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A superconducting CW RF linear accelerator is being built at the SLAC National
Accelerator Laboratory to provide 4 GeV short bunch-length electrons to
LCLS-1l undulators at high repetition rate. LCLS-II RF requirements have driven

digital LLRF system was designed by a multi-lab collaboration to meet the
LLRF needs of LCLS-1l (C.Hovater & et al., 2015). Results from initial testing
have demonstrated that the system meets and exceeds critical performance
requirements (Doolittle & et al., 2017) enabling low phase noise control of
superconducting cryomodules as well as the possibility of active
compensation for microphonics. The modern, high performance LLRF system

conditioned structure with well documented ambient temperature stability
limitations (Akre & et al., 1997); the klystron gallery can vary 50 degrees F in a
single day. To overcome the thermal stability limitations of the klystron
gallery, a rack system has been carefully, yet cost effectively, designed to

placed close to accelerator penetrations to minimize effects from

to the internal design of the rack to keep temperature sensitive LLRF chassis
thermally stable and microphonics sensitive chassis acoustically stable. The
LLRF rack design considerations will be presented with test results
demonstrating a variety of metrics including temperature, acoustic, and RF
stability.
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LCLS — Il LLRF & Rack System Requirements and Design

need for a high precision RF control system (Emma & et al., 2014). A

be distributed in the first kilometer of the SLAC klystron gallery, a non-air

se the distributed LLRF system. The LLRF racks have been strategically

perature drift on long haul RF cables. Careful attention has also been paid
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long haul 3/8” heliax cables entering rack
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Air to water heat exchanger design

* Heat exchanger has large surface area
(2 ft2 ) to help maintain temperature lock
with water

preferable to increased air flow

Variac used to adjust fan speed to affect audible noise and air speed

Fan setting Air speed | Audible Phase stability
noise (dB) |(mdeg)
High 110 V.. PRC 820 90 0.477
RFS 830 89
Low 70 Vgy,e  PRC 480 72 0.407
RFS 450 /1
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Observable acoustic noise at high fan speed

rack ambient

3100
3075 -
30.50
23.50
3 23.2
23.25
2300 “
0 22.75 III|
2250 M .IJILI
22.25 f i
28,00 | i
|
0
ANAET

| nal 2700 Room ambient ~ 6 deg A
w| 2675 PRC air intake ~ .15 deg A
o] 2650 RFS air intake ~ .8 deg A

| ] o6t Rack ambient ~ .8 deg A

\
I I I I
I I I I
I I I I
I I I I
I I I :
I I I
I I I I
S — | I
PAC. Vancouver. | no patCh | | |
. Y, I I
. . . . . | |
e Minimum multiple bend radius (multiple) = | oxcol-ss | HEY . * Water system speced for 4 GPM to LLRF :
4 ) L 3,75” | s . racks @ 30 deg C £ 0.5 deg |
e I I I I
The Two Mi Ie ShEd '+ Don't forget space for attenuators as needed | |+ Heat exchanger rated to 150 PSI |
—— . . . —— | in back of chassis | | — 40 PSI = 3.6 GPM flow of water I
“The sun coming up in the morning on a beautiful sunny day for someone in Stanford, California is not such a I I I I
Ivice experience if one is an operator of the Stanford Linear Collide.r (SLC) trying to maintain /uminosity. The : ° Heliax Cable Strain relief Wi" be built intO : | o TWO 110 VAC fa ns pUSh air intO rear |
improvements on the SLC the past decade have decreased the emittance of the beam to a point where the | . ] | | . . ] I
existing phase variations in the RF, due to diurnal temperature changes, significantly affect luminosity. The | raCk ralls at baCk Of eaCh ChaSSIS : LCLS Il RACEKE L2ETED FHDHT: plenum’ ChaSS|S alr receives at |east one :
effects are greatest at sunrise when the temperature gradient with respect to time is the largest.” Ron Aker I Baffling az needed 48 .
I I
1997 | i | s TR ;71 pass through heat exchanger with door |
I , | BLANK 4k | . I
T | 2= = | 15 | TR i | open :
Temperature Stability : : 4 .
I r I LLRF expansion 43 | |
| If | 42 : :
: I
- Red = outside gallery deg F — 50 to 105 deg F | | BLANK Py i
. | | _ |
* Blue = inside gallery deg F — 60 to 110 deg F i | LLRF expansion gg | |
: 40 35 - : BLANK 17 : :
. - — T— b |
o o B ‘M: - - : : e LLRF RESOMANCE CONTROL 35 I g ] |
o] olz L | o | | 774557 8838838883 | 34 : c :
(R Corrtors { wassromms = = | iormen Gfmee | N vr0000r24000000 & BLANK ek @
- OVE_AIR . : = AIIzeG t MAr‘eélg : \7’ : 32 : E :
’ | | II F -, /o LLFF INTERLOCK CHASSIS @ |31 | ~ { . |
LR | 3 | \ V22 7 M"{IIIII . a0 | o~ :
it 3.:| | " ! BLANK 29 : @) |
L : Front : e - ' b 28 I (@ I
gl b | | Win7 = LLFF OC POWER SUPPLY 27 | O — |
o | | SIS - 26 | ‘E I
o | . . . ) I o BLANK 25 | |
| * To minimize the effect of thermal drift on | " 24 | o |
I: I . . . . '}'1 BERELh LR Ae s : A LODISTRUBUTICMN m
" . signal cables, RF heliax will enter side of LLRF | . . gg | |
B i e wtetr mestr Wt ety Bt tededs memitr s Dber ol wretr whtr et et ety Sdetr s Deatr odits g | . D\ o ]
| rack as close as possible to accelerator N 1) Moot T —— 21 | |
Red tside aallerv dea E — 58 to 85 deq E | housing penetration. | 7 > FFS#1 ® Ty |
. : -_ - 5 .—/“
y JelE a7 TR > = I * Gap between penetrations and rack is ~ 3 ft. | S L |
¢ BIue = InSIde gaIIery deg F— 70 to 90 deg = : P P ) : I\‘*‘"v\ ;;I?;/g;// ) LLEF BF STATION 1; I I
- |  — (RFS #2) | |
* Inside gallery dT/dt ~ 5 deg/ hour | | T\ 15 | |
| | i - oome BLANK 14 | |
ROOM £570: LOUTSIDETENP e Time A Deof o [DegF M| I : | "l L L L L LL L | LLEF PEECISION BECEIVER CHASSIS 13 : |
M:LIZ0: LALCOVE AR _TEMF  Main Time Axis DegF =] Méx I \ ¥ ' Bl TR ——
- e S : : - (PRC) O ﬁ : :
R — — | | HOM P atch Panel 101 |
i QOIS0 ALCOVE_AR_TEWP (7.1.55 5begt : : 0g : :
| I}
E | | | Cable feedthrough | |
K M Im A I'-IIII'.II.IIII IIIIIIII‘IIIIIIM w | | able feedthraug 07 | :
| ! III ™ ” I | | 06 | |
e ' | | 05 | |
i : | | |
o | | Heat exch 04 |
i | | — 03 |
| | 0z |
| | 01 | |
' ' : :
I I
Tantmesi e E— e e S [ | I /I
\_ ) \\ __________________________________ -~ N 2
( —_— ‘Start -ld % \
I I l | newformula | add | o | | End |now T
M e aS u r e d P e rf O r an C e BOlS-AI-ESlFéIle\(IAZIIIJI‘ECHl Mai T'TIME}?XIS I hi RII\NGEAXIS IVILEI RI%W C |pre [+ config... e S u I I l I I l ary
BOISIAII3314:1C:70ICH2 mgia ﬁEE EE E:E(I: o E EE Max 29.0
BO15:A41:3314-1C-70:CH4 Main Time Axis rack ambient O Co Min |26.0 Keep Ranges
Type |normaIIv|- .Ileft [~ -
* Rack fan assembly recently optimized for improved air flow ~ 90% SRR covsiion [ ersore | : :
y y p p 0 o 2500 = BO15:A1:3314-1C-70:CH1 (18.2:24C) = BO15:AI:3314-1C-70:CH2 (26.2:20C) = BO15:AL3314-1C-70:CH3 (26.7:20.4C) = BO15:A1:3314-1C-70:CH4 (25.9:20.9C) = \/PRC Area Temperature MaX|mum and TOIerance: 35 Degree c Max
* Study made to determine if lower fan speed (less audible noise) is | 22 e " with stability of +/-2 Degree C
wml 28,50 gh | 'HIII il |

2825 ImIIII | III

IIII

BB 5775
0

2135
21.00 52750

arnbient

2075
.| 2725

Lt

v'RF Station/Resonance/Interlocks/ Area Max Temperature with
N Tolerance: 35 Degree C max +/-5 Degree C (note can have
Y temperature gradient from bottom to top of 10C max)

v'Rack heat load from LLRF: Total 250 Watts (PRC area 35 Watts)

— 350 W total with running stepper motors and fan assembly
(large flywheel)

Main Time Axis

Measured stability of rack internal air in three locations (red dots in rack
profile) over 24 hour period and compared to room ambient air

PRC observed .026 °C/°C (chassis air to external ambient air) variation in
temperature

— Rack specification written for 4 — 40 °C ambient will result in 0.94
°C shift in PRC temperature

Opened front door for 2 minutes, observed 2 °C sudden drop in PRC air
temperature — need to minimize rack access

Adjusted water 1 °C cooler, observed quick response of PRC air
temperature — PRC is closely locked to water temperature

Rack average temperature observed 0.14 °C/°C (rack ambient to room
ambient) variation in temperature
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v'Electrical Service: Two 20A breakers each with power strips

v'AC outlet at the bottom of the rack (front and rear) for test
equipment.

v'Fiber Patch Panel Near the top of the rack

v'"Max cable length for quantity 6, 3/8 inch heliax from penetration

opening to inside of LLRF rack is approximately 30 feet. The cables
should enter the rack from sides near the base of the rack.

Acknowledgments

The presenter of this poster would like to sincerely thank the entire LCLS - II
LLRF team. | was a late addition to this project, and have realized the team
is world class in both technical ability and generosity while patiently
bringing me up to speed.




