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Motivation and goal of the experiments
Development of the Multi-Cavity Complex Controller
based on the system parameters identification

Main topics of the presentation
• System setup
• Control system algorithm
• Experimental results
• Achievements
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Functional block diagram of Multi-Cavity Control System
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Vector sum control of 8 cavities  ACC1
Adaptive Feed Forward (gain=0) for three gradient levels

0 500 1000 1500 2000
-2

0

2

4

6

8

10

12

14

tim e [10-6 s ]

M
V

Cavity output envelope

0 500 1000 1500 2000
-4

-2

0

2

4

6

8

10

time [10-6 s ]

m
A

K lystron output

0 500 1000 1500 2000
-0.4

-0.2

0

0.2

0.4

0.6

tim e [10-6 s ]

ra
d

Phase of cavity and klystron

 

 

0 500 1000 1500 2000
-150

-100

-50

0

50

100

150

200

250

time [10-6 s ]

H
z

Detuning and half-bandwidth estimation

 

 

detuning

half-bandwidth

klystron
cavity

I Q Abs

AbsI Q



FLASH  Seminar     DESY   Jan 22, 2008 

0 50 0 10 00 15 00 20 00
0

2

4

6

8

1 0

1 2

1 4

1 6

tim e  [1 0 -6 s ]

C avity  am plitude

M
V

1
2
3
4
5
6
7
8
0

0 5 00 1 000 15 00
0

10

20

30

40

50

60

70

80

90

tim e  [10 -6 s ]

F orward power [kW ]

0 5 00 10 00 15 00 20 00
-0 .4

-0 .3

-0 .2

-0 .1

0

0 .1

0 .2

tim e  [10 -6 s ]

Phase of cavity  and k lys tron

ra
d

0 50 0 1 00 0 1 50 0 2 00 0
-100

-5 0

0

50

10 0

15 0

20 0

tim e  [1 0 -6 s ]

C avity  detun ing &  ha lf-bandw idth

H
z

1  - 21 9  Hz
2  - 21 6
3  - 21 4
4  - 22 0
5  - 21 7
6  - 22 6
7  - 22 7
8  - 23 4
0  - 22 3

Vector sum control of 8 cavities
Adaptive Feed Forward – all cavities monitoring



FLASH  Seminar     DESY   Jan 22, 2008 

0 500 1000 1500 2000

0

2

4

6

8

10

12

time [10-6 s]

M
V

Cavity output envelope

0 500 1000 1500 2000
-2

0

2

4

6

8

10

time [10-6 s]

m
A

K lystron output

0 500 1000 1500 2000

-0.2

-0.1

0

0.1

0.2

time [10-6 s]

ra
d

Phase of cavity and klystron

0 500 1000 1500 2000

-50

0

50

100

150

200

250

time [10-6 s]

H
z

Detuning and half-bandwidth estimation

I
Q
Abs

I
Q
Abs

klystron
cavity

detuning

half-bandwidth

Vector sum control of 8 cavities  ACC1
Adaptive Feed Forward (gain=0)   - 10 repetition readouts



FLASH  Seminar     DESY   Jan 22, 2008 

6 0 0 8 0 0 1 0 0 0 1 2 0 0
1 3 .9 5

1 4

1 4 .0 5

tim e  [1 0 -6 s ]

M
V

Z oom ed fla ttop range

6 0 0 8 0 0 1 0 0 0 1 2 0 0
-0 .0 1

-0 .0 0 5

0

0 .0 0 5

0 .0 1

tim e  [1 0 -6 s ]

ra
d

Z oom ed fla ttop  range

klys tro n
cavity

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0
0

5

1 0

1 5

tim e  [1 0 -6 s ]

M
V

C avity  output am plitude

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0
-0 .4

-0 .2

0

0 .2

0 .4

0 .6

0 .8

1

tim e  [1 0 -6 s ]

ra
d

Phase o f cavity  and k lys tron

klys tro n
cavity

rm s  =2*10-4 rm s =9*10-4 rad

Vector sum control of 8 cavities – ACC1
Feed Forward and feedback (gain=100)



FLASH  Seminar     DESY   Jan 22, 2008 

600 800 1000 1200
13.9

13.95

14

14.05

14.1

time [10-6 s]

Cavity amplitude
zoomed flattop

M
V

600 800 1000 1200
-0.01

-0.005

0

0.005

0.01

time [10-6 s]

ra
d

Cavity phase
zoomed flattop

0 500 1000 1500 2000
0

5

10

15
Cavity amplitude 

M
V

0 500 1000 1500 2000
-0.4

-0.3

-0.2

-0.1

0

0.1

ra
d

    Cavity phase

Vector sum control of 8 cavities – ACC1
Feed Forward and feedback (gain = 300)



FLASH  Seminar     DESY   Jan 22, 2008 

600 800 1000 1200
14.8

14.85

14.9

14.95

15

15.05

15.1

15.15

GAIN = 0

600 800 1000 1200
0

0.005

0.01

0.015

0.02

0.025

0.03
GAIN = 0

600 800 1000 1200
14.9

14.95

15

15.05

15.1
GAIN = 100

600 800 1000 1200
-0.01

-0.005

0

0.005

0.01
   GAIN = 100

600 800 1000 1200
14.9

14.95

15

15.05

15.1

time [10-6 s]

GAIN = 250

600 800 1000 1200
-0.01

-0.005

0

0.005

0.01

time [10-6 s]

 GAIN = 250

600 800 1000 1200
14.8

14.85

14.9

14.95

15

15.05

15.1

15.15

GAIN = 0

CAVITY  AMPLITUDE  [MV] CAVITY  PHASE  [rad]

Beam loading testing



FLASH  Seminar     DESY   Jan 22, 2008 

∫
==

f
t

0
f

f
f

(t)dtP

)W(t
energy expended

energy stored η

(t)(t)
t

(t)(t)(t) ω∆=ϕ⇔ϕ=∠=∠
d
dvu

)tsinh(ω
t)sinh(ω)v(tv(t)
f1/2

1/2
f ⋅=

)tω2exp(1η f1/2fo −−=

Cavity filling optimization

- phase

- amplitude

Optimal energy efficiency

Optimal condition
for cavity model

( ) (t)(t)∆ω(t)(t)
t 2/1 uvv +⋅+ω−= j

d
d

The energy efficiency ηf
for  filling range tf



FLASH  Seminar     DESY   Jan 22, 2008 

200 300 400 500 600 700 800 900 1000 1100 1200
0.4

0.5

0.6

0.7

0.8

0.9

1

filling time [10-6 s]

Energy efficiency 

optimal
b = 0
b = 0.5
b = 1

sinh
lin
exp1/2
exp1

The energy efficiency as a function of filling time
for different amplitude trajectories of cavity model



FLASH  Seminar     DESY   Jan 22, 2008 

Single cavity filling (Cavity 8)
for three trajectories under resonance condition 
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• The parameters identification algorithm has been verified
• The control algorithm based on parameters identification has been confirmed 

for feed-forward and feedback modes for all single cavities and vector sum
• The long flattop range = 800 us was applied  in most cases
• The loop gain value of ~300 has been achieved for the vector sum control
• The required cavity performance has been fulfilled : driving under the 

resonance during filling and field stabilization for the flattop range
• Achieved field stabilization:

amplitude relative accuracy ~ 2·10-4,  phase accuracy ~ 9·10-4 rad.
• The diverse filling ranges have been tested for different output trajectories 

Adaptive FF and SEL have been applied
• Cavity filling optimal condition has been proposed

Achievements


