAS
ADC
: 3xACH, 1xXTRIG
4 x AIN QuD12« —
X > L Reset, Test, Status
Trigger Matrix
. . «—> SCU
ifo #1 ilo #12 40
,t,SOIN * 5xIN 5xIN
up fo 1x OUT 1x OUT
(Detector trigger) _| L%E\?::gr
=

up to 11 OUT
(Power converter trigger)
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SIS100 — In-house development

4 x AIN >

4 x AIN P>

FAR === II

Quench Detector (QuD)

* Analog board with 4 differential inputs,
4 analog outputs and 2 optical trigger
outputs.

» Three types of board (Main magnet

board, corrector + LCL board, MCL

board).

Prototype existing — parallel

development with Super-FRS.

@ No remote configuration of the quench

detection parameters (threshold,
integration time, etc.).

@ Insulation amplifiers could be obsolete

in the near future.

to Power

converter

DA, TATTRN N
4 x AIN P QuD1 [ #8 e >
: |_ Reset, Test, Status FPGA
: +
ADC
: 3xACH, 1xTRIG _
4 x AIN QuD12« —
X > L Reset, Test, Status
Trigger Matrix
; ; <« SCU
ifo #1 ilo#12 40
7 * 5xIN 5xIN
up 1o 60 IN 1x OUT 1x OUT
(Detector trigger) —|
up to 11 OUT

(Power converter trigger)
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SIS100 — In-house development

Trigger Matrix (Trigger concentrator)

P  Upto 12 i/o-cards in one crate; each card has 6 i/0’s.
. 3xACH, 1XTRIG _ ,
4 x AN | QuD1 [e—nt > « FPGA design.

iReset, Test, Status

¢> Existing component developed by CSCO.
@ Not designed for safety critical system.
@ Hardware and Software adaptation needed.

L

3XACH, 1xTRIG

Y

4 x AIN» QuD12<¢

L

Reset, Test, Status

3xACH, 1XTRIG usis
4 x AIN P QuD1 [2

> #8 IIIIIHIIIII!!IIIIII
|; |Reset. Test, Status FPGA . 3 .

I +
: I ADC
: ! 3xACH, 1xTRIG _

4 x AIN 9> QuD1 : .

:Reset, Test, Status

r 3

A

[ ol
Trigger Matrix
ilo #1 ilo#12
# »5xIN | 5 x IN
up to 60 IN 1x OUT 1x0
(Detector trigger)
upto11C

wer converte
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SIS100 — In-house development

3xACH, 1xTRIG usH

4 x AIN 9 QuD1 [e—- - < >
. Reset, Test, Status Fifg;A MFU SCU
: L #1
: +
: ADC
: 3xACH, 1xTRIG _

4 x AIN P> QUD1 2 —- ~

X Reset, Test, Status

L

FAIR

: 7 “( Control System
3xACH, 1xTRIG usl8 ontro Syste
4 x AIN -> QuD1 < [l - #8 < >
, Reset, Test, Status | Fpga
1N h FBAS
ADC
: 3xACH, 1xXTRIG
4 x AIN QuD12« —
X > L Reset, Test, Status
Trigger Matrix
. . «—> SCU
ifo #1 ilo #12 40
,t,SOIN * 5xIN 5xIN
up fo 1x OUT 1x OUT
(Detector trigger) _| L%E\?::gr
=

up to 11 OUT
(Power converter trigger)
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SIS100 — In-house development

3xACH, 1xTRIG 5 W USH —
4 xAIN 9| QuUD1 [«—- e e BRY
; L Reset, Test, Status FPGA
: ADC
: 3xACH, 1xTRIG
4 x AIN P> QUD12—-
|_ Reset, Test, Status /1
3xACH, 1xTRIG E uUsSI8
4 x AIN P QuD1 [ > A : : =
L Reset, Test, Status FPGA + ADC Board
? « 16-bit ADC.
: 3xACH, 1xTRIG
4 x AIN P QuD12< > « 32 Mbytes on-board memory to store post-mortem data of the
Reset, Test, Status . .
[ 48 channels (with 10 kHz sampling rate for +/-16 s).
Q Existing prototype developed for Super-FRS.
@ Adaptation required for SIS100.
_ , @ Hardware and Software development to be done.
up to 60 IN ‘
(Detector trigger)
e —— S
up to 11 OUT
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SIS100 — In-house development

3xACH, 1xTRIG usH

4 x AIN 9 QuD1 [e—- - < >
. Reset, Test, Status Fifg;A MFU SCU
: L #1
: +
: ADC
: 3xACH, 1xTRIG _

4 x AIN P> QUD1 2 —- ~

X Reset, Test, Status

L

FAIR

: 7 “( Control System
3xACH, 1xTRIG usl8 ontro Syste
4 x AIN -> QuD1 < [l - #8 < >
, Reset, Test, Status | Fpga
1N h FBAS
ADC
: 3xACH, 1xXTRIG
4 x AIN QuD12« —
X > L Reset, Test, Status
Trigger Matrix
. . «—> SCU
ifo #1 ilo #12 40
,t,SOIN * 5xIN 5xIN
up fo 1x OUT 1x OUT
(Detector trigger) _| L%E\?::gr
=

up to 11 OUT
(Power converter trigger)

FAIR Quench Detection System — Meeting with CERN Experts 2019-04-04 43



FAR === II

SIS100 — In-house development

MFU and SCU
3XACH, 1xTRIG _ USi  MFU communication to FPGA
4 x AN P | QuD1 le—:- '!TL_" MFU scu board via USI.
= #1 1 € Modules already in use in each
power converters.
@ Data transmission rate limited
R (100 kBytes/s) by the MFU
3 - controller speed.
______ 1 = Live streaming not possible.
T @ End-to-end communication
) software need to be developed.
R '|:I:£ Reset, Test, Status || f) Transmission rate between MFU
® and SCU to be clarified.
. Trigger Matrix. N ,
o #1 o #12 [« ngu
7 * 5xIN 5xIN
(Deﬂgcttc:o?g'ilgr;er) x0T Rt _| .f converter
up to/‘11 ouT -

(Power converter trigger)
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SIS100 — In-house development

3xACH, 1xTRIG usH

4 x AIN 9 QuD1 [e—- - < >
. Reset, Test, Status Fifg;A MFU SCU
: L #1
: +
: ADC
: 3xACH, 1xTRIG _

4 x AIN P> QUD1 2 —- ~

X Reset, Test, Status

L

FAIR

: 7 “( Control System
3xACH, 1xTRIG usl8 ontro Syste
4 x AIN -> QuD1 < [l - #8 < >
, Reset, Test, Status | Fpga
1N h FBAS
ADC
: 3xACH, 1xXTRIG
4 x AIN QuD12« —
X > L Reset, Test, Status
Trigger Matrix
. . «—> SCU
ifo #1 ilo #12 40
,t,SOIN * 5xIN 5xIN
up fo 1x OUT 1x OUT
(Detector trigger) _| L%E\?::gr
=

up to 11 OUT
(Power converter trigger)
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S1S100 Quench Detection System FAR =1
(Evolution)

usi1
4 x AIN FPGA1 >
X AIN 3| QuD1 MFU scu
: #1
4 x AN QuD6 | FPGA6
FAIR
> -—
E USI8 Control System
4 xAIN | QuD1 | FPGA1 >
' ' FBAS
4 x AIN 9»{ QuD6 | FPGAG
Trigger Matrix
. - <« SCU
. ilo #1 ilo#12 #
soeoi SN o
u 1 x OUT 1x OUT
(Detector trigger) a . §| L%E\?:'gr
,/ =4
up to 11 OUT

(Power converter trigger)
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QuD Analogue Board

activation/deactivation

cable
detection _L—- Offset
F= (polarity!)
“cryostat | fixed gain
Ve l[ g— signal - isolation | signal
| c 5 | | conditioning amplifier . __| conditioning
R hannel 1} (V, - Vg) o I
/0 : W % X‘ T j3 j: mL T j?
1 =1 }
Magnets v ] ] IN_ : P — ‘I
N Ve A £ signal |sola|§|r:)n | signal
- o amplifier 7 Hani
: Channel 2| (v, - V,) 5 conditioning | || conditioning
5 f j>_ 1 e f
| % L 5 T - Bl T
— W T ! [
————— J = ; isolation i
{; = signal [+ , B signal
. » | | conditioning amplifier : | | conditioning
hannel 3 § (V. - V) o
-2 1
| ||| Dl | [ D>
1 — [
N £ signal || :ﬂ:ﬁ?gr . signal
- ags . | I ags .
Channel 4 | (V. - V) g conditioning : o conditioning
y s Dl || D>

BRD “Quench”
balance thresholds
—Ze SE1/2
— 7+ BRD1
7o (73— SE3/4
~ TEBRDZ s
threshold idati
bridge 1-2 ;;"gat'on
-1> L
- :
comparator | | | trigger pulse

bridge 3-4

-

threshold

validation OR
I time
comparator | || trigger pulse

input balance (symmetry)

FAIR Quench Detection System — Meeting with CERN Experts
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Trigger
output

OR

2019-04-04

ADC 8CH
16-bit

1- Channel 1

2- Channel 2

3- Channel 3

4- Channel 4

5- Bridge 1-2

6- Bridge 3-4

7- Trigger Bridge
8- QuD Status
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FAIR Quench Detection Electronics FAl

R =1

(Evolution)
Input BRD “Quench®
SymmEtry Offset balance thresholds SE - Slngle ended
L;ﬁ-.ﬂ' ' ?ﬁ . : g . el BRD = balance bridge
— e —i;-’_'i-. — e —i;-’_'i-o SE3/4
¢ * ¢ * ¢ * ¢ * BRD2 rData acquisition)
—>:§— H [ _ o DEO-Nano
I BRD1| & ] ® % development platform
£ | T o
o % o | < FPGA 32 VB
— | O —L | © GPIO | | ALTERA
_>_I - | © 2 / Cyclon IV SDRAM
i = [
b= =»>> —
NG T | S | (Toac 1] | ———o EEPROM
—>_{ BRD2 (o] : 8 channel
- % g' — DAC 2| ||12 bitADC { 50 MHz clock
@] -
] N @]
o Remote
_>_} : DAC 3 threshold USI interface o
+15V +15V +15V| [
Cable OK 15V u Jésw\é
Supply OK GND DC/DC (iso)| [ DC/DC (iso)
=24 \/ \ =24 \/

Analogue board
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DEO-Nano Development Platform

FPGA Serial
Configuration Device (EPCS)

32 MB
8 Green LEDs SDRAM 40-pin GPIO Header

2 Push-buttons

USB Type
mini-AB Port
i Altera Cyclone IV
! EP4CE22F17C6N
% g FPGA
2Kb 12C *5 26-pin Header
EEPROM i

4 Dip Switches
A/D Converter

40-pin GPIO
Header

2-pin External Digital 50MHz Clock
Power Header Accelerometer Oscillator
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Digital Board

Functionality:
Acquisition of the circuit voltages and transfer to the MFU
Control of the QuD thresholds

Remote control of the QuD
Reset of the QuD.
Reset of the QuD Trigger latch
Test each channel of the QuD (Quench test)
Read-out of the QuD type
Read-out of the QuD status
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QuD Digital Board <> MFU

Control and Readout of the QuD via FPGA : Reset, reset trigger
latch, quench test, readout for QuD type, readout of QuD status.

Transfer active quench trigger to the MFU in order to timestamp the
guench event with accelerator timing.

Data transfer from the FPGA to the MFU after a quench trigger and
for very low frequency data logging and on-demand data recording.

Launch on-demand recording with user selected parameters
(number of signals to record, sampling rate, time span).

Reset FPGA board

Activation of the threshold control feature (to be seen if needed).
Readout of the status of threshold control (active or not active).
Setting and readout of the threshold values.

Firmware upload: update of the FPGA firmware must be possible
remotely from the FAIR control system.
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QuD Analogue Boards

FAR ==II

QuD Type
QubD for SIS100 QubD for SIS100 QubD for QuD for S-FRS
A Main Magnet Corrector SIS100 Main Magnets and
nalog e .. . \ )
1 circuits Magnets and Current Leads | Local Current
Inputs # , |
Local Current Leads
Leads
1 1\"TP'\"?G \"rmap_net 1\"T-C‘LT MCL+ 1\"Tlna:cme-t half 1
2 11‘;‘.'Er"'-""rl\@l \"TM]D 11‘;‘C‘U MCL- Yﬁu"Trrm,c_mva-t half 2
3 Vbridge Voridge VTS McL+ Vbridge
4 Vp-Vi — from Vicr+ VHTS McL- Vicr+
QuD redundant
channel
5 Vg-Vy — from Vier Quench Trigger | Vicr
QuD redundant
channel
6 Viridee — from QuD | Quench Trigger Quench Trigger
redundant channel
7 Quench Trigger
8
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QuD i/o
Analog outputs to the QuD — Thresholds
Analog Outputs # Description

1 Voltage Threshold QuD Channel 1

2 Voltage Threshold QuD Channel 2

3 Voltage Threshold QuD Channel 3

4 Voltage Threshold QuD Channel 4

Digital inputs from QuD Digital outputs to QuD
Digital Input # Description Digital Output # Description
1 Quench trigger 1 Board reset
2 QubD status 2 Trigger latch reset
3 QuD type bit 1 3 Quench test QuD channel 1
4 QuD T;-])e bit 2 4 Quench test QuD channel 2
5 QuD T;’pe bit 3 S Quench test QuD channel 3
6 QuD Tjﬂ) e bit 4 6 Ql.lE‘llCll '[est QuD channel 4
7 - 7 Trigger for Threshold error &
3 11 1 FPGA power failure
spare 3 spare
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SIS100 Quench Detection System

Main circuits

magnet

QDM DO DO

FAR === II

Correctors

Direct connection
to the QuD cabinet

—> QuD cabinet

L, 18

SIS100 correctoy with HTS current leads

complicated HV cabling

BPL

Voltage tap socket

CLP: Current Lead Posivitive (polarity)

Coil CLN: Current Lead Negative (polarity)
e Vot tBP

LTS: Low Temperature Superconductor

LTS bus bar HTS: High Temperature Superconductor

1 LTS strand for MID {(Mutual Inductance

Cryostat Detector)

TN

FAIR Quench Detection System — Meeting with CERN Experts
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S1S100 Quench Cabinets Distribution

[
'

e 7 cabinets in (11+4)
rooms

e cablesupto 150 m

» cabling along the beam

o ~442 quench
conditioning boxes at
the support structure:

« 1-2/DP
2/ QDM
o 4/ BPL,
« FB, CLB, EB...

cabling concept is
rather complicated

» several types of QCB
layout
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SIS100 Quench Detection System —

Cabinet System

FAR === II

1 Power Supply (24 V)

+

1 Power Supply (24 V)

+

+

2 MFU/SCU crates

Cabinet #1 Cabinet #2 Cabinet #3 Cabinet #4 Cabinet #5
1 UPS
1 UPS 1 UPS * 1 UPS 1 UPS
+ + 2 Trigger Matrices > +

1 Power Supply (24 V)

+

1 Power Supply (24 V)

+

Quench detection
cables
from SIS100

FAIR Quench Detection System

24 Quench Detectors | 24 Quench Detectors * 24 Quench Detectors | 24 Quench Detectors
Cable Panel
for LAN and
White Rabbit
f 3 F 3 A A A A b F
4 US| cables T 4 US| cables
4 USI cables 24 Trilgger cables 24 Trigger cables 4 US| cables
‘. [4 A
24 Trigger cables 24 Trigger cables
2 Trigger fibers A X Trigger fibers

Quench detectior

to 1 to Power Converters 2 LAN cables cables
Fast Beam and to FAIR from SIS100
Abort System Master Matrix Control System
(FBAS) (up to 19 fibers)
Yy ¥
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V. Plyusnin, H. Welker , C. Roux and other colleagues who supported this work.
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