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Cavity Tuning Machines Status 2%

Fermilab

« DESY delivered the
FNAL and KEK
machines mechanical
assemblies to FNAL on
August 2009

A few mechanical parts
need to be redesigned
and fabricated, DESY
expects delivery of final
parts by end of January
2010

DESY and KEK machines at Fermilab _ _
Industrial Center Building (ICB) e M pan. | TOTALIO

21 35 9 19 ad
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Control Rack Fabrication Status #

Fermilab

« Design complete and
fully tested with
prototype rack

 First production
control rack completed
by mid-January 2010

p===alt |+ All four production
I R control racks

84008 [ completed by end of
April 2010

 Each control rack
include five FNAL-
developed electronics
boxes

First production control rack fabrication in
progress
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FNAL Electronic Boxes 2%

Fermilab

WITY TUNING MACH!
\TOR DRIVE BOX

Linear Actuator Drive Box

Motion Inhibit Box
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Software Development Status 2%

Fermilab
avity Tuning Maching v 12 Wk (- Based on a framework/plug-
0 09900000000 O : .
et et oyt in architecture
e —T - Framework developed and
e Tem  iznEw 3 tested, automation features

included

 Most plug-ins developed and
tested: all functions for
tuning a cavity are available

» More testing and debugging
needed for exception
handling, reliability.
Automatic eccentricity
correction mechanical model

ot o« T | [imitialzing under development
» First complete release by
Operator display example Aprll 2010
Plug-in examples: cavity model, eccentricity * Additional automation and
e B peioucles
Sggﬁioning, touch servii:g, tuning, eccentricity more operatlonal experience
model, monitoring GUI IS gained
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9-cell Cavity Tuning 2%

Fermilab

1.05 « Tuning of a 9-cell cavity

§ with the FNAL-
E ] w developed control
®0.95 |« system demonstrated
§ / on December 2009
= 09
= /" * Results:
E 0.85 \\ / A~ Prosuming (7% fiold — Field flatness from
N o8 flatness) 7 78% 10 99%
= N | = Post-tuning (99% field — Deviation from target
£0.75 flatness | frequency from -430
S KHz to -6 KHz

0.7 — Cavity kept straight

1 2 3 4 5 6 7 8 9

Cell Number
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Tuning Model

T
Il 12 In

n-pole lumped parameter model of coupled LC oscillators, with
automated phase assignment algorithm

Model input: target frequency, modal frequencies, frequency Model output: Pl-mode target
shifts during bead pull at each mode frequencies as each cell is tuned
TatgetFrequency [MHz] In turn
’rﬂ 1297.4 Enter the reguired farget frequency for the ca L-rrl‘y 1 current condifions
| dF,kHz . TargetFrequency [MHz]
. _ ks
FtiveFieldStrength ( FSD =40
¢ \ Frequency [Hz] \ 5
_rgﬂ §36.3456 J111.088 172,08 |212.325 |234.701 (212,347 [170.228 |108.883 |34.139 \ tio Wizt
? 0 |79.6375 196,756 |219.468 |143.083 |5.67262 [141.536 |221.558 |193.382 |79.7746 1.27531E+2 10,2974
114,147 |225.136 |114.178 |105,324 1223.712 |106.621 |113.332 221,393 |112.703 1.27545E+3 -0.6A053
145,452 |186.861 |A1.1844 |217.098 |5.60625 {217,601 |76.5301 |167.65 145,661 1.28263E+9 e
168,244 |105.916 [205.075 |44.5338 |217.599 143,319 [205.976 1108568 |173.013 | 1.28683E+9 rmls—
192,028 {44587 |186,056 |167,379 [3.61248 1190.344 |183.572 |5.60892 |193.262 | 1.23107E+9 :
207235 (107,435 |418871 |167.902 (210,38 165,552 |38.0865 |109.595 (205522 1,20432E+9
211529 |185.591 |140,024 |75.0957 (14,1894 |78.068+ |142,192 |188.039 (211336 | 1.23661E+9
149,547 |149,467 |151.486 149,92 (144.679 |149.256 [149.376 |147.763 |146,254 |1.29735E+9
Bead pull measurements Spectrum measurements

JE
e

Fermilab
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Tuning Algorithm

Configuration | Eccentricity  Tuning [ Train | Calibration | Status |

Gate | Touch ] Spectrum | Bead Pull ] Assessment ] Model  Tuning 1

Program aborted ;'Phase i

] 1 I
2.5 3 35
fwerage from ZERO, mm

131 3

112

113 ?
|\|.||-n.,.u.g-.-.}-il-.‘n|1|r-|||-|”|-||r|||||
0 g g g S g g

Set Touch j Update F _))

| 08:13:15 - Jaws at dFmax, Stopping the Fast return,
" D8:13:15 - Jaws stopping, Wait or stop

08:13:18 - Jaws stopped. Moving Jaws back
08:13;18 - Jaws moving back. ‘Wait or stop

(8:15: 18 - TIMEQUT on Jaws To Back. Call Maintenance

| 08:15:18 - Program aborted

If 5.777 mm

112k Hz 1297415 MHz 08:10:20 é3F|2‘1"’t}-\.r\f|‘3.-DDIZ'”

ng

MW

Eﬂs 505 405 305 205 105 I};
| 5,909 mm ;l e
| 6.005 mm I

i

To Zero @

[
20

I I 1 i
20 gi370 0 ¥ii.10

JE
e

Fermilab

Program
automatically
moves tuning jaws
to achieve model dF
while keeping laser
spot centered

Pl-mode frequency
feedback provided
by network analyzer

For eccentricity
corrections,
program will move
tuning jaws while
shifting laser spot
to new (x,y)
coordinate provided
by mechanical
model (under
development)
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Cavity Alignment Laser J

Fermilab

« Cavity alignment laser spot
captured with camera and

digitized = el
. 25~ - L 5 -4
+ Key to enable tuning Saturston] Space Lk Tmeout _ Idig  Update _ Staus

1100 {smm  z000ms Ji00ms  AS79ms JoK

automation
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Eccentricity Measurements 2%

Fermilab
Calibration with “dummy” Dummy cavity eccentricity
cavity measurements
Center Offsets

cellr iR
celz [l
celis g Target: offsets
celi: [0 within 1 mm
ceis S8 | diameter for cells,
celo 8 | and 2 mm diameter
cel7 [l for end flanges
cels I
cello [
er1 [
erz g

Hange Angles
Flangel- Angle
;159

Y Flangel- Amplitude| Target: 0.2

= gn.nl mm

8 amplitude
Flange2- Angle deviation
-59
Flange2- Amplitude

25 o 5l O O O R 0.02
-0.6 -0.4 -0.2 0.0 0.2 04 0.6
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Reference Flange Perpendicularity #

Fermilab

Leal

N

Reference Flange Laser
Measurements

LMin

* Reference flange
perpendicularity is critical for
wel_d!ng He vessel to XFEL Tolerance: dL < 0.2 mm
cavities

Reference Flange
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Eccentricity Measurements 2%

Fermilab

Pre-tuning Post-tuning (eccentricity
correction not attempted)

celr iR celr [N
celz [{ celz [{
celz g cels g
cels i cels [
cels [ cells [
celic g cels [
cel7 [ cel7 [
celis [ celis [
cello g cells g
el Y er1 g
e [ erz g
Hange Angles Flange Angles
0.6-
0.4-
Flangel- Angle Flangel- Angle
5.2 ? ? i 8 6302 l68.60
T _ . Bmme | H2ngel- Amplitude = Flange1- Amplitude
£ g T | PR = 10.51
: | E
_ o - RS R e, 8 9P W
[ Fhﬁg_ﬂ— Angle Flange2- Angle
o EEENESEEnREEE 21 17 |
: | | Flange2- Amplitude Flange2- Amplitude
L EEENEEENCSSEESSCSARNEEEE 07 [0.07
0.6 -0.4 -0.2 0.0 02 04 0.6
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Cavity Tuning Machines Cost

MOU cost estimate per machine: $492 K

— MOU specified labor rate of 70 kEuro per person-year, with an exchange
rate of 1 Euro = 1.4462 US$ on Nov. 05, 2007

Actual cost reported below as of End of Calendar Year 2009
(EOCY09). Used 1,760 labor hours per FTE
DESY cost to EOCY09 (from Wolf-Dietrich Moeller, 12/22/09)
— Labor: 12,829 hours, 7.3 FTEs, $739 K
— M&S: $813 K
FNAL cost to EOCY09 (from TD Project 3000 accounting, 1/6/10)
— Labor: 10,838 hours, 6.2 FTEs, $623 K
— M&S: $209 K
Total cost to EOCY09 (4 machines): $2,384 K
Total cost to EOCY09 per machine: $596 K
— Final cost per machine to be determined ~ April 2010
KEK contributions (direct):
— JFYO07: $71,885, JFY08: $223,873, JFY09: $197,239
— Total KEK contributions to EOCY09: $493 K
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e

Fermilab
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Main Changes for 6560 MHz cavities #

Fermilab

- - - ‘, 3'—‘ ' ’. — 1
== Tuning frame aperture, tuning
vise aperture

Tuning Jaws (x6)

Eccentricity Measurement System, Dummy Protective Shields (x10)
Cavity
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