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Introduction

B Compact ERL (cERL) is a test facility for the future 3-GeV ERL project. It isa 1.3-
GHz superconducting system and is operated in CW mode.

Injector consists of
four cavities: Buncher
(NC), Injector 1 (SC),
Injector 2 (SC),
Injector 3 (SC).

Main linac includes
two nine-cell cavities
(SC).
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HLRF (Power Source)

M At present, total four kinds of Power Sources are applied in cERL : 8-kW SSA, 16-
KW SSA, 25-kW Klystron and 300 kW Klystron.

RF requirement

0.1 % rms, 0.1 deg. rms for cERL
0.01% rms, 0.01deg.rms for 3GeV-ERL
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Bun. 1.1e5  3kwW
Inj. 1 1.2¢6  0.53 kW
Inj. 2 5.8e5
Inj. 3 4.8e5 24 KW
ML1  1.3e7  1.6kw
ML2  1.0e7  2kw
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HLRF (Power Distribution System)

I
Rather narrow LT

space and
complicated
waveguide.

Phase Shifier

SSA ksl 300 KW Kly.
4 , . ~ Vector-sum controlling
# , - |

for Inj.2 and Inj. 3.
Outside shield

6 kW circulator

8 KW SSA 25 KW Kly.
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LLRF (Digital Board)

LLRF Cabinet
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Digital |/O

= ADC: TC 2208  prmeescl
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Thermostatic Chamber [&8
(0.01 deg.)

ey y r Ny N

uTCA Digital Board ’f

7
ADC & DAC Interface

q" Down-convertor

Four channel 16 bits ADCs + four channel
16 bits DAC:s.

Digital Board

ADC LTC2208 16 bits, 130 MHz (Max.)
DAC AD9783 16 bits, 500 MHz (Max.)
FPGA Virtex 5 FX 550 MHz (Max.), includes a Power PC with

Linux, EPICS is installed on the Linux.
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LLRF (DAQ & communication)

B LLRF (Tuner + FB)

B EPICS (Experimental Physics and
Industrial Control System) is installed

inside Micro TCA and is used as the DAQ

(data acquisition) system.
B CSS (Control System Studio) is in

charge of the user interface programming.
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LLRF (frequency control)

W Cavity resonance frequency control: Tuner + Piezo.
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LLRF (field control)
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IIR:y(nN)=a-x(nN)+(1-a)-y(n-1), a<<1
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Current Performance (RF field)

©

Amp. Pha. Amp. Pha.
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Beam Momentum jitter is 0.006% (in agreement)
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Performance (Beam energy)

B Beam momentum jitter is measured by screen monitor and determined by
the peak point of the projection of the screen.
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R&D (Adaptive FF)
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Disturbances in RF system

W Main disturbances: High voltage power supply ripples (300 Hz) + burst
mode beam-loading (0.5 mA~1mA, 1 ms ~ 2 ms) and Microphonics (DC ~
500 Hz).

FF(s)

Seb i) - kP KL el 00tz [
S L )
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1 PS ripples

Beam-loading e uuse s

%crophonics

sx10° | | |
|_Microphonics /

4.

3 !

0 |deg.]

2 |

;M J&Wlwm

0 500 1000 1500 2000
f [Hz]
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Adaptive FF ctrl

B The disturbances estimate d can be evaluated accurately if we “know” the

mathematical model of the system (disturbance observer).
B Disturbance-Observer-Based control (DOB control)

PS Ripple + Beam

W

PS Ripple + Beam

FF—

4+, DAC +$d
FF—{1J

&

forfa et

Rebuilt

V\‘icr ophonics

Cav
—
Gp ()
Mlcro honics

Model _
S+2

G
> () S+ p
S+ p

d=(¢+d)G (5)-G, (s)—& = d |
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Adaptive FF ctrl (cont’d)

B The disturbances estimate d can be removed from FF table, thus the disturbance

V\¢icr ophonics

signal d is rejected.

PS Ripple + Beam
pac  +Y d

FF—p»
E +

PS Ripple + Beam

pac  +Y d

FF— (D
T

removing &' = + ' <
| ’ff G:* (s)
L. _. d

Cav
G; (s)

Micr oshonics

Cav

G, (s)

d=(¢+d)G (5)-G, (s)—& = d

Model
S+2Z

G —
- (3) S+ p
G—l :S+p
- () S+7
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Adaptive FF ctrl (cont’d)

M In practical, the combination of AFF control and PI control.

PS Ripple + Beam

Microshonics

Cav

G, (s)

bt

AFF ctrl.

Set .+? >

Ctrl.
PI(s)

Ctrl.
PI(s)

PS Ripple + Beam

+ d
. +

+
FF

Micr oihonics

-

‘Comblnatlonl
Mlcrophonlcs

PS Ripple + Beam

Pl ctrl.

Pl + AFF ctrl.
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Disturbances 1 (HVPS ripples)

W Main disturbances: High voltage power supply ripples (300 Hz)

FF(s)

ﬂ’(—) > Pl (s) = KP K, / 300 Hz Fluc. A[ A
A S ~ /

PS ripples

o

ERL (2015), F. QIU

17



Application 1 (HVPS ripples)

B Disturbances: high voltage power supply ripples (300 Hz ripples).

g
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30 40
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300 Tiz
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The 300 Hz ripples is disappeared

freq [Hz]
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Disturbances 2 (beam-loading)

W Main disturbances:
mode beam-loading (0.5 mA~1mA, 1 ms ~ 2 ms)

FF(s)

&’C—\ >{pi(s) = kp+ KL —><—|gj
i - S

m Beam-loading
C

burst
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Application 2 (Beam-loading)

B Disturbances: Beam-loading (about 1.6 ms and 800 A beam current)

v

S ~ 9 Hz < :

\\l’ﬂ Beam profile ~1.6ms ° C_V_ ~ 800 pA
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N
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Disturbances 3 (Microphonics)

B Main disturbances
Microphonics (DC ~
500 Hz).

FF(s)

Set a - Kl
—>Q PI(s) = KP+— —

\dcrophonics

x 10~ : _ _
_~Microphonics /

/ DC ~ 500Hz

WM i

® 500 1000 1500 2000
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0 |deg.]

— by W B
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Application 3 (Microphonics)

B Disturbances: Microphonics (DC ~ 500 Hz) ML 1

B Even with high feedback 1299 |

gains, the microphonics still &z i ol Ul

exist in the measured RF < -129.95 e
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; I , | I | ik \
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0.01 . . . :
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Summary

Construction of the RF system for cERL was finished

RF field requirement is satisfied.

Very good beam momentum.

Disturbances in RF system is rejected by a new AFF control

approach
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Back up
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IQ Sampling:

Non-IQ Sampling:

=

=
=

=

-1.0

DSP algorithms (I/Q detection)

—
=)
]

IF: Intermediate Frequency
) Fs: Sampling Frequency

FS=4fIF

E.g.
IF: 10 MHz
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0

5. %1078

- I 1.5><|1-3'I7 I
TIME [S]  m——

2. %1077

E.g. (cERL)
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FS—_fIF
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2 U
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2
=3y, sin(k =)
3 &
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> I
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>
IF (10 MHz)

Definition

(Q uadrature orimaginary part)

Q=A-sing,

A=.1?+Q?

\ Icpo =arctan (Q/1)

» 0 deg

:I (In-phase or real part)
I

4

.- A&P->1/Q

(Unique Mapping)

Cos
Sin

2

Advantages(non-1Q):
» Auverage effects
* Reduce aliasing

©

{I =A-cos¢y  Eq.



Model Based FB optimization ©O

» The “Q” filter (LP filter) is used for improving the robustness
(remove the high frequency noises)?

MicroPhonics + Lorentz detuning

Klystron Ripple + Beam loading ¢

d
FF DAC - Cav
| E e
u -+
_% + " G,(s)
Fil
Q(s) Ti
~ | cul - o
@ X onnet_:ted another system
e Q(S)G—l(s) ADC Q(S) Wlth G;l (S)tO make
d P sure it can be physically
realized.

s If the Q(s) is an low-pass

= filter, then the d can be still
d=(s+d)G,(s) -G, (s)-Q(s)—&-Q(s) =d -Q(s) evaluated. 26




Total LLRF diagram

> Pl + DOBC (AFF)

+ + + CaV
w PI(S) 4»?70 = —P — De'ay y ° .
Y - Pf| G,(s)
Q(s)
Y
Delay ADC
n — Ctrl \ &
M %H pelay e <]
Q(s)G, (s)
Conj. 4th

f — Delay |— FL(s) |-t
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System Identification

©

» Input white noise in the DAC output and read the response from the ADC?

Step 1: Generate
white noise with
FPGA

o —s

FPGA

.

|
\ Step 2: Measured the
response of the white

noise

A\

Step 3: Acquire the system model based
on the input/output data by system
identification method.

white noise
A —
/\/\/
\
-A ——
Response 28




Application 2 (Beam-loading)

B Disturbances: Beam-loading (about 1.6 ms and 800 A beam current)

[
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