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Outline

A Why Control?

A Cavity Equations

A Control Systems
Cavity Models

A Algorithms
Generator Driven Resonator (GDR)
Self Excited Loop (SEL)

A Hardware
Receiver
ADC/Jitter
Transmitter
Digital Signal Processing

A Cavity Tuning & Resonance Control
Stepper Motor
Piezo
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Understand What You Are Controlling

A Cavity: what's the frequency and Q,, ANV

A Pu Isfed, CW,. both N

A Cavity Gradient SNS Cavity fmdes

A Lorentz detuning Mechanical AL -

. : Modes aValaaVaVs

A Field regulation LY UEV YL

A Residual microphonic background R AVARVAYE D
Mode 6

A Beam current ANV

A Klystron/IOT/amplifier effects

A Other cavity pass bands |
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A Fault Recovery ’
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Cavity Microphonics

A Determines the feedback gain needed for operation

A Determines the Q, and the klystron power for lightly loaded
cavities
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Cavity Microphonics Cont.

I\D/Ilcirophonlc (Rirfl?scedn)ce C100 I\/Iicrophonic Impact on cavity
etuning* stiffene _

wer ratin 20 MV/m
RMS Amplitude (Hz) [1.98 3.65 power operating at 20 MV/

(100 mA of beam)
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Lorentz Detuning

A RF power produces radiation
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pressures : P = (mH?1 eE?)/4 0.90 -
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atthe equator «Inward pressure at gradients (15+ MV/m) neededfor new
«~  theiris accelerators
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Cavity Equivalent Circuit

The simplest representation of a

cavity is a parallel LRC circuit . 1
V.(H)=v e ' gt R ——C¢C

Coupling to the cavity can be
represented by a transformer and
then reduced to the following circuit 7= 1

(V)

® =3 G Fedete = D603 Fizere

where Z, =k?Z,  And the coupling b is defined 41 kii

References: 1
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SC Cavity Equivalent Circuit Terms

R, | Shunt Impedance q R, :_rgggjgnizum q
r/Q Geometry Factor q Qo Intrinsic Quality Factor

E | Electric Field V/m QL Loaded Quality Factor

| Electrical Length m Pg Generator Power w
fo Cavity Frequency Hz F)C Cavity Dissipated Power |W
W |Stored Energy J Y , |Beam Phase

b |Coupling Coefficient |b Beam Current A
Y Tuning Angle VC Cavity Voltage \%
af |cCavity Detuning Hz Dfo Cavity Bandwidth Hz
dfo Static Detuning Hz Ofm Microphonic Detuning Hz
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Basic Cavity Formulas

Substitutions for L & C w =1 c=-
° JLc R
Shunt Impedance R, Ve or from circuit theory R, Ve
P. 2P,
Q
Loaded Q and Shunt Q =—¢ R =(r/QQ
Impedance 1+ b
Generator V2 (1+ b)?é I R Zg é I R
P, == jégl +2—+=cos Y |3 tap ¥+
Power R 46 76 V. a é Y
Dw d
Detuning Angle tanY = 2Q — 20 —
40 fo
Total Detuning af = f +1¢

References: 1, 27
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