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 Quenches
* Q-Slope

« Lorentz force detuning
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 Electrical model for transmitted and reflected voltages
+ Realistic SRF behaviour:
* Quench
* Field dependent Q
* Mechanical modes: Lorentz force detuning and
microphonics
* Piezo tuner model
« Some applications.
« Kalman filter debuging
* Quench detection algorithms
* QOperator training on LLRF EPICS panels
« Conclusions and some possible upgrades
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TABLE 1. Measured and theoretical fall time and maximum voltage without
detuning as a function of Qey for Qg =35 X 1019, /0 = 1000 Q. Af =0 Hz,
and frg = 1.3 GHz.

Tfull \1“12\
Qext Meas. Theo. Meas. (MV) Theo. (MV)
5% 106 1.13 ms 1.22 ms 2.66 2.68
5% 107 12.0 ms 12.23 ms 8.22 8.48
5% 108 117 ms 121.2 ms 25.46 26.57
5x 1010 59s 6.121 s 66.84 68.04
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* Quench threshold is set by user. Once reached parameters are set to normal conducting
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» Vecav is used to address a look-up table where cavity parameters are stored - Q-slope
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« Lorentz force detuning and microphonics defined by up to 5 mechanical modes
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Field in cavity

Microphonics

« Microphonics: white noise, step, impulse or sinusoidal signals
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* Lorentz force detuning and microphonics defined by up to 5 mechanical modes
0 1
d (Awy (D)) _ o, | (Bom(®) 0 ,
%<A.wm(t)> B <_wm2 @) <A.wm(t)> * (_memz) (Ecav T MC)

« Microphonics: white noise, step, impulse or sinusoidal signals
« Similar block for piezo tuner emulation: 5 mechanical modes + DC component + Delay
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50ms delay

Detuning frequency

r
o

4 Hz bandwidth

[~
T

=
o
T

| I | |
5 10 15 2 2 30 3 0 a5 50 55
Piezo frequency

g ga.u.]

Measured detuning vs. Piezo input
frequency for 1 mode @ 40Hz and
Q=10

=]
n

~ detunin
b B A
T T T T

o
o
FT

1 1 I
125 13 1.35 14

1 1
1 1.05 11 1.15 12
# samples %108

10



Some applications

Virtual Cavity

Parameters from controller

Field dependent Q
SIS3200L2 DWC8VM " >~[Quench
= P 3
S | FPGA ®
Ll‘: IR N =
Q h e—t 2 Dnﬁ \e?n
o -
. w
8 | . R, Wiz M 5
Field detection E o= _ Transmitted . =1L ; m@f ? _
) Lo e s | Q
. g HRHEZ 1.3 GHz ‘ 200k S il ref g
~ g oo -
1 fier [ 28 H9 g H-= 2~ Forward 8 Q"”"v“v et
=2 =L Qunf |} 5 -+oac>
H =l 5 - a
Controller _%E @ Electrical model
T OEHOAHO-TES Iz W QK F+Q?
= L on Mixer Attenuator {:;w
= o<l !'“:—T*f‘lzl"\éjwfmmtwﬁ. ol Microphonics|
] rom controller
L.| Kalman Filter EA o
; pce ||| O TR | T e -
Casy = Cavity mechanical model
i CLK
DDR mem. | PCle Comm Lo — YV v
3 . REF Wy Qnm Ky

Amplitude and phase control mTCA boards

mTCA boards ] f:llmi iy

ADC

Piezo

Tuner mechanlcal model

Up/Down Converter to/from 1.3GHz

Virtual cavity connected to an mTCA.4 LLRF control boards

HZB Helmholtz

Zentrum Berlin

1"



Some applications HZB Helmholtz

Zentrum Berlin

« Kalman filter debugging. Estimation of detuning in noisy enviroments for optimal detuning
control. [A. Ushakov, IPAC18]
» Debugged with Virtual Cavity with three mechanical modes

500 Kaiman:respance dacoinposition by nodes 5 Kalman responce and ffected by sensor noise comparision

—Kalman 1st mode responce

Kalman 2nd mode responce
—HKalman 3rd mode responce 500 -
‘--Kalma‘n SUMM responce

—in put detuning|
—KF responce

Detuning, Hz
w
&
=4

£ 350 -

W
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Filter res

V¥,

% 100 150 200 250 300 350 g 50 "fme mea1s,5u0remem uf‘?l”x v 02550 20 350 2% 0.005 0.1 0.015 002 0025 003 0035
Time, measurement unit x 37,66 ns % ¥ Time, sec
Kalman modes estimation Comparison with VC detuning Kalman estimation after stepwise

microphonics

* Quench detection algorithms: LLRF signals can be used to estimate in real time cavity
parameters. If a sudden change in w,/, is detected > switch off RF
« Simulated for all HZB SRF cavities (bERLinPro and BESSY-VSR) [P. Echevarria,
IPAC19]
» To be implemented in mTCA.4 and tested with the Virtual cavity
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Some applications

LLRF operator training:

LLRF servers + ChimeraTK Control System Adapter + EPICS panels

Output selection

RESET Analog Module
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Sample lengths:

Visualization error

Configuration error

Teaching: GUI panels can be modified to hide information to students!

Logging -
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C >
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0000

Pre-processed parameters

HZB Helmholtz

Zentrum Berlin

HZB Helmholtz

Zentrum Berlin

13



Some applications

LLRF operator training:

LLRF servers + ChimeraTK Control System Adapter + EPICS panels

Teaching:

(thanks to M.
Hierholzer (DESY)!)

GUI panels can be modified to hide information to students!

HZB Helmholtz

Zentrum Berlin
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Conclusions and possible up H/B....
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« Using a Virtual Cavity for control algortihms debugging saves time and money
» The presented Virtual Cavity mimics:
« Fundamental cavity behaviour for transmitted and reflected voltages
« Quenches
* Q-slopes
» Lorentz force detuning
* Microphonics
* Piezo-tuner behaviour
« Wide range of user-selectable parameters
» Already used for:
« Kalman filter detuning estimation
* LLRF panels training
» To be used following this year: Quench detection algorithms
» Possible upgrades:
* Multiple passband modes
* Virtual Cryomodule: several cavities to debug Vector Sum LLRF control
* Recorded real microphonics signal
» Amplifier non linearities
« Beam loading

14
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