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PART ONE Introduction




>
Introduction

A 324 MHz superconducting spoke cavity coupler RF conditioning test platform is building in
CSNS (China Spallation Neutron Source) linac klystron gallery to let couplers fully

outgassing to prevent the contamination of the superconducting cavity during the actual
operation.

Couplers, resonator and ion pump. Klystron, waveguide, circulator and load.



Introduction

In September 2020, a set of MTCA digital low-level hardware platform was purchased from German
struck company. Based on the current control scheme of CSNS linac, some similar functions, such as
feedback control and VSWR protection, are implemented on this MTCA. In addition, due to the
requirement of 324MHz superconducting spoke cavity coupler RF conditioning platform, a RF
conditioning control software needs to be developed.

CSNS L £, 41 97 12

LLRF control system for RF conditioning test platform. MicroTCA chasis. 5



PART TWO Realization Method




System Architecture of Test Platform
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The system has power
monitoring and VSWR
protection, power limit
protection functions. Maximum
power output: traveling wave rf
conditioning 1 MW, standing
wave rf conditioning 400 kW.

The protection system needs to
monitor 3-way vacuum data, 8-
way arc signals, cooling water
velocity, temperature data at 18
places and 2-way secondary
electron multiplication detection
signals.



Software Architecture

PC

Written by SNL
Language.

: RF Conditioning programs can be

: implemented though SNL (State Notation
: Language) by installing re2c and seq plug-
: ins under EPICS architecture. Its function
' belongs to the Sequencer in the left picture.

: By calling the PVs that IOC has released,
: Sequencer can implement some programs
: with simple single functions but numerous
 items. It is implemented inside the IOC, i
: even if the industrial computer is

: disconnected, as long as the MicroTCA is
: normal, it will not affect the normal

: operation of the program.

: The industrial computer adopts CSS :
: (Control System Studio) software to realize
: the control interface, which mainly :
: completes the parameter setting, switch,
: and data display.
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Implementation of data interaction between OPI and hardware (Creating PVs)

[ VSWR_Control Panel. opi ]
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Device Support [ sis830012 device.c/. h

A

sis830012 device

Device Driver [ driver.c/. h

Record Support and Device Support Entry Tables, Read the
data in the register to the PV value of record.

Driver API functions, include register reading and
writing program.

Register Access
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Run two 10Cs simultaneously in one machine

LAN

10C for LLRF

Channel Access

Database

Record Support

Device Support

Channel Access

Database

Record Support

Device Support

| /0 hardware

Sequencer

In order to allow RF conditioning
|OC to use the PVs of LLRF IOC,
both of them need to run at the
same time.

To this end, we reset the UDP
port number in the st.cmd file of
|OC and the Channel Access
option of CSS.
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Basic ldea of RF Conditioning Procedure.

1. Cold Cavity Preheating

When the duration at the peak is set
.- - to be large enough, it is equivalent
2. RF co“d|t|°“|“g to switching to the cold cavity
preheating mode. Therefore, the
two procedures are unified.

The current program is based on the
vacuum value to control the amplitude of
the cavity. The required parameters are as
follows:

1. Monitoring parameters required:

1.1. Current amplitude of cavity

1.2. The current vacuum value of the cavity

2. Parameters to be set manually:

2.1. Initial amplitude of cavity

2.2. The maximum amplitude allowed by the cavity
2.3. The minimum amplitude set by the cavity

2.4. Unit amplitude when the amplitude rises normally
2.5. Duration of normal amplitude rise

2.6. Unit amplitude when the amplitude decreases
normally

2.7. Duration of normal amplitude decrease

2.8. The duration of the maximum amplitude of the cavity
2.9. The duration when the cavity amplitude is at the
minimum

2.10. Decrease amplitude of vacuum in abnormal state 1
(slow decrease)

2.11. Decrease range of vacuum in abnormal state 2
(fast drop)

2.12. Observation time when vacuum is in abnormal
state

2.13. Four thresholds of vacuum A, B, C, D 12



Basic ldea of RF Conditioninc
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When the maximum value and initial value are determined,
the system will divide the rising stage into three parts, and
the total rising amplitude of each part is the same

1.

In the first stage, because the power is low and
relatively safe, the system will gradually increase the
power according to the set full unit step.

In the second stage, the system will increase the
power by half of the unit step.

The third stage is approaching the peak value, so the
system will gradually inctease the power by 1/ 4 of the
unit step.

min_value
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S0 determines
whether the current
value is already
greater than or equal
to the maximum
value.

state

initial

S1 determines whé
the current value is
top third, the middl
the bottom third.

ther
in the
or

197

S2 is in the top third, self-increasing power
cav_amp+=step_amp (Self circulation full step

re judge.

—If-it reaches or exceeds the
maximum value of the
interval, return to state1 and

The S3 is in the middle third, self-increasing
power cav_amp+=1/2step_amp

state X

state Y

state Z

Yes, go to powerg

falling phase.

state
five

The S4 is in the back third, self-increasing power
cav_amp+=1/4step_amp (Self circulation full step humber L)

Triggering by
vacuum,
entering the
state of power
reduction, and
returning to
STATE ONE
after
stabilization.

] The number of ascending steps is dynamically determined
according to the maximum amplitude set.
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Crisis management in the rising stage (Level 1)

State in the
ascending
phase.

Vacuum is
abnormal!

ee T iEs !
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,vac_c = 8E-5
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A 4
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\ 4
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\ 4

vac_value >=vac_d

Go to the next stage
normally

Keep the current value and wait for

the vacuum to be better

Start to slowly decrease
the current value

Start to quickly decrease
the current value

Immediately to the lowest

value or 0
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Offline Test
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Both 10Cs are working normally.
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PART FIVE Summary




Summary

In order to meet the requiremnets of the superconducting cavity coupler RF
conditioning, we have designed and developed a corresponding RF condition
control application on the LLRF system of the test bench. The main program of
this application is mainly completed on EPICS 10C through SNL language. The
corresponding control interface is completed in CSS (Control System Studio).

The results of offline testing and joint debugging of vacuum equipments show
that the application is working normally and can be used in the next step.
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