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Outlines
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FREIA

GERSEMI Insert Conclusions
laboratory
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The FREIA laboratory
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Facility for Research Instrumentation and Accelerator Development

--l Stockholm
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The FREIA laboratory
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Uoosala

— ( Uppsala
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ontrol Room
The overall control system is based on EPICS
Self-excited loop, 352 MHz, 1 kW CW

LLRF controls and RF power measurement
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ESS cryomodules
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International collaboration for ESS double spoke modules

Cryomodule

SC spoke cavity (bulk Nb) OMV/m 400 kW (3.2 ms 14 Hz pulse)
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Cryogenic system

’—-------------------------\

[ Cryo system:
e 2000 L dewar (+ 1000 L extra dewar)
140 L/h liquefier
19.2 m?3 high pressure storage at 200 bar
255 m3/h compressors (to pump the gas bag)
100 m3/h Kaeser
100 m?3 gas bag

\-------------------------'

1
1
1
1
1
1
1
1
]
\

\_-----'

‘-------------------~

Users:
* Gersemi

ESS cryomodules tests

COW

LHe delivery (approx. 300 L/week) II

\-------------------_

_---§
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Who is Gersemi?

UPPSALA
UNIVERSITET

Gersemi (Old Norse™ "treasure") is the daughter of the

fertility-goddess Freyja in Norse mythology.
She could be the same figure as Hnoss, another
daughter of Freyja.

Roar & Afterlife: Give
regen +1 to each other
, friendly creature.

*Old Norse is a stage of development of North Germanic dialects before
their final divergence into separate Nordic language

https://en.wikipedia.org/wiki/Gersemi

17 November 2022

In Norse paganism, Freyja ("Old
Norse: "(the) Lady") is a goddess
associated with love, beauty,
fertility, sex, war, gold, and seidr
(magic for seeing and influencing the
future).

Freja (1905) by John Bauer (1882-1918)
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Test of SC cavities & magnets (<350kJ)

e 3.2mx@l.1 mtotal volume

e 2.8mxpl.1 mbelowlambda plate

The design, incl. the joint, is based on

experience from the cluster D
Top view

4 current leads

Cryogenics
instrumentation

Magnet measurement
(under development)

17 November 2022

t
607 L

above Aplate
v

A

2645 L
under Aplate

Diameter above/below A plate: 1.256 m / 1.106 m

Gersemi - Pepitone

Gersemi — 3 operation modes: vaeudm, liquid, pressurized bath
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R SO R e

e —— r Data acquisition and PLC

Energy extraction units

Power converters 2x2 kA

Magnetic insert fully equipped
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Satellite equipment

pmmmm———————— Trigger i \ N ' :’IGBT based energy
Power converters Viaps o » M ‘ I extraction units

can provide a v : High Energy Sing. ) A\ T = =5 4 : Dump resistors

maximum of | e — Notpart offast acting chaln ; ' = | | between 77 mQ and
2 x 2 kADC for a Other sensing elements | !

maximum voltage of
10 VDCin one
quadrant

—————————— - -

i ————————

/

Interlock
System

72 LF channels

B | 64 HF channels
QuenCh T a ] [ i DMM

Detection ngger i 7 10 channels crate

) ™ j= v, S e Distribution | jEsm = Safety
Polarity reversing | . P gt = System P\ 20 PotAim cards

switches :
have been installed to |
operate in four |

quadrants }
~ - F"_

N e

I
1
1
1
1
1
1
\

Data
Acquisition

Sensors
(Strain, Temp., O.F.)
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CS studio — user interface

RCH1

RAMP | PLEP

REF-PLEP-ACCELERATION
REF:PLEP-EXP_FINAL
REF-PLEP-EXP_TC
REF:PLEP-FINAL
REF-PLEPNITIAL 0.000 A
REF-PLEP-LINEAR RATE 0.000 A/s
| E— R
PLEP Mode W LOADO  ~
ARM LOAD.0

0.000 A/s?
0.000 A
0.0000 s
0.000 A

I S ——
Off Standby Idle

LOCRE NONE Mode

ABORT

I|_MEAS
I_REF
V_MEAS
V_REF
|_DIFF_MA
LIMITS:OP:EI
LIMITS:OP:V

STATE_PLL
STATE_VS

PC State:

RCH2

RAMP | PLEP

REF:PLEP.ACCELERATION
REF:PLEP:EXP_FINAL
REF:PLEP:EXP_TC
REF:PLEP:FINAL
REF:PLEP:INITIAL
REF:PLEP:LINEAR_RATE

[ |
]
PLEP Mode m —
=tatiti

¥ _§ |
Off Standby Idle

0.000 Afs*

0.000 A

0.0000 s

0.000 A

0.000 A

0.000 A/s
LOAD 0 h
LOAD_O

ABORT LOG RESET

NONE Mode

I_MEAS
|_REF
V_MEAS
V_REF
|_DIFF_MA
LIMITS:OP:LI
LIMITS:OP:V

STATE_PLL
STATE_VS

PC State:

ABORT Both PCs Run Bpth PCs

Konrad
Gajewski
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RCH1
Faults

RCH2

1000

-0.090 A
DCB1

2000

DCB2 | Debug

DCBreaker: MAG-EE-1:

Parameter
Continuous total current
Overload factor
Overload time

Peak current

! FAST ABORT

Current Reading
Load current line 1
Load current line 2
Total current
Overload
Pressure 1
Pressure 2
Pressure delta
Overpressure
Tsense 1
Tsense 2
Tsense delta
Pyrofuses ready (8V)
Pyrofuses ok (8V)
Rtemp 1
Rtemp 2
Rtemp delta
Controller temperature
Module 1 voltage VCE path
Meodule 1 voltage VF path
Maodule 1 voltage VCE path
Module 1 voltage WF path
Module 1 voltage breaker
Module 2 voltage VCE path
Module 2 voltage WF path
Module 2 voltage VCE path

Unlatched

‘Warnings

FGC_HW

Current Status

Fast Power Abort 1
Interlock Key 1 O
24v Ps Aux! @
24v ps Aue @
Quench status O
Polarity switch pos 1 O

Polarity switch pos 2 . *

Fast Power Abort O

Polarity Switch 1

Motor Dir OK O
PC Status OK @

Switch MTR

Polarity

Flash Boxes

High Voltage Flash Box
High Current Flash Box

Le Helium Flash Box

Polarity Switches

Motor direction to

Motor direction to

To Pos1

Power Permit PC-1

interlock Key 1 @
24vrs au) @
4vesaue @

Quench status O

DAQ status ’

Lead 1 Temperature OK @ :
Lead 2 Temperature OK @ g

Polarity switch pos 1 @
Polarity switch pos 2 @

Pwr Conv, Pwr Fail .

Pwr Conv connected @

Enrgy Extr Pwr Permit .
Envgy Extr Remote stat @
Envgy Extr Nokrr stat @
Enrgy Extr Switch Closed .
Slow Pwr Abort Stat @
Envgy Extr Flow switch @

@
©

To Pos2

Fast Power Abort 2

Interlock Key 2 o
24v PS Aux1 @
2av s Aue @

Quench status O

Polarity switch pos 1 O

Polarity switch pos 2 . +

Fast Power Abort O

Polarity Switch 2

Motor Dir OK O
PC Status OK @

Switch MTR

Polarity

Power Permit PC-2

nterlock Key 2 0
24V Ps A @
4vesaue @

Quench status @

DAQ status ()

Lead 3 Temperature OK @
Lead 4 Temperature OK o

Polarity switch pos 1 @
Polanty switch pos 2 .
Pwr Conv. Pwr Fail )

Pwr Conv connected @

Enrgy Extr Pwr Permit o

Enrgy Extr Remote stat o

D Enrgy Extr NoErr stat o
Enrgy Extr Switch Closed @

Slow Pwr Abort Stat @

Enrgy Extr Flow switch @

Y

Power Permit .

Gersemi - Pepitone

RESET EE CLOSE EE

Power Permit .

Y

RESET EE CLOSE EE
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Magnetic insert

Operation:
Lambda plate to separate 2K
pressurized helium from 4K helium

Heat exchanger with sub-atmospheric
2K helium to cool the pressurized 2K
helium
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Current leads

Top flange

Thermal shields

Lambda plate

17 November 2022

% Magnetic insert — Above the lambda plate

Gersemi - Pepitone

Clamp

3D printed feed
through

Temperature sensor
Vtap

Heater

SC cable




Sensors

UNIVERSITET

Cable thermalized
Heaters, temperature
sensors

Many Vtaps for the
beginning

Heaters, level prob and temperature

sensors on the lambda plate
Heaters, temperature

sensors on the magnet -“

T B B
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Current leads
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4 current leads

and below the
lambda plate
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Foam and level prob o IRAR
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2m3 of foam to save a
lot of helium and be
more efficient/faster
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Conclusions
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------------------------------------------------\

* Design

0 o - - e PLC
Gersemi is a mix of in- . Infrastructure

house developed solutions * Cabling

* Insert
e Control system

------------------------------------------------,

------------------------------------------------\

e Software
Q . QDS
. * Energy extraction and
and CERN turnkey solutions control system
Power supplies and control
system

----'

------------------------------------------------,
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o IRAR
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Power converters and energy extraction
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2x EE IGBT

2x COMBO 2kA

80 mQ power resistance

http://sy-dep-epc-lpc.web.cern.ch/converters/combo/general.stm https://cds.cern.ch/record/2622105
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Power converters and energy extraction

UPPSALA

UNIVERSITET
Power Converter

Commercial Power Source

Panel
(Fast Abort,
Fuses)

Machine
Protection M
(Interlock Controller)

User interface
(eq.stop, spare, l.hard., pwr on...) conﬁg
Control

CERN
Control

(Load Prot., Signal

9 Controller e
(aclo) interfaces...)

 ®e)e 838385 ¢ ®
|3
&

Centre :
ern Safet nferface
(optional) . hardware sensc 4 | ) e
Clom:
.. L €l -
(high precision, 2 minimum) Sen. ! ASTROL Interface (E 8
Il Ouiput Interlock 50 Srorch e sty Beset

|

Both are commercial based components with an extra layer to communicate with the
CERN system

Gersemi - Pepitone
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Quench detection system
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20 PotAim cards

7 channels interlocks
HF and LF acquisition systems
Power converters 1-2
Energy extraction 1-2
Cryogenics

PotAim

Ry | Lopgyate | UG sings s | U505 oo g |
|k [Rri

1 uQDS for detecting symmetrical quenches

17 November 2022 Gersemi - Pepitone



Polarity reversing switch
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EE with 150 mQ dump
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Acquisition system
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CERN developed software
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